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Summary

On the basis of the efficacy of the available agents, the World Health Organization
has recommended only 4 drugs for combined chemotherapy of leprosy: rifampicin, dap-
sone, clofazimine and ethionamide/prothionamide. Thiacetazone and isoniazid are also
used to a lesser extent by some physicians. Pyrazinamide may find a place in treating
‘persister’ bacilli.

Dapsone is absorbed slowly after oral administration. Peak plasma drug concentration
is reached at about 4 hours; absorption half-life is 1.1 hours; elimination half-life is about
30 hours. Oral availability is around 90%. Dapsone is approximately 70% protein-bound,
while its monoacetylated metabolite is amost entirely bound. Dapsone crosses the placenta
and is excreted into breast milk. It is metabolised via acetylation and N-hydroxylation,
but acetylation polymorphism has no effect on dapsone handling by leprosy patients. Dap-
sone penetrates into sciatic nerves of experimental animals but its presence has not been
demonstrated in Schwann cells.

Oral doses of rifampicin are rapidly and completely absorbed. The bioavailability is
greater when the drug is given before meals; peak concentrations occur al 1 to 2 hours.

80 to 90% of rifampicin is bound to plasma proteins, and the drug is found in saliva,

cerebrospinal fluid and breast milk. Its main metabolite, desacetyl rifampicin, also exhibits
antimycobacterial activity in ruberculosis. Rifampicin induces its own metabolism, as well
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as that of dapsone and steroids. Absorption of dapsone and rifampicin is reported to be
reduced in leprosy patients. . . o

Clofazimine has been in use in leprosy treatment since 1960. In higher doses it exerts
an- anti-inflammatory action which is useful in treating leprosy patients in reaction. Oral '
absorption of the drug is slow and dose-dependent; Jaecal excretion also increases with
dose. Single- and multiple-dose studies have shown a plasma half-life of around 10 days.
Bioavailability of the drug is higher when given with food than when fasting; the peak
Plasma concentration occurs at 4 1o 8 hours when the drug is administered with breakfast.
Afler absorption, the drug is thought to circulate in protein-bound Jorm, accounting for

" the fact that it is deposited in various tissues. Uneven distribution and prolonged retention
in the tissues are special features of clofazimine metabolism. One unconjugated and 2
conjugated metabolites have been detected in urine, and the urinary excretion of both the
barent compound and its metabolites is around 1% of the dose. Clofazimine crosses the
Pplacental barrier and is excreted into breast milk, but does not cross the blood-brain bar-
rier. Small amounts of the drug are found in sebum and sweat.

The pharmacokinetic properties of ethionamide and prothionamide are similar in man.
Both are absorbed rapidly and completely following oral administration. Peak plasma .
concentration of prothionamide occurs at around 18 minutes; plasma half-life is about 2
hours. The sulphoxide metabolite of the drug is active against Mycobacterium leprae.

The pharmacokinetics of thiacetazone, isoniazid and pyrazinamide are reviewed briefly.
All 3 drugs are well absorbed after oral administration.

Haematological, dermatological and neurological effects and gastrointestinal symp-
toms are some of the side effects of the drugs reviewed. These may not pose serious prob-
lems at therapeutic dosages in leprosy, but the increased incidence of hepatotoxicity on
combining rifampicin and ethionamide/prothionamide causes serious concern.

Rifampicin increases the excretion of dapsone, although this is not of therapeutic sig-
nificance. Dapsone plus clofazimine reduces the absorption of rifampicin, while rifampicin
plus dapsone does not affect absorption of clofazimine. Isoniazid treatment lowers the
tissue concentration of clofazimine and increases its urinary excretion.

The modern era of leprosy chemotherapy began
in the 1940s with the introduction of the sulphones
(Faget et al. 1943), of which dapsone (4,4’-diami-
nodiphenyl sulphone) remains the mainstay of
treatment even today, as one of the main com-
ponents of various multidrug regimens advocated
by physicians everywhere. However, the wide-
spread emergence of dapsone-resistant strains of
Mpycobacterium leprae in lepromatous leprosy
patients on dapsone monotherapy (WHO 1977) has
forced leprologists to develop a rationally sound
combination chemotherapy involving companion
antileprosy drugs. The bacteriological and phar-
macological activities of these drugs have been
evaluated and compared by Colston et al. (1978a).
Dapsone, clofazimine (a phenazine derivative), rif-
ampicin and ethionamide/prothionamide are the

only bactericidal drugs being considered as candi-
dates for limited duration multidrug regimens
(WHO 1982). Thiacetazone (thiosemicarbazone)
and acedapsone (diacetyl dapsone), which exerts
its antibacterial activity on conversion to dapsone,
are reported to be useful in treating leprosy patients
(Colston et al. 1978a; Zuidema et al. 1986). The
usefulness of isoniazid is debatable (Freerksen 1975;
Molesworth 1975; Pattyn et al. 1981; Shepard 1967),
but pyrazinamide may prove helpful for the treat-
ment of ‘persister” bacilli in multi-bacillary leprosy
cases (Katoch et al. 1988). The structures and the
important bacteriological and pharmacological
properties of the major drugs are given in figure 1
and table I. This review deals with the fundamen-
tal pharmacokinetic properties of the above-
mentioned antileprosy drugs, and with their parti-
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cular considerations in the treatment of leprosy
patients.
1. Fundamental Pharmacokinetic
" Properties of Antileprosy Drugs
1.1 Dapsone

1.1.1 Absorption and Bioavailability

The rate of absorption of dapsone is rather slow,
with a mean absorption half-life (ti,,) of 1.1 hours
[absorption rate constant (k;) = 0.6h~!] after a

single oral dose of 100mg (Ahmad & Rogers 1980a).
An incomplete absorption of about 70 to 80% has
been suggested on the basis of the findings of iso-
tope studies in leprosy patients (Alexander et al.
1970). The absolute oral availability of dapsone has
been reported to be 86 to 104% in healthy volun-
teers after a single oral dose of 100mg (Pieters &
Zuidema 1987).

Concentration-time profiles in healthy volun-
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Fig. 1. Structure of common antileprosy drugs.
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Table I. Bacteriological and pharmacological properties of common antileprosy drugs

- Drug MIC Dose Ratio of Crax No. of days Bacteri-
(mg) to MICe. during which cidal
) Cmax exceeds activity
MicP
Dapsone 0.003 100 500 1 Low
Acedapsone 0.003 225 15 200 None
Rifampicin 0.3 600 30 1 High
Clofazimined 50-100 Low
Ethionamide 0.05 375-500 60 1 Intermediate
Prothionamide 0.05 375-500 40 1 Intermediate
Thiacetazone 0.2 150 8 2 None

Serum concentrations in humans after a single dose.

Qo0 o

Ratio of Cyax in humans, after a single dose, to MIC determined in the mouse.

Figures for MIC and Cray refer to the values of dapsone, as acedapsone is active against M, leprae after conversion to dapsone.
Estimation of MIC is not possible because of uneven distribution of the drug in tissues.

Abbreviations: MIC = minimum inhibitory concentration; Cmax = peak serum drug concentration.

teers and leprosy patients have been calculated by
several groups after administration of dapsone by
various routes, and this aspect has recently been
reviewed by Zuidema et al. (1986). Peak serum or
plasma concentrations are reached at approxi-
mately 2 to 6 hours after oral administration (Ah-
mad & Rogers 1980a,b; Alexander et al. 1970; Pie-
ters & Zuidema 1987). Dapsone and its mono-
acetylated metabolite appear to have the same
~ elimination half-life (ty,s), the values ranging from
14 to 83 hours (Glazko et al. 1968b; Peters et al.
1972, 1975, 1979; Swain et al. 1983). About 90%
of a single dose of dapsone 100mg will be elimi-
nated within 9 days, but following long term
administration the drug has been detected in the
body for up to 35 days after discontinuation of
treatment (Lang 1979).

Dapsone concentration-time profiles in healthy
volunteers after an intravenous infusion of the drug
have recently been reported by Pieters and Zui-
dema (1987). The various pharmacokinetic para-
meters reported 'in studies of single-dose oral
administration and intravenous infusion are shown
in table II.

Zuidema et al. (1986), reviewing the pharmaco-
kinetics of dapsone, mentioned a aumber of stud-

ies on plasma/serum concentrations of dapsone in
leprosy patients and healthy volunteers following
different single doses and also at steady-state. The
findings of these studies suggest a proportionality
between dose and peak blood drug concentration
within the dose range of 50 to 300mg. Steady-state
concentrations after daily oral doses of dapsone
100mg are roughly twice as high as concentrations
from a single dose (Ahmad & Rogers 1980a; Hal-
mekoski et al. 1978; Modderman et al. 1983). At
steady-state a trough concentration of 0.5 mg/L for
both dapsone and monoacetyl dapsone was found
at any time during the 24 hours after the last oral
dose of dapsone 100mg (Garg et al. 1988). It can
be seen that at steady-states achieved by daily oral
doses of dapsone 100mg, the serum or plasma con-
centration at any time will be about 150 times
greater than the minimum inhibitory concentra-
tion (MIC) for M. leprae in blood (as determined
in mice), and this fact is therapeutically significant.

Steady-state serum drug concentrations in lep-
rosy patients following repeated intramuscular in-
Jections of dapsone 375mg in oily vehicle (UNI-
CEF injection) have been reported by Modderman
et al. (1983). During the week following the final
injection, dapsone concentrations of 1 mg/L (300
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times greater than MIC) were maintained. A

monthly intra-adipose injection (in the gluteal sub-

cutaneous fat layer) of rounded doubie-pyramidal
crystals of defined size in an aqueous vehicle has
been reported to result in an absorption rate which
is sufficiently sustained for therapeutic purposes in
terms of serum concentration well above MIC for
M. leprae (Zuidema et al. 1986); this parenteral ap-
proach may be clinically useful, as it permits su-
pervised monthly administration.

Monoacetyl dapsone and acedapsone are known
prodrugs of dapsone. Intramuscular injection of
acedapsone 225mg in benzy! benzoate/castor oil
(4 : 6) results in blood concentrations of 0.02 to
0.08 mg/L during a 75-day period (George & Ba-
lakrishnan 1986; Glazko et al. 1968a), 6 to 25 times
higher than the MIC for dapsone. In the context

of the frequent emergence of dapsone resistance
under such low therapeutic concentrations of the
drug, its usefulness in leprosy chemotherapy is
questioned by Zuidema et al. (1986). Repeated
monthly injections of monoacetyl dapsone 700mg
(equivalent to dapsone 600mg) produce blood con-

centrations between those of dapsone and mono-

acetyl dapsone (in the range of 0.5 to 1 mg/L) and
are 180 to 300 times higher than the MIC (Zui-
dema et al. 1984).

1.1.2 Distribution and Protein Binding

While about 70 to 80% of dapsone is bound to
plasma proteins, its main metabolite monoacetyl
dapsone is almost entirely protein bound (Ahmad
& Rogers 1980b; Biggs et al. 1979;-Modderman et
al. 1983; Peters et al. 1981). It has also been re-
ported that monoacetyl dapsone is 20-25-fold more
highly bound than dapsone (Glazko et al. 1969).

Dapsone seems to be widely distributed
throughout the tissues, concentrations of the drug
being nearly the same as those in blood (Chatterjee
& Poddar 1957, Peters et al. 1977). Dapsone read-
ily penetrates into the sciatic nerves of dogs and

sheep, concentrations in nerve tissues equalling

total plasma concentration (Allen et al. 1975).
However, penetration of the drug into .Schwann
cells of nerves was not demonstrable in mice with
advanced neuropathy (Boddingius & Stolz 1981).

The salivary glands are highly permeable for
dapsone and particularly monoacetyl dapsone. Sa-
liva concentrations of dapsone are about 18 to 27%
of the blood concentration (Zuidema & Van Gin-
neken 1983a,b). Dapsone crosses the placenta
(Hocking 1968), but no serious harmful effects on
the child in utero have been reported (Jopling 1978).
It is excreted in breast milk (Sanders et al. 1982);
however, despite its presence in the urine of breast-

Table 1l. Pharmacokinetic parameters of dapsone (single dose) in healthy volunteers

ka AUC vd F

No.of  Dose Route  Cmax tyag Ke Reference
subjects (mg)? {mg/L)°  (h)? () (h1)  (0-48n) (L/kg)? (%)
(mg/L » h)°
5 483 £ 20 IV 0.65-1.17- 22.4 = 5.6 0.033 + 0.008 13.3-37.5 098 + 0.12 Pieters &
Zuidema
(1987)
5 100 PO 1.12-2.28 21.7 + 6.7 0.034 + 0.009 - 24.0-75.4 93 + 8 Pieters &
. Zuidema
(1987)
1 100 PO 1.9 30 0.02 06 1.5 Ahmad &
: Rogers
(1980a)

a Mean £ SD.
b Range.

Abbreviations: Cmax = peak serum drug concentration; ty,s = terminal half-life; kg = elimination rate constant; kq = absorption rate
constant; AUC (0-48h) = area under the concentration-time curve from zero time to 48 hours post-dose; Vd = apparent volume of

distribution; F = bioavailability; [V = intravenous; PO = oral.
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fed infants, only 2 cases of neonatal haemolysis
have been reported (Hocking 1968; Sanders et al.
1982). It has been suggested by Jopling (1978) that
the presence of antileprosy drugs in the milk may
protect the child from leprosy infection.

1.1.3  Metabolism and Excretion

Acetylation and N-hydroxylation are the 2 main
pathways of dapsone metabolism (Glazko et al.
1969; Karim et al 1981; Zuidema et al. 1986). While
the parent compound is easily acetylated to mono-
acetyl dapsone, further acetylation of the metabo-
lite does not occur to any significant extent (Jones
& Ovenell 1979; Lammintausta et al. 1979; Mur-
ray et al. 1971). A constant equilibrium between
acetylation and deacetylation is reached within a
few hours after the oral administration of either

dapsone or monoacetyl dapsone (Gelber et al. -

1971). However, deacetylation is a rather slow pro-
cess compared with acetylation (Zuidema et al.
1986), probably owing to the extensive protein
binding of monoacetyl dapsone. Acedapsone is also
deacetylated in vivo to form monoacetyl dapsone
and dapsone (Glazko et al. 1968b). Both the pro-
drugs exert their antibacterial effect only after con-
version to dapsone. Individual variability in
acetylation because of the genetically determined
~ N-acetyl transferase activity has been shown to be
of 3 acetylator phenotypes, viz. ‘slow’, ‘fast’ and
‘intermediate’ (Gelber et al. 1971; Peters et al. 1972,
1975, 1979). However, this acetylation polymorph-
ism does not seem to affect the pharmacokinetic
parameters of the drug (Zuidema et al. 1986).

Hydroxylation is the other main pathway of
metabolism of dapsone. Probably about 2 to 7% of
N-hydroxyl dapsone is excreted in the free form
and 30 to 50% in the conjugated form. A high renal
clearance of these metabolites has been suggested
(Zuidema et al. 1986).

Five to 15% of the dapsone dose is excreted as
unchanged drug (Ellard 1966; Gelber et al. 1971).
The amount of monoacetyl dapsone excreted in
urine is very small, and acedapsone does not ap-
pear to be excreted as such (Zuidema et al. 1986).

Monoacetyl dapsone and other N-substituted

sulphones are much less effective than dapsone in'

: terms of antibacterial action (Bawden & Tute 1981),

and probably do not contribute to the therapeutic
effect in leprosy as indicated by an absence of a
relationship between acetylation status and the de-
velopment of resistanice in leprosy patients (Bala-
krishnan & Ramu 1977; Gelber & Rees 1975; Pe-
ters et al. 1976). The concentrations of NOH me-
tabolites in blood are extremely low and their con-
tribution to the effect in leprosy can be ignored
(Zuidema et al. 1986).

1.2 Rifampicin

The semi-synthetic antibiotic rifampicin is the
3-(4-methyl-1-piperazinyl-iminomethyl) derivative
of rifamycin SV. Of the available antileprosy drugs,
rifampicin possesses the highest bactericidal activ-
ity against M. leprae, having an MIC of 0.3 mg/L
in mice (table I).

1.2.1 Absorption and Bioavailability

The absorption of orally administered rifampi-
cin is both rapid and nearly complete. The rate of
absorption is not dose-related, since the time re-
quired for the drug to reach its peak serum con-
centration has been found to be the same at dif-
ferent dosage levels (Acocella 1978; Lecaillon et al.
1981). The mean values of the absorption half-life
of rifampicin in leprosy patients after a single oral
dose of 600mg are reported to be 0.56 to 0.67 hour
(Mehta et al. 1985). The peak plasma concentra-
tion is attained after 1 to 4 hours and reaches val-
ues of approximately 6 and 9 mg/L after single oral
doses of 450 and 600mg, respectively. The peak
serum concentration and area under the concen-
tration-time curve (AUC) are greater if rifampicin
is taken.before breakfast than after; but the serum
concentrations remain above MIC (for M. tuber-
culosis) for the same length of time in both cases
(Riess 1969; Siegler et al. 1974).

Using high performance liquid chromatography
(HPLC), Acocella et al. (1985) have calculated the
pharmacokinetics of rifampicin in 4 male patients
attending a chest clinic. For an oral dose of 8.1 +
0.7 mg/kg bodyweight, the reported parameters
were: peak plasma drug concentration (Cpax) = 6.3
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+ 0.5 mg/L, time to reach Chpax (tmax) = 3.2 =
0.2 hours, area under the concentration-time curve
(AUC) [0-12h] = 36.0 = 5.5 mg/L * h and elim-
ination half-life (ty,g) = 4.7 £ 1.9 hours, while cor-
responding figures for its major metabolite des-
acetyl rifampicin were Cmax = 0.8 £ 0.1 mg/L,
tmax = 5.0 £ 1.0 hours and AUC =4.9 + 1.3 mg/
L - h (% standard error). The pharmacokinetic
parameters reported in a study in leprosy patients
by Mehta et al. (1985) do not appear to vary much
from those reported in patients with chest ailments
by Acocella et al. (1985).

During continuous administration of rifampicin
the serum concentration and half-life are usually
higher after the first dose than subsequent doses
(Furesz 1970; Maggi et al. 1969). Steady-state con-
centrations are not reached until after a relatively
long time; the high liposolubility of the drug may
account for this observation (Seydel 1970). The
maximal induction of rifampicin metabolism, and
presumably that of the hepatic microsomal enzyme
system in general, is probably attained after about
7 daily doses (300, 450 and 600mg) of the drug
(Acocella et al. 1971; Immanuel et al. 1985).

1.2.2 Distribution and Protein Binding

Rifampicin diffuses rapidly from plasma into
the other body fluids, tissues and organs. In the
liver, bile, gallbladder and urine, rifampicin reaches
concentrations which are higher than those found
in the blood, and salivary concentrations are ap-
proximately 20% of the serum concentration (Paw-
lowska & Pniewski 1979). Rifampicin has been
shown to cross the blood-brain barrier (Pilheu &
Sippel 1975) and the placental barrier (Rocker
1977). A study in Japanese women has shown that
values for tmay for rifampicin are about the same
in cord blood and maternal blood and that the fetal
serum concentrations at birth range between 12 and
33% -of those in the maternal serum (Kenny &

Strates 1981). The ability of rifampicin to cross the -

placental barrier does not result in adverse effects
to the fetus.

A mean plasma protein binding rate of 88.9 +
0.9% has been reported in healthy subjects (Boman
& Ringberger 1974). The percentage of protein

binding has been found to be unrelated to the
plasma concentration of the drug (Kenny & Strates
1981).

1.2.3  Metabolism and Excretion

In a review of the pharmacokinetics of rifamp-
icin by Acocella (1978), the drug is metabolised into
compounds such as 25-desacetyl rifampicin, rif-
ampicin quinone, desacetyl rifampicin quinone, 3-
formyl! rifampicin SV, 3-formyl desacetyl rifampi-
cin and a few others. The modern technique of
HPLC has made it possible to study rifampicin and
its metabolites separately yet simultaneously (Gi-
doh & Tsutsumi 1981; Lecaillon et al. 1978). These
metabolites are eliminated from the system through
the bile and also the urine. The major metabolite,
25-desacetyl rifampicin, has been shown to be ac-
tive against M. tuberculosis as rifampicin itself
(Acocella 1978). The quantity of rifampicin and 3
of its metabolites - 25-desacetyl rifampicin, 3-for-
myl rifampicin SV and 3-formyl desacetyl rifamp-
icin - recovered in the urine has been found to rise
from 3% of the dose after oral administration of
150mg to approximately 12% after a 600mg dose
(Lecaillon et al. 1981).

1.3 Clofazimine

Clofazimine [3-(p-chloroanilino)-10-(p-chloro-
phenyl)-2,10-di-hydro-2-(isopropylimino) phena-
zine] is active against M. leprae in mice. and in
humans (Browne et al. 1981; Pettit & Rees 1966;
Shepard 1976; Shepard & Chang 1964). In addi-
tion, this drug possesses anti-inflammatory prop-
erties when used in higher doses, which has been
found useful in treating lepromatous leprosy in the
reactive phase (Browne 1965).

1.3.1 Absorption and Bioavailability

The exact mechanism of clofazimine absorption
from the gastrointestinal tract is not clear. Studies
carried out on various laboratory animals have re-
vealed a species variation: absorption is good in
mice, rats and monkeys, decidedly poorer in rab-
bits and guinea-pigs and practically negligible in
dogs (Barry et al. 1960; Vischer 1969).
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Fig. 2. Percentage absorption of clofazimine from the alimen-
tary tract in relation to single oral doses of clofazimine; n =
number of leprosy patients in age group; error bar denotes up-
per range of SD. Student's t-test: 100mg vs 600mg p < 0.01,
100mg vs 400mg p > 0.01 < 0.05, 100mg vs 300mg p = 0.1 (after
Mathur et al. 1985).

In humans, only about 20% of the crystalline
substance is absorbed after oral administration, but
this figure rises to 50% when the micronised form
of the drug is used, and may reach 85% with oral
administration in the form of a suspension in oil,
Very slow absorption from the site of intramus-

cular injection has limited drug administration to

the oral route (Vischer 1969).

Faecal excretion of clofazimine by humans is
variable; on average 11 to 59% of a single dose is
excreted in 3 days (Levy 1974). Dose-dependent
absorption in leprosy patients has also been re-
ported by Mathur et al. (1985) in a study on faecal
excretion in relation to various single doses of the
drug. While 70% of a single dose of clofazimine
100mg (‘Lamprene’ capsule) was absorbed from the
gut, only about 45% was absorbed after adminis-
tration of a single dose of 600mg (fig. 2).

" In 6 subjects in whom it wasg assessed, maxi-
mum plasma drug concentrations_ occurred be-

tween 4 and 8 hours afier a single oral dose of clo-
fazimine 200mg, taken 10 minutes after breakfast
(Lanyi et al. 1987). The mean plasma concentra-
tion was 407.6 + 136.81 ng/g as determined by a’

* thin layer chromatographic method described by

Lanyi and Dubois (1982). The mean AUC (0-264h)
for plasma was 16.05 + 0.398 pg/g * h, but AUC
was lower when the drug was administered in the
fasting state. Oral administration of clofazimine to
healthy volunteers with food containing proteins
and fat resulted in an increase in bicavailability by

‘about 62% compared with administration in fast-

ing conditions (fig. 3).

A few studies have been published on plasma
concentrations of clofazimine in leprosy patients
employing spectrophotometric methods based on _
that described by Barry et al, (1960). An average
plasma concentration of 1.15 mg/L has been re-
ported in leprosy patients receiving a daily dose of
300mg (Balakrishnan et al. 1976; Venkatesan et al.
1980). Leprosy patients receiving clofazimine
100mg thrice weekly or 100, 300 or 400mg daily

300+

2504
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Fig. 3. Mean plasma concentration-time curves of clofazimine
in healthy subjects (n = 3) after a single oral dose of 200mg
with (@) and without (O) breakfast after overnight fast; [ = area
showing an increase in bioavailability in terms of AUC {0-264h)
[after Lanyi et al. 1987]. )
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for varying periods have plasma drug concentra-
tions of 0.5, 0.7, 1.0 and 1.4 mg/L, respectively
(Mansfield 1974). A single oral dose of clofazimine
300mg given to leprosy patients has been shown
to result in a plasma drug concentration of 0.2 mg/
L (Banerjee et al. 1974); this low concentration has
been suggested to be due either to incomplete ab-
sorption from the gut or to rapid hepatic removal
of the absorbed drug via the portal vein (first-pass
effect). The above findings indicate that, as after a
single dose, the plasma concentration of the drug
is also dose-related during continued administra-
tion, although there does not appear to be a linear
relationship between dosage and plasma concen-
trations.

1.3.2 Distribution and Protein Binding

The distribution of clofazimine is relatively
slower than the absorption (Vischer 1969). Clofa-
zimine and related phenazines have been reported
to show very selective tissue distribution in hu-
mans and experimental animals (Barry et al. 1959;
Byrne et al. 1969). A significant proportion of these
drugs is found in adipose tissue and in cells of the

reticuloendothelial system, where they can be seen

concentrated in phagosome-type inclusions and ul-
timately as crystals of pure drug (Conalty & Jack-
son 1962). Presumably, clofazimine after absorp-
tion circulates bound to plasma proteins and is
engulfed-in this form by the cells of the reticulo-
endothelial system, where it remains after diges-
tion of the protein (Vischer 1969).

At autopsies performed on 3 leprosy. patients,
clofazimine was found predominantly in the mes-
enteric lymph node, adrenals, subcutaneous fat,
liver, bile, gallbladder, spleen, small intestine,
muscle, bone and skin, and to a small extent in
nerve tissue. In these patients, who had received
clofazimine in varying doses of up to 300mg daily

for 35 to 243 days, the brain concentration was

near zero (Mansfield 1974). In another autopsy
study ‘ghosts’ of clofazimine crystals have been
found- in histological sections of intestinal mucosa
(Desikan & Balakrishnan 1976). Yet another de-
tailed autopsy study by Balakrishnan et al. (1976)

showed high clofazimine content in spleen, small -

intestine and mesenteric lymph node, relatively low
concentration in liver, omentum and lungs, and an
absence of drug in brain tissue. There was a fairly
sharp fall in the skin concentration of clofazimine
in the first 2 months following cessation of treat-
ment, but traces of clofazimine (about 4 ug/g) were
found in the skin even after 1 to 2 years. Dose and
duration of treatment did not appear to influence
the amount of drug in the skin (Balakrishnan et al.
1976).

Little is known about the penetration of the drug
into nerves. McDougall & Jones (1981) noticed
foamy perineural macrophages containing amor-
phous material, histologically identified as lipofus-

“cin, in a nerve biopsy of a leprosy patient in the

reactive phase, and interpreted this as evidence of
previous clofazimine treatment.

Based on an observation that infants born to
mothers who had received the drug during preg-
nancy were deeply pigmented at birth, Waters
(1969) reported that clofazimine crosses the pla-
centa. There is no report of any teratogenic effect
associated with the drug (Schulz 1971). Clofazim-
ine is excreted in breast milk to such an extent as
to colour the milk (personal observation). Experi-
mental studies in female mice, rats, guinea-pigs and
rabbits have shown similar observations (Vischer
1969).

1.3.3 Metabolism and Excretion
The exact manner in which clofazimine is.me-

- tabolised in humans is still not fully known. At

least 3 metabolites have been detected in urine of
leprosy patients receiving clofazimine 300mg daily.
Two of the metabolites are conjugated; they are 3-

" (B-D-glucopyranosiduronic acid)-10-(p-chloro-

phenyl)-2,10-dihydro-2-isopropyl iminophenazine
and 3-(p-chloroanilino)-10-(p-chlorophenyl)-4,10-

. dihydro-~4-(B-D-glucopyranosiduronic acid)-2-iso-

propyl iminophenazine. The third metabolite, an
unconjugated one, is 3-(p-hydroxy anilino)-10-(p-
chlorophenyl)-2,10-dihydro-2-isopropyl imino-
phenazine (fig. 4).

These metabolites are excreted in very small

. amounts constituting only 0.6% of the daily dose

(assuming 70% drug absorption), while about 1%
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Fig. 4. In vivo metabolic pathways of clofazimine in humans. Metabolite I: 3~{p-hydroxyanilino)-10-(p-chloropheny!)-2,10-dihydro-2-
isopropyliminophenazine; metabolite Il: 3-(o-chloroanilino)-1 0-(p-chlorophenyl)-4,10-dihydro-4-hydroxy-2-isopropyliminophenazine;
metabolite ll: 3-(hydroxy)-10-(p-chlorophenyi)-2,10-dihydro-2-isopropyl-iminophenazine. Metabolites |1 and Il are excreted in urine
after conjugation to D-glucopyranosiduronic acid, while metabolite | is excreted in free form (after Feng et al. 1981, 1982).

is excreted unchanged (Feng et al. 1981; 1982; Levy
1974). The low excretion rate of clofazimine and
its metabolites is probably due to the long resi-
dence time of the drug in the body. Presumably an
equilibrium between intake and output of the drug
would eventually be reached, but when this occurs
for a given dose of the drug is not certain. The
clofazimine metabolites found in urine could also
be the products of intestinal bacterial metabolism
of the parent drug which is deposited on intestinal
walls (Feng et al. 1982). In addition to urinary ex-

cretion, a small amount of the drug is also elimi-
nated in the sebum and sweat (Vischer 1969).

The mean terminal half-life has been reported
to be 10.6 = 4.0 days on administration of a single
dose of clofazimine 50mg and 8.8 + 1.0 days after
dosing with 50mg daily for § days together with
food (Lanyi et al. 1987).

Spectral studies have shown binding of clofa-
zimine to deoxyribonucleic acid, non-involvement
of an intercalation and involvement of binding to
guanine residues as possible events in-the mode of
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action of the drug (Morrison & Morley 1976, 1977).
Unidimensional cross-resistance between clofa-
zimine and rifampicin has been reported, suggest-
ing an involvement of clofazimine in transcription
(Morrison 1972). Clofazimine resistance appears to
be extremely rare and there is only I reliable report
of such a case (Warndorff-van Diepen 1982).

1.4 Ethionamide and Prothionamide

The thioamides ethionamide and prothionam-
ide are very potent bactericidal antileprosy drugs,
surpassed in this respect only by rifampicin. The
pharmacokinetics of both the thioamides and their
circulatory S-oxide metabolites have been studied
in detail in rats and armadillos (Peters et al. 1983)
as well as human volunteers (Jenner & Ellard 1981;
Jenner et al. 1984; Jenner & Smith 1987) using
HPLC.

The absorption of prothionamide following oral
administration appears to be rapid. Peak concen-
tration is reported to occur whithin 30 minutes of
ingestion, making an accurate estimation of its ab-

sorption half-life difficult; however, it has been cal-
culated to be 18.5 * 2.7 minutes. Peak plasma
ethionamide concentration is reported to be reached
in about 90 minutes. Lack of evidence of signifi-
cant faecal elimination of the unmetabolised drugs
and the systemic availabilities calculated for both
these drugs-(1.1 and 0.9 for ethionamide and pro-
thionamide, respectively) suggest complete absorp-
tion from the gut and an absence of first-pass me-
tabolism (Jenner & Smith 1987). It has been
reported in single oral dose studies that the elim-
ination half-life of both drugs is about 2 hours, but
the plasma concentrations of prothionamide from
1 hour onwards are only about half those of ethion-
amide (Jenner et al. 1981). The observed differ-
ences in the pharmacokinetics of the 2 drugs have
been shown not to be due to greater conversion of -
prothionamide to its metabolite (Peters et al. 1983).
Following intravenous administration, plasma
concentrations of thioamides have been reported
to decline biexponentially, with half-lives of 7.2 and
5.8 minutes for the distribution phases of ethion-
amide and prothionamide, respectively (Jenner &

Table Ill. Mean (x+ SD) pharmacokinetic parameters of ethionamide and prothionamide in humans, rats and armadiilos

Parameters Humans (n = 1)2 Rats (n = 4)b Armadillos (n = 2)P
(units)
ETH® PTH® ETHd PTHd PTH® PTHf PTHS
AUC(0—c0) 55 48 1215 870 11.6 (32.0)"  11.9(17.4) 5.1
[mg/L + min] ‘
tmax (Min} ) 90 30
tyze (MIN) 7.2 5.8 '
tyag (D) 1.77 £ 0.07 2.06 £ 012 1.6 £ 0.31 149 + 013 074 (0.69) 0.43(0.86) 0.52
tyza {min) 185 = 2.7
vd (L) 79 93
f 11 0.9
a Jenner & Smith (1981).
b Peters et al. (1983).
¢ 25mg intravenous dose.
d 500mg oral dose.
e 32 mg/kg intravenous dose.
f 32 mg/kg oral dose.
g 16 mg/kg intravenous dose.
h Values in parentheses are those for prothionamide-S-oxide.

Abbreviations: ETH = ethionamide; PTH = prothionamide; AUC(0—co) = area under the concentration-time curve from zero time to
infinity; tmax = time to reach peak serum drug concentration; ty,,, = half-life of the distribution phase; ty,z = elimination half-life;
ty,a = absorption half-life; Vd = apparent volume of distribution; f = bioavailability. .
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Smith 1987). The reported pharmacokinetic para-
meters of both drugs in experimental animals and
in humans are given in table IIL ‘

The thioamides are converted into S-oxides in
the body, and this metabolite has been reported to
have inhibitory and bactericidal activity against M.
leprae (Matsuo et al. 1981). Prothionamide has not
been shown to induce its own metabolism in stud-
ies in rats and armadillos, as indicated by lack of
significant differences in serum concentrations of
either the parent compound or prothionamide-S-
oxide after single and multiple doses (Peters et al,
1983).

The cumulative urinary excretion of ethion-
amide and prothionamide has been reported to be
around 0.15% and 0.05%, respectively, of the ad-
ministered dose (Jenner & Ellard 1981).

1.5 Thiacetazone

Thiacetazone (p-acetyl amino benzaldehyde
thiosemicarbazone) is still used by some physicians
as an antileprosy drug, although it does not feature
in the widely used ‘standard’ multidrug regimens
because of its relatively lower antileprosy activity
and the evolution of drug-resistant bacilli. The use
of this drug in the treatment of leprosy was first
described by Lowe (1954). While comparing the

activity of thiacetazone and thiambutosine in the
' chemotherapy of experimental leprosy in mice,
Colston & Hilston (1976) found that the MIC of
thiacetazone was 0.26 mg/L.

Thiacetazone is well absorbed after a single oral
dose. Peak serum concentrations have been re-

ported to occur about 4 to 5 hours after adminis-
tration of a 150mg dose of the drug. However, peak
concentrations are reached much later after higher
doses (up to 600mg), possibly because absorption
of the larger doses is prolonged owing to its low
aqueous solubility. Peak drug concentrations are
reported to be proportional to the dosage. The half-
life of thiacetazone in humans averages a little un-
der 12 hours (Ellard et al. 1974). Reported serum
drug concentrations following oral doses of thiace-
tazone '150mg in tuberculosis patients are shown
in table IV.

Thiacetazone is not extensively deacetylated or
cleaved to form its metabolites p-acetyl amino ben-
zaldehyde and thiosemicarbazone. On average,
about 20% of the administered dose is excreted in
urine over a period of 3 days, 15% or more rep- -

resenting unchanged drug (Ellard et al. 1974).

1.6 Isoniazid

Isoniazid is bacteriostatic for M. leprae (She-
pard 1967) and indications for the use of this drug
in leprosy are limited from the bacteriological point
of view (Pattyn et al. 1981; Shepard 1967). Never-
theless, multidrug regimens comprising rifampicin,
dapsone and isoniazid plus prothionamide (‘Iso-
prodian’) have been employed by several workers
(Depasquale 1975; Freerksen 1975). There is a re-
port that a combination of dapsone with thiace-
tazone and isoniazid performed well in leprosy
treatment (Molesworth 1975). The pharmacokin-
etics of isoniazid have been extensively reviewed
by Weber and Hein (1979) and need not be cov-
ered here since the drug has only limited use in the

Table IV. Mean (= SD) concentrations of thiacetazone in serum (mg/L) [after Ellard et al. 1974]

Dosage Time after dose (h)

0 2 4 6 24 48
150mg once (n = 18) 0.9 + 0.52 0.6 09 + 07 0.3 = 0.2 0.0 + 0.2
150mg daily (n = 21) - 0.4 + 0.4b + 0.7
150mg daily (n = 24) 0.5 + 0.4¢ 14 = 0.7 + 0.9 12 = 0.9 06 + 0.4

a UV photometry.
b UV photometry, colorimetry and fluorimetry.
¢ UV photometry arid fluorimetry.
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Table V. Mean (+ SD) pharmacokinetic parameters of isonia-
zid 'and pyrazinamide (after Acocella et al. 1985)

Parameter Isoniazid® Pyrazinamide®
{units) (n=4) (n=4)
Dose® (mg/kg) 56 £ 04 246 = 24
Crnax (Mg/L) 02 + 1.2 308 + 36
, (1.8 + 0.4) (55 + 1.4)
AUC (0-12h) 497 £ 7.8 2247 + 215
(mg/L-h) - (16.3 + 4.0) (38.6 + 3.6)
tmax () 22+ 05 15 + 03
(5.7 + 1.3) (35 £ 0.3)
tyay () 3.6 + 0.4 74 %10
(11.6 £ 5.5)

a Values in parentheses are for acetyl isoniazid.

b Values in parentheses are for pyrazinoic acid.

¢ Doses given orally.

Abbreviations: Cmax = peak serum drug concentration; AUC (0-
12h) = area under the concentration-time curve from zero time
to 12 hours post-dose; tmax = time to reach Cmax; tyeg = terminal
half-life.

treatment of leprosy. Recently Acocella et al. (1985)
have reported on the pharmacokinetics of isonia-
zid after a single oral dose in patients with chest

disease. The pharmacokinetic parameters de- .

scribed in their work are shown in table V.
1.7 Pyrazinamide

‘Persister’ bacilli are known to exist in leprosy
even after several years of chemotherapy (Ellard
1984). On the basis of experience using pyrazin-
amide together with other antitubercular bacteri-
cidal drugs for effectively eliminating the ‘persister’
organisms in tuberculosis, it is thought that pyra-
zinamide could serve as a companion antileprosy
drug (Katoch et al. 1988). As drug combinations
involving pyrazinamide may be used in the future,
the pharmacokinetics of this drug are briefly re-
viewed here. o

Absorption of pyrazinamide from the alimen-
tary tract appea(rs to be extremely rapid. Peak serum
drug concentrations are achieved within 2 hours,
and are dose-related over the range of pyrazin-
amide 0.5 to 3g for both the drug and its metab-
olite, pyrazinoic acid. Non-detection of pyrazin-

amide in faeces collected after administration of 3g
of the drug suggests that there is complete absorp-
tion of the drug in the alimentary tract (Ellard
1969). '

Recently, Acocella et al. (1985) using HPLC have
calculated the pharmacokinetic parameters of pyr-
azinamide and its pyrazinoic acid metabolite (table
V). Serum half-life of pyrazinamide is not related
to length of treatment (Ellard 1969).

After absorption from the gut, pyrazinamide is
rapidly distributed throughout the whole body water
(Ellard 1969). The ready penetration of unchanged
pyrazinamide into tissue membranes and sciatic
nerves of both dogs and rabbits has been reported -
(Allen et al. 1975; Yu et al. 1957).

Konno et al. (1967) have suggested that pyra-
zinamide may exert its antituberculosis activity
through in vivo pyrazinoic acid. Tuberculosis
patients have been shown to excrete about 4% of
the dose unchanged and 30% as the metabolite, ir-
respective of the size of the dose up to 3g. Pyra-
zinamide filtered by the kidney is reabsorbed while
pyrazinoic acid is not (Ellard 1969); the elimina-
tion half-life of pyrazinamide is 7.4 = 1.0 hours
(table V).

2. Side Effects of Antileprosy Drugs
2.1 Dapsone

The most frequent side effects of dapsone are
haematological in nature, and are dose-dependent.
Methaemoglobinaemia caused by NOH metabo-
lites of dapsone has been reported to be severe
in glucose-6-phosphate dehydrogenase-deficient
patients and to cause cyanosis, tiredness, dys-
pnoea, tachycardia, headache, dizziness, nausea and

- mild jaundice (Zuidema et al. 1986). Haemolysis

is the second most important haematological side
effect of dapsone, but is not easy to detect follow-
ing daily doses of 100mg or less in healthy subjects
and 50mg or less in healthy glucose-6-phosphate
dehydrogenase-deficient individuals (DeGowin

1967).
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2.2 Rifampicin

An uncommon side effect of intermittent
administration of rifampicin is hepatitis, while even
more rare are thrombocytopenia, psychosis and os-

teomalacia. Most of the side effects such as ‘flu’-

syndrome shock, dyspnoea, haemolytic anaemia
and renal failure, which are associated with inter-
mittent therapy in tuberculosis, are unlikely in lep-
rosy patients receiving monthly doses of rifampi-
cin on the basis of the WHO recommendation
(WHO 1982).

Rifampicin reduces the effectiveness of steroids
and oral contraceptives. In leprosy patients with
adrenal cortical dysfunction it can be dangerous to
administer the drug during erythema nodosum le-
prosum reactions as, in addition to counteracting
the effect of exogenous prednisolone, rifampicin
also counteracts endogenous cortisol (Jopling 1983).

2.3 Clofazimine

Jopling (1983) has reviewed the side effects of
clofazimine, which may be mild or serious. The
mild effects are dose-related and reversible, the
commonest effect being a red-brown discoloration
of the skin and a much darker brownish-black pig-
mentation of the leprosy lesions. These changes are
naturally less obvious in individuals with dark
skins. The less common side effects include gas-
trointestinal symptoms and general dryness of the
skin, which may progress to ichthyosis in limbs.
Serious side effects are confined to the small bowel
and are dose-related. A ‘late syndrome’ which is of
greater significance occurs after long term admin-
istration of high dosages of clofazimine. In this
condition, persistent diarrhoea, abdominal pain and
weight loss are seen.

2.4 Ethionamide and Prothionamide

Both ethionamide and prothionamide give rise
to gastrointestinal side effects, but the latter drug
appears to be well tolerated when administered in
a daily dosage of 500 to 1000mg as used in tuber-
culosis patients (Fox et al. 1969). Ethionamide has

also been reported 1o cause peripherai neuropathy
in high doses (Leggat 1962). A pellagra-like en-
cephalopathy has been described as an uncommon
but serious side effect of ethionamide, and simul--
taneous administration of isoniazid with ethion-
amide is likely to enhance the occurrence of this
condition. Hypothyroidism, hypoglycaemia, alo-
pecia and gynaecomastia are other side effects -
which have been reported as rare but serious (J6-
pling 1983). One case of hepatitis among 102 mul-
tibacillary leprosy patients receiving monotherapy
with ethionamide 500mg daily has been reported
by Rollier & Rollier (1972). An unacceptable in-
cidence of hepatotoxicity (4.5 to 15%) on combin-
ing thioamides with rifampicin for leprosy treat-
ment has been reported by many workers (Cartel
et al. 1983; Ji et al. 1984; Pattyn et al. 1984).

2.5 Thiacetazone

Mild side effects of thiacetazone include gas-
trointestinal symptoms, transient rash, dizziness,
headache and drowsiness. Serious side effects in-
volve skin, blood, liver and hearing. Because of the
risk of hepatotoxicity induced by thiacetazone, it
is not advisable to give the drug to patients with
liver dysfunction (Jopling 1983; Lowe 1954; Plnes
1964; Webb 1973).

The frequency of side effects and acceptablhty
of the drug are influenced by racial and geograph-
ical factors and therefore a general statement on
these aspects may not be meaningful.

3. Pharmacokinetics in Various
Pathophysiological States

Dose recommendations in the literature have
only an empirical character. For leprosy patients
the use of 50 to 100 mg/day of dapsone has been
recommended (Zuidema et al. 1986). A decreased
bioavailability of the drug after oral administration
has been reported in severely leprotic patients
(Kubo et al. 1983). A decrease in skin concentra-
tions of dapsone and an increase in urinary excre-
tion of the parent compound and its metabolites
have been observed in lepromatous leprosy patients
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with severe albuminuria (Venkatesan et al., un-
published data). Although renal function impair-
ment occurs frequently in leprosy (Zuidema et al.
1986), its influence on the renal excretion of dap-
sone and its metabolites has not been studied.
The dosage of rifampicin used in infants and
children varies from 300 to 450mg either as a
monthly loading dose or as daily administration
during initial intensive therapy (Government of
India 1982). The dosage in adult leprosy patients
is 450mg for those with bodyweight of less than
35kg and 600mg for those weighing more. Whereas
a slight decrease in serum drug concentrations in
leprosy patients relative to that in healthy subjects
has beer suggested by Mehta et al. (1985), these
workers did not demonstrate a significant differ-
ence in the pharmacokinetics of rifampicin be-
tween multi- and paucibacillary leprosy patients.

4. Implications for the Treatment
of Leprosy

The minimum inhibitory concentration of an

antileprosy drug is defined as the serum concen-’

tration present in mice fed with the minimum ef-
fective dose of the drug for effective inhibition of
the growth of M. leprae in mouse foot pad. Assum-
ing that MIC for M. leprae in humans is similar to
that in the mouse, the recommended doses of an-
tileprosy drugs must result in serum concentra-
tions much higher than the estimated MIC in ex-
perimental mice (table I). The markedly superior
ratios of peak serum concentrations to MIC, there-
fore, denote therapeutic efficacy of the antileprosy
drug. MICs have been defined .for dapsone (Levy
& Peters 1976), rifampicin (Holmes 1974; Holmes
& Hilson. 1972), prothionamide and ethionamide

(Colston et al. 1978a,b) and thiacetazone (Colston
& Hilson 1976). It has not been possible to esti-

mate the MIC for clofazimine owing to its uneven
distribution and prolonged retention in the tissues.
" It appears likely that the therapeutic effect of
dapsone is contributed by the unchanged drug and

not by its metabolites such as monoacetyl dapsone

or other N-substituted sulphones (Bawden & Tute
1981). Daily administration of dapsone 100mg to

leprosy patients has been reported to produce a
trough plasma drug concentration of 0.5 mg/L at
any time during the 24-hour dosing interval once
steady-state is reached (Halmekoski et al. 1978;
Garg et al. 1988). This is roughly 160 times higher
than the MIC for this drug.

A single intramuscular injection of acedapsone
is reported to produce a serum concentration of
0.015 to 0.085 mg/L (George & Balakrishnan 1986)
which is 5 to 25 times more than the MIC for dap-
sone, although a steady-state concentration of about
0.5 mg/L seems to be desirable for therapeutic ef-
ficiency (Zuidema et .al. 1986). Recently, Jagan--
nathan & Mahadevan (1986) have suggested an
MIC of 0.028 mg/L using their in vitro macrophage
assay system.

Simultaneous administration of rifampicin has
been reported to decrease the half-life of dapsone
by a factor of about 2 and lower its plasma, skin
and nerve concentrations considerably (Balakrish-
nan & Seshadri 1981; Gelber & Rees 1975; Gelber
et al. 1975; Peters et al. 1977). These studies also
show that the serum concentration of dapsone is
still about 300 times higher than the MIC for the
drug. A monthly pulse of oral rifampicin 600mg
(WHO 1982) with an initial intensive therapy of
rifampicin 600mg daily for 14 days (Government
of India 1982) is the recommended dosage in
multidrug regimens (table VI). The effect of rif-
ampicin on blood concentrations and urinary ex-

- cretion of dapsone during this period of rifampicin

administration has not been found to be significant
in terms of MIC (George et al. 1988). The dapsone-
lowering effect of rifampicin has also not been
found to vary among the various phenotypes of
acetylators for dapsone (George et al. 1988; Ven-
katesan et al. 1980).

As may be seen from table VII, simultaneous
administration of either prothionamide or clofa-
zimine has not been shown to exert any effect on

“plasma concentrations, half-life and urinary excre-

tion of dapsone (George et al. 1988; Mathur et al.

.1986; Venkatesan et al. 1986). Serum concentra-

tions of dapsone and urinary excretion of the drug
and its conjugated metabolites-have not been found
to differ between patients on dapsone monother-
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Table VI. Multidrug regimens recommended by WHO (1982) and Government of India (1982)

Recommendation Multibacillary leprosy - Paucibacillary leprosy
regimen dosage _duration regimen dosage - duration
WHO (1982) Rifampicin 600 mg Minimum Rifarhpicin 600mg
monthly 2 years monthly
pulse? or pulse
Clofazimine®  300mg till smear 6 months
monthly negativity
pulse and whichever
50mg daily is longer
Dapsone 100mg Dapsone 100mg
daily daily
Government of Rifampicin 600mg Minimum of Rifampicin 600mg Minimum 6
India daily for two years monthly months or
initial or pulse till clinical
14 days? till smear inactivity
and 600mg negativity
monthly
Clofazimine As in WHO Dapsone 100mg’
Dapsone 2 (1982) daily

a Monthly doses of clofazimine and rifampicin and daily doses of rifampicin are administered to the patients under supervision.
b Where clofazimine is totally unacceptable owing to the coloration of skin lesions that it causes, replacement by 250 to 375mg
self-administered daily doses of ethionamide/prothionamide should be considered.

apy for 1 to 3 years and those on multidrug therapy
comprising daily dapsone and clofazimine on al-
ternate days together with monthly pulses of rif-
ampicin for the same time period (Venkatesan et
al. 1987). However, there is one report that mob-
- ilisation of tissue dapsone occurs, based on the ob-
servation of increased urinary excretion in 9 of the
17 patients treated with both clofazimine and dap-
sone (Grabosz & Wheate 1975).

Probenecid has been shown to cause a signifi-
cant reduction in the urinary excretion of free and
conjugated dapsone together with an increase in
dapsone concentrations in blood (Goodwin & Spa-
rell 1969). Pyrimethamine is reported to lower peak
serum concentrations of dapsone without altering
the half-life of dapsone and monoacetyl dapsone
(Ahmad & Rogers 1980b).

A single dose of rifampicin 600mg is estimated
to maintain the plasma concentration above its
MIC for about 24 hours (WHO 1982). The thera-
peutic efficacy of rifampicin has been reported to
be such that 99.9% of M. leprae are killed within

4 days of administration of a single oral dose of
600mg (Levy et al. 1976).

Simultaneous administration of para-amino-
salicylic acid, isoniazid, pyrazinamide or strepto-
mycin in various combinations has not been shown
to exert any significant effect on the absorption,
metabolism and excretion of rifampicin in tuber-
culosis patients (Acocella et al. 1985; Boman 1974).
Studies of Venkatesan et al. (1986) and Mathur et
al. (1986) have not shown any pharmacokinetic in-
teractions between rifampicin and clofazimine or
prothionamide (table VII). On the other hand,
Mehta et al. (1985) have reported that clofazimine
significantly reduced the absorption of rifampicin,
resulting in delayed time to reach peak serum con-
centrations and increased half-life of the drug.
Nevertheless, the bioavailability in terms of AUC
and peak serum concentrations was not found to
be significantly affected. The pharmacokinetic
properties of rifampicin have not been found to
vary among multibacillary and paucibacillary lep-
rosy patients as reported by Mehta et al. (1985).
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The reduced effectiveness of steroids when given
concurrently with rifampicin is a point to be noted.
This has been suggested to be due to the latter’s
ability to induce hepatic microsomal enzymes
which increase the metabolic degradation of ster-
oids (Jopling 1983). Since rifampicin is admini-
stered as a monthly pulse in the WHO regimen,
this effect may not be of consequence while treat-
ing reactional erythema nodosum leprosum cases
of leprosy with steroids.

Probenecid has been reported to increase the
plasma concentrations of rifampicin by competing
for hepatic uptake (Kenwright & Levi 1973).

In patients receiving clofazimine 100 to 200mg
daily, it-is not until treatment has continued for
about 50 days that the rate of bacterial killing
matches that at the start of therapy with dapsone
50mg in lepromatous leprosy patients (Levy et al.
1972). However, clofazimine also displays an anti-
inflammatory effect in high doses, and hence is

clinically valuable in controlling erythema no-
dosum leprosum (Browne 1965).

Neither rifampicin nor dapsone diminished the
gastrointestinal absorption of simultaneously ad-
ministered clofazimine (unpublished data). A low-
ering of the clofazimine content of the skin of lep-
rosy patients receiving both clofazimine and
isoniazid has been reported by Venkatesan et al.
(1980). Ramu and Iyer (1976) had earlier observed
that the intensity of skin colour in 10 cases treated
with isoniazid and clofazimine was much less com-
pared with those on clofazimine alone.

When an oral dose of clofazimine 50mg is given .
daily, it is only after 30 days that the concentration
in plasma will come close to steady-state values
and that bioavailability (in terms of AUCg/AUC;)

" will be 4.85 times higher. Lanyi et al. (1987) sug-

gested that slcw accumulation towards the steady-
state could be avoided by giving higher loading
doses at the beginning of the treatment, followed

Table VII. Multiple dose pharmacokinetic parameters (mean + SD/SE) after the last oral dose of dapsone and rifampicin, before
and after addition of clofazimine or prothionamide to dapsone er dapsone plus rifampicin regimen, in leprosy patients

Reference No. of Drug regimen Dapsone Rifampicin
pts tyag C (24h) Ae tyag AUC (0-12h) Ae
(r) (mg/L) (mg) (h) (mg/L+h)  (mg)
Mathur et al. 152 Rifampicin + 18.0 = 2.1 0.86 = 0.10 67.9 = 13.6 3.20 + 0.31 58.6 + 6.3 92.6 = 215
(1986) dapsone ‘
Rifampicin + 19.0 £ 2.1 0.89 = 0.15 704 + 11,5 370 £ 0.31 603 = 5.2 1064 + 244
dapsone + :
prothionamide :
Venkatesan  15b Rifampicin + 18.2 = 1.8 0.89 + 0.10 721 £ 127 313 £ 046 629 + 7.2 971 = 213
et al. (1986) dapsone ) )
’ Rifampicin + 18.4 = 1.5 0.94 + 0.10 648 £ 94 331 + 048 641 + 95 1014 + 248
dapsone )
+ clofazimine .
George et 30° Dapsone + 1.41 % 0.14d
al. clofazimine {1.32 £ 0.12)
(1988)

a  Daily administration of rifampicin 600mg and dapsone 100mg for 7 days, followed by the same drug reglmen plus prothionamide

500mg daily for a further 7 days.

b Drug regimen-as in (a) but clofazimine 100mg replaced prothlonamlde
¢ Dapsone 100mg and clofazimine 100mg (both daily) for 15 days. .

d Mean
Abbreviations: ty,y =

+ SE on the 8th day after oral-dose; plasma concentrations on 15th day are given in parentheses. :
terminat half-life; C (24h) = plasma drug concentration 24 hours post-dose; Ae = 24-hour urinary excretion;

- AUC (0-12h) = area under the concentration-time curve from zero time to 12 hours post-dose.
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by daily administration of the maintenance dose.
However, the findings of Mathur et al. (1985) and

Levy (1974) that increased dosage of clofazimine .

results in increased faecal excretion should be borne

in mind. At present the World Health Organiza-
tion (WHO 1982) recommends a monthly loading

dose of 300mg.

Many clofazimine analogues have bcen tested
for their activity against M. leprae in the mouse
foot pad system, but none has been shown to be
as active as the parent drug itself (Levy 1981). Re-
cently, a few clofazimine analogues have been de-
veloped by O’Sullivan et al. (1988) and these are
active against a clofazimine-resistant M. smeg-
matis strain. These analogues have also been shown
to have growth-inhibitory activity against human-
derived M. leprae in murine macrophage culture.

The pharmacokinetic properties of ethionamide
and prothionamide have been reported to differ
only slightly and without clinical significance (Jen-
ner & Smith 1987). Experimental studies have also
failed to demonstrate any differences in the inhib-
itory ‘and ‘bactericidal activities of these 2 agents
against M. leprae (Colston et al. 1978a), or between
their sulphoxide metabolites which also possess
substantia] antimycobacterial activities (Liber-
mann et al. 1963; Matsuo et al. 1981). Although
larger doses of ethionamide, as used in tuberculosis
treatment, are less well tolerated than prothion-.
amide (Fox et al. 1969), the regularity of intake of
both the thioamides self-administered by leprosy
patients has been reported to be similar at daily
doses of 250mg of either drug (Stanley et al. 1986).
Inclusion of thioamides in treating a leprosy patient
will be dictated by therapeutic necessity, cost,
availability and tolerance of the drug by the patient,
and the past history of treatment with either thi-
acetazone or thioamides, in view of the reported
cross-resistance between ethionamide and either
prothionamide or thiacetazone in M. leprae (Pat-
tyn & Colston 1978) and a probable cross-resist-
ance between thiacetazone and ethionamide or
prothionamide (Ji 1985). It would be advisable not
to use multidrug regimens containing prothion-

"amide or éthionamide in therapy for patients who

previously had been treated with thiacetazone for
more than 2 years.
The effect of companion antileprosy drugs on

'~ the pharmacokinetics of these thioamides is not

known. Prothionamide has not been shown to in-
duece its own metabolism (Peters et al. 1983). A
single dose of prothionamide 500mg results in a
serum drug concentration which will be above its
MIC for 1 day only, thus necessitating the daily
administration of the drug for effective chemo-
therapeutic activity (WHO 1982).

Acknowledgements

The author wishes to thank Dr H. Srinivasan, Direc-
tor of the Leprosy Institute, for his critical review of the
manuscript; Mr Hari Om and Mr Neeraj Dubey for pre-
paring the figures; and Mr Santosh Masih and Mr S.K.
Kulshrestha for typing the manuscript.

References

Acocella G. Clinical pharmacokinetics of rifampicin. Clinical
Pharmacokinetics 3: 108-127, 1978

Acocella G, Conti R, Luisetti M, Pozzi E, Grassi C. Pharmaco-
kinetic studies on antituberculosis regimens in humans. 1. Ab-
sorption and metabolism of the compounds used in the initial
intensive phase of the short course regimens: single adminis-
tration study. American Review of Respiratory Diseases 132:
510-515, 1985

Acocella G, Pagani V, Marchetti M, Baroni GC, Nieolis FB. Ki-
netic studies on rifampicin. 1. Serum concentration analysis
in subjects treated with different oral doses over a period of
two weeks. Chemotherapy (Basel) 16: 356-370, 1971

Ahmad RA, Rogers HJ. Plasma and salivary pharmacokinetics
of dapsone estimated by thin layer chromatographic method.
European Journal of Clinical Pharmacology 17: 129-133, 1980a

Ahmad RA, Rogers HJ. Pharmacokinetics and protein binding
of dapsone and pyrimethamine. British Journal of Clinical
Pharmacology 10: 519-524, 1980b

Alexander JO'D, Young E, McFayden T, Fraser NG Duguid WP,
et al. Absorption and excretion of 35S-dapsone in dermatitis
herpetiformis. British Journal of Dermatology 83: 620-631, 1970

Allen BW, Ellard GA, Gammon PT, King RC, Rees RIW, et al.
The penetration of dapsone, rifampicin, isoniazid and pyra-
zinamide into peripheral nerves. British Journal of Clinical
Pharmacology 55: 151-155, 1975

Balakrishnan S, Desikan KV, Ramu G. Quantitative estimation
of clofazimine in tissues. Leprosy in India 48 (Suppl. 4); 732-
738, 1976

Balakrishnan S, Ramu G. Blood DDS levels and acetylation rates
of sulfadimidine in leprosy patients. Leprosy in India 49: 59-
64, 1977

Balakrishnan S, Seshadri PS. Drug interactions: the influence of



Pharmacokinetic Considerations in Leprosy Treatment

383

rifampicin and clofazimine on the urinary excretion of DDS.
Leprosy in India 53: 17-22, 1981

Banerjee DK, Ellard GA, Gammon PT, Waters MFR. Some ob-
servations on the pharmacology of clofazimine (B 663). Amer-
ican Journal of Tropical Medicine and Hygiene 23; 1110-11135,
1974

Barry VC, Buggle J, Byrne ML, Conalty ML, Winder F. Factors
influencing the anti-tuberculosis activity of the rimino com-
pounds. Bulletin of the International Union against Tuber-
culosis 29: 582-593, 1959

Barry VC, Buggle J, Byrne ML, Conalty ML, Winder F. Absorp-
tion, distribution and retention of riminocompounds in the
experimental animals. Irish Journal of Medical Sciences 410:
345-352, 1960

Bawden D, Tute MS. Structure-activity relationships of anti-my-
cobacterial sulphones: a study using physicochemical con-
stants. European Journal of Medicinal Chemistry 16: 299-300,
1981

Biggs JT, Gordon GR, Peters JH. Disappearance rates and plasma
protein-binding of dapsone (DDS) and monoacetyl dapsone
(MADDS) in animals and man. Federation Proceedings 30:
629, 1971

Boddingius J, Stolz E. Do anti-leprosy drugs reach Mycobacte-
rium leprae in peripheral nerves? Lancet 1: 774-775, 1981

Boman G. Serum concentrations and half-life of rifampicin after
simultaneous oral administration of aminosalicylic acid or iso-
niazid. European Journal of Clinical Pharmacology 7: 217-225,
1974

Boman G, Ringberger V-A. Binding of rifampicin by human
plasma proteins. European Journal of Clinical Pharmacology
7: 369-373, 1974

Browne SG. ‘B 663’-a possible anti-inflammatory action in lep-
romatous leprosy. Leprosy Review 36: 9-11, 1965

Browne SG, Harman DJ, Waudby H, McDougall AC. Clofazim-
ine (Lamprene B 663) in the treatment of lepromatous leprosy
in the United Kingdom: a 12-year review of 31 cases, 1966-
1978. International Journal of Leprosy 49: 167-176, 1981

Byrne J, Conalty ML, Jina A. Laboratory studies on the rimino-
phenazines. Tubercle 50 (Suppl.): 22-28, 1969

Cartel JL, Millan J, Guelpa-Lauras CC, Grosset JH. Hepatitis in
leprosy patients treated by a daily combination of dapsone,
rifampicin and a thioamide. International Journal of Leprosy
51: 461-465, 1983

Chatterjee KR, Poddar RK. Radioactive tracer studies on uptake
of DDS by leprosy patients. Proceedings of the Society for Ex-
perimental Biology and Medicine 94: 122-125, 1957

Colston MJ, Ellard GA, Gammon PT. Drugs for combined

therapy: experimental studies on the anti-leprosy activity of .

ethionamide and prothionamide, a general review. Leprosy
Review 49: 115-126, 1978a

Colston MJ, Hilson GRF. The activity of thiacetazone, thiam-
butosine and thiocarlide in the chemotherapy of experimental
leprosy. International Journal of Leprosy 44: 123-128, 1976

Colston MJ, Hilson GRF, Bannerjee DK. ‘The proportional bac-
tericidal test’: a method for assessing the bactericidal activity
of drugs against Mycobacterium leprae in mice. Leprosy Re-
view 49: 7-15,-1978b )

Conalty ML, Jackson RD. Uptake by reticuloendothelial cells of
riminophenazine B 663. British Journal of Experimental Path-
ology 43: 650-654, 1962

DeGowin RL. A review of therapeutic and hemolytic effects of

dapsone. Archives of Internal Medicine 120: 242-248, 1967

Depasquale G. Rifampicin and isoprodian in combination in the
treatment of leprosy. Leprosy Review 46 (Suppl. 2): 179-180,
1975

Desikan KV, Balakrishnan S. Tissue levels of clofazimine in a
case of leprosy. Leprosy Review 47: 107-114,1976

Ellard GA. Absorption, metabolism and excretion of di(p-ami-
nophenyl! sulphone (dapsone) and di(p-aminophenyl) sulphox-
ide in man. British Journal of Pharmacology 26: 212-217, 1966

Ellard GA. Absorption, metabolism and excretion of pyrazin-
amide in man. Tubercle 50: 144-148, 1969

Ellard GA. Rationale of the multi-drug regimens recommended
by a WHO study group on chemotherapy of leprosy for control
programmes. International Journal of Leprosy 52: 395-401, 1984

Ellard GA, Dickinson JM, Gammon PT, Mitchison DA. Serum
concentrations and antituberculosis activity of thiacetazone.
Tubercle 55: 41-54, 1974

' Faget GH, Pogge RC, Johansen FA, Dinan JF, Prejean VM, et

al. Promin treatment of leprosy. Public Health Reports 58: 1729-
1741, 1943

"Feng PCC, Fenselau CC, Jacobson RR Metabolism of clofazim-

ine in leprosy patients. Drug Metabolism and Disposition 9:
521-524, 1981

Feng PCC, Fenselau CC, Jacobson RR. A new urinary metabolite
of clofazimine in leprosy patients. Drug Metabolism and Dis-
position 10: 286-288, 1982

Fox W, Robinson DK, Tall R, Mitchison DA, Kent PW, et al.
A study of the intolerance to ethionamide, including a com-
parison with prothionamide, and the influence of a vitamin
B-complex additive in prophylaxis. Tubercle 50: 125-143, 1969

Freerksen E. Preliminary experience with combined therapy us-
‘ing rifampicin and isoprodian (L 73 A). Leprosy Review 46
(Suppl. 2): 316, 1975

Furesz S. Chemical and biological properties of rifampicin. An-
tibiotica et Chemotherapia (Basle) 16: 316-319, 1970

Garg SK, Kumar B, Bakaya V, Lal R, Shukla VK, et al. Plasma
dapsone levels in leprotic patients. International Journal of
Clinical Pharmacology, Therapy and Toxicology, 26: 552-554,
1988

Gelber RH, Gooi HC, Rees RIW. The effect of rifampicin on
dapsone metabolism, Proceedings of the Western Pharmaco-
logical Society 18: 330-334, 1975

Gelber RH, Peters JH, Gordon RG, Glazko AJ, Levy L. The
polymorphic acetylation of dapsone in man. Clinical Pharma-
cology and Therapeutics 12: 225-238, 1971

Gelber RH, Rees RJW. Dapsone metabolism in patients with
dapsone-resistant leprosy. American Journal of Tropical Med-
icine and Hygiene 24: 963-967, 1975

George J, Balakrishnan S. Blood dapsone levels in leprosy patients
treated with acedapsone. Indian Journal of Leprosy 58: 401-
406, 1986

George J, Balakrishnan S, Bhatia VN. Drug interactions during |.
multidrug regimens for treatment of leprosy. Indian Journal
of Medical Research 87: 151-156, 1988

Gidoh M, Tsutsumi S. Determination of three main ann—leprosy
drugs and their main metabolites in serum by high perform~
ance liquid chromatography. Journal of Chromatography 223:
379-392, 1981

Glazko AJ, Chang T, Baukema J, Chang SF, Savory A, et al.
Central role of MADDS in the metabolism of DDS. Interna-
tional Journal of Leprosy 37: 462-463, 1969



JOSEPH  GEORGE
Rectangle


Pharmacokinetic Considerations in Leprosy Treatment

384

Glazko AJ, Dill WA, Baukema J, Thompson PE. Metabolic dis-

position of repository sulfone drugs. International Journal of .

Leprosy 36: 511-512, 1968a
Glazko AJ, Dill WA, Montalbo RG, Holmes EL. A new analytical
procedure for dapsone. Application to blood level and urinary

excretion studies in normal men. American Journal of Trop-

ical Medicine and Hygiene 17: 465-473, 1968b
Goodwin CS, Sparell G. Inhibition of dapsone excretion by pro-
‘benecid. Lancet 2: 884-885, 1969

Government of India. Report of the Working Group on the Erad-
ication of Leprosy. Ministry of Health and Family Welfare,
New Delhi, 1982

Grabosz JAJ, Wheate HW. Effect of clofazimine on the urinary
excretion of DDS. International Journal of Leprosy 43: 61-62,
1975

Halmekoski J, Matilla MJ, Mustakallio KK. Metabolism and
haemolytic effect of dapsone and its metabolites in man. Medi-
cal Biology 56: 216-221, 1978

Hocking DR. Neonatal haemolytic disease due to dapsone. Medi-
cal Journal of Australia 1: 1130-1131, 1968

Holmes IB. Minimum inhibitory and bactericidal dosages of rif-
ampicin against Mycobacterium leprae in the mouse foot pad:
relationships to serum concentrations. Intematlonal Journal of
Leprosy 42: 289-296, 1974

Holmes IB, Hilson GRF. The effect of rifampicin and dapsone
on experimental Mycobacterium leprae infections: minimum
inhibitory concentrations and bactericidal action. Journal of
Medical Microbiology 5: 251-261, 1972

Immanuel C, Jayasankar K, Narayana ASL, Sarma GR. Self in-
duction of rifampicin metabolism in man. Indian Journal of
Medical Research 82: 381-387, 1985 .

Jagannathan R, Mahadevan PR. Minimum inhibitory concentra-
tion of drugs against Mycobacterium leprae as determined by
an in vitro assay. Journal of Biosciences 10: 137-144, 1986

Jenner PJ, Ellard GA. High performance liquid chromatographic
determination of ethionamide and prothionamide in body
fluids. Journal of Chromatography 225: 245-251, 1981

Jenner PJ, Ellard GA, Gruer PJK, Aber VR, A comparison of
the blood levels and urinary excretion of ethionamide and pro-
thionarhide in man. Journal of Antimicrobial Chemotherapy
13: 267-277, 1984 '

Jenner PJ, Smith SE. Plasma levels of ethionamide and prothion-
amide in a volunteer following intravenous and oral dosages.
Leprosy Review 58: 31-37, 1987

Ji B. Drug resistance in leprosy - a review. Leprosy Review 56:
265-278, 1985

Ji B, Chen J, Wang C, Xia G. Hepatotoxicity of combined therapy
with rifampicin and daily prothionamide for leprosy Leprosy
Review 55: 283-289, 1984

Jones CR, Ovenell SM. Determination of plasma concentrations
of dapsone, monoacetyl dapsone and pyrimethamine in hu-
man subjects dosed with maloprim. Journal of Chromato-
graphy 163: 179-185, 1979

Jopling WH. Handbook of leprosy, 2nd ed., William Heinemann
Medical Books, London, 1978

Jopling WH. Side effects of anti-leprosy drugs in common use.
Leprosy Review 54: 261-270, 1983

Karim AKMB, Elfellah MS, Evans DAP. Human acetylator po-
lymorphism: estimate of allele frequency in Libya and details
of global distribution. Journal of Medical Genetics 18: 325-
330, 1981

Katoch K, Ramu G. Ramanathan U, Sreévatsa. Pyrazinamide as
a pari of combination therapy for BL-LL patients - a prelim-
inary report. International Journal of Leprosy 56: 1-9, 1988

Kenny MT, Strates B. Metabolism and pharmacokinetics of the
antibiotic rifampicin. Drug Metabolism Reviews 12: 159-218;

© 1981

Kenwright S, Levi AJ. Impairment of hepatic uptake of rifamycin
antibiotics by probenecid and its therapeutic implication. Lancet
2: 1401-1405, 1973

Konno K, Feldmann FM, McDermott W. Pyrazinamide suscep-
tibility and amidase activity of tubercle bacilli. American Re-
view of Respiratory Diseases 95: 461-463, 1967

Kubo E, Fukunishi Y, Matsumoto T. Plasma levels of DDS in
leprosy patients admitted in the National Sanatorium Oshima
Seisho-en. Japanese Journal of Leprosy 52: 29-34, 1983

Lang PG. Sulfones and sulfonamides in dermatology today. Jour-
nal of the American Academy of Dermatology 1: 479-492, 1979

Lammintausta K, Kangas L, Lammintausta R. The pharmaco-
kinetics of dapsone and acetylated dapsone in serum and sa-
liva. International Journal of Clinical Pharmacology and Bio-
pharmacy 17: 159-163, 1979

Lanyi Z, Dieterie W, Dubois JP, Theobald W, Vischer W. Phar-
macokinetics of clofazimine in healthy volunteers. Interna- |
tional Journal of Leprosy 55: 9-15, 1987

* Lanyi Z, Dubois JP. Determination of clofazimine in human

plasma by thin layer chromatography. Journal of Chromato-
graphy 232: 219-223, 1982

Lecaillon JB, Febvre N, Metayer JP, Souppart C. Quanmallve
assay of rifampicin and three of its metabolites in human
plasma, urine and saliva by high performance liquid chro-
matography. Journal of Chromatography 145: 319-324, 1978

Lecaillon JB, Schoeller JP, Humbert G, Febvre N, Juge F. Phar-
macokinetics of rifampicin and three of its metabolites after
single oral doses. In Aiache & Hirtz (Eds) Proceedings of the
Ist European Congress on Biopharmaceutics and Pharmaco-
kinetics, Vol. 2, pp. 258, Clermont-Ferrand, Paris, 1981

Leggat PO. Ethionamide neuropathy. Tubercle 43: 95-96, 1962

Levy L. Pharmacologic studies of clofazimine. American Journal
of Tropical Medicine and Hygiene 23: 1097-1109, 1974

Levy L. Activity of four clofazimine analogues against Mycobac-
terium leprae. Leprosy Review 52: 23-26, 1981

Levy L, Peters JH. Susceptibility of Mycobacterium leprae to dap-
sone as a determinant of patient response to acedapsone. Anti-
microbial Agents and Chemotherapy 9: 102-107, 1976

Levy L, Shepard CC, Fasal P. Clofazimine therapy of leproma-
tous leprosy caused by dapsone-resistant Mycobacterium le-
prae. American Journal of Tropical Medicine and Hygiene 21;
315-321, 1972

Levy L, Shepard CC, Fasal P. The bactericidal effect of rifampicin
on M. leprae in man: (a) single doses of 600, 900 and 1200mg;
and (b) daily doses of 300mg. International Journal of Leprosy
44: 183-187, 1976

Libermann D, Rist N, Grumbach F. Le S-oxyde de I'a-ethylthion-
amide isonicotinique. Comptes Rendus Hebdamadaires des
Séances de I’Académie des Sciences 257: 307-308, 1963

Lowe J. The treatment of leprosy with TBI/698. A report based
on 38 months’ experience. Leprosy Review 25: 186-199, 1954

Maggi N, Furesz S, Pallanza R, Pelizza G. Rifampicin desacet-
ylation in the human orgamsm Arzneimittel-Forschung 19:
651-654, 1969

Mansfield RE. Tissue concentrations of clofazimine (B 663) in



Pharmacokinetic Considerations in Leprosy Treatment

385

man. American Journal of Tropical Medicine and Hygiene 23:
1116-1119, 1974

Mathur A, Venkatesan K, Bharadwaj VP, Ramu G. Evaluation
of effectiveness of clofazimine therapy I. Monitoring of ab-
sorption of clofazimine from gastrointestinal tract. Indian
Journal of Leprosy 57: 146-148, 1985

Mathur A, Venkatesan K, Girdhar BK, Bharadwaj VP, Girdhar
A, et al. A study of drug interactions in leprosy ~ 1. Effect of
simultaneous administration of prothionamide on metabolic
disposition of rifampicin and dapsone. Leprosy Review 57: 33-
37, 1986

Matsuo Y, Tatsukawa H, Murray JF, Peters JH. Prothionamide
and prothionamide S-oxide in experimental leprosy. Interna-
tional Journal of Leprosy 49: 302-306, 1981

McDougall AC, Jones RL. Intra-neural ceroid-like pigment fol-
lowing treatment of lepromatous leprosy with clofazimine (B-
663, Lamprene). Journal of Neurology, Neurosurgery and Psy-
chiatry 44: 116-120, 1981

Mehta J, Gandhi IS, Sane SB, Wamburkar MN. Effect of clofa-
zimine and dapsone on rifampicin (Lositril) pharmacokinetics
in multibacillary and paucibacillary leprosy cases. Indian Jour-
nal of Leprosy 57: 297-310, 1985

Modderman ESM, Mericus FWHM, Zuidema J, Hilbers HW,
Warndorff T. Dapsone levels after oral therapy and weekly oily
injections in Ethiopian leprosy patients. International Journal
of Leprosy 51: 191-196, 1983

Molesworth DB. Discussion on combined therapy. Proceedings
of the Second International Leprosy Colloquium held at For-
schungs Institut, Borstel. Leprosy Review 46 (Suppl. 2): 239,
1975

Morrison NE. Antimycobacterial activity of phenazine com-

pounds. International Journal of Leprosy 40: 219-220, 1972 ~

Morrison NE, Morley GM. Clofazimine binding studies with de-
oxyribonucleic acid. International Journal of Leprosy 44: 475-
481, 1976

Morrison NE, Morley GM. Comparative DNA binding studies
with clofazimine and B 1912. International Journal of Leprosy
45: 188-189, 1977

Murray Jr JF, Gordon GR, Peters JH. A chromatographic-fluo-
rometric procedure for the determination of nanogram quan-
tities of antileprotic sulfones. Journal of Laboratory and Clinical
Medicine 78: 464-471, 1971

O’ Sullivan JF, Conalty ML, Morrison NE. Clofazimine analogues
active against a clofazimine resistant organism. Journal of Me-
dicinal Chemistry 31: 561-572, 1988

Pattyn SR, Colston MJ. Cross-resistance amongst thiambutosine,
thiacetazone, ethionamide and prothionamide with Mycobac-
terium leprae. Leprosy Review 49: 324-326, 1978 .

Pattyn SR, Janssens L, Bourland J, Saylan T, Davies EM, et al.
The Collaborative Study Group for the Treatment of Leprosy.
Hepatotoxicity of the combination of rifampin-ethionamide in
the treatment of multibacillary leprosy. International Journal
of Leprosy 52: 1-6, 1984

Pattyn SR, Portaels F, Van Loo G, Van den Breen L. Activity of
the combination isoniazid, prothionamide and dapsone against,
Mycobacterium leprae and some other mycobacteria, Arz-
neimittel-Forschung 31: 2155-2157, 1981 .

Pawlowska I, Pniewski T. Studies on pharmacokinetics of rif-
ampicin in the body of patients with pulmonary tuberculosis.
Arzneimittel-Forschung 29: 1906-1909, 1979

Peters JH, Gordon GR, Ghoul DC, Tolentine JG, Wa[sh GP et -

al. The disposition of anti-leprosy drug (dapsone) DDS in Phil-
ippine subjects. American Journal of Tropical Medicine and
Hygiene 21: 450-457, 1972

Peters JH, Gordon GR, Karat ABA. Polymorphic acetylation of
the antibacterials, sulfmethazine and dapsone, in South Indian
subjects. American Journal of Tropical Medicine and Hygiene
24: 641-648, 1975

Peters JH, Gordon GR, Murray Jr JF. Disposition of prothion-
amide in rats and armadillos. International Journal of Leprosy
51: 54-63, 1983

Peters JH, Gordon GR, Murray JIr JF, Meyers WH. Metabdl:c
disposition of dapsone in African leprosy patients. Leprosy Re-
view 50: 7-19, 1979

Peters JH, Murray Jr JF, Gordon GR, Gelber RH. Dapsone in
saliva and plasma of man. Pharmacology 22: 162-171, 1981

Peters JH, Murray Jr JF, Gordon GR, Gelber RH, Laing ABG,
et al. Effect of rifampicin on_the disposition of dapsone in.
Malaysian leprosy patients. Federation Proceedings 36 996,
1977

Peters JH, Murray Jr JF, Gordon GR, Jacobson RR. Metabolic-
bacteriologic relationship in the chemotherapy of lepromatous
patients with dapsone or dapsone-rifampin. International
Journal of Leprosy 46: 115-116, 1978

Peters JH, Shepard CC, Gordon GR, Rojas AV, Elizondo DS.
The incidence of dapsone resistance in lepromatous patients
in Costa Rica: their metabolic disposition of DDS. Interna-
tional Journal of Leprosy 44: 143-151, 1976

Pettit JHS, Rees RIW. Studies on sulfone resistance in leprosy:
2 treatment with riminophenazine derivative (B 663). Inter-
national Journal of Leprosy 34: 391-397, 1966

Pieters FAJM, Zuidema J. The absolute oral availability of dap-
sone in dogs and humans. International Journal of Clinical
Pharmacology, Therapy and Toxicology 25: 396-400, 1987

Pilheu JA, Sippel JE. Rifampin concentrations in cerebrospinal
fluid of patients with tuberculous meningitis. American Re-
view of Respiratory Diseases 111; 240-243, 1975

Pines A. Thiacetazone toxicity in British patients. Tubercle 45:
188-191, 1964

Ramu G, Iyer CGS. Side effects of clofazimine therapy. Leprosy
in India 48 (Suppl. 3); 722-731, 1976

Riess W. The optimum dosage schedule for rimactane. In A sym-
posium on rimactane, Basel, 1968, p. 36, Ciba, Basel, 1969

Rocker 1. Rifampicin in early pregnancy. Lancet 2: 48, 1977

Rollier R, Rollier M. Traitement de la lépre lépromateuse par
P’éthionamide. Marocos Medicale 52: 148-166, 1972

Sanders SW, Zone JJ, Foltz RL, Tolman KG, Rollins DE. He-
molytic anaemia induced by dapsone transmitted through breast
milk. Annals of Internal Medicine 96: 465-466, 1982

Schulz EJ. Forty-four months’ experience in the treatment of lep-
rosy with clofazimine [Lamprene (Geigy)]. Leprosy Review 42:
178-187, 1971

Seydel JK. Physico-chemical studies on rifampicin. Antibiotica et
Chemotherapia (Basle) 16: 380-391, 1970

Shepard CC. A kinetic method for the study of activity of drug's
against M. leprae in mice. International Journal of Leprosy 35:
429-435, 1967

' Shepard CC, Chang YT. Activity of anti-tuberculosis drugs against

Mycobacterium leprae. Studies with experimental infection of
mouse foot pads. International Journal of Leprosy 32: 260-271,
1964

" Shepard CC. Combinations in.volving dapsone, rifampicin, clo-



Pharmacokinetic Considerations in Leprosy Treatment

386

fazimine and ethionamide in the treatment of M. leprae in-
fections in mice. International Journal of Leprosy 44: 135-139,
1976

Sielger DI, Bryant M, Burley DM, Citnen KM, Standen SM. Ef-
fect of meals on rifampicin absorption. Lancet 2: 197, 1974

Stanley JNA, Pearson JMH, Ellard GA. Ethionamide, prothion-
amide and thiacetazone self administration - studies of patient
compliance using isoniazid-marked formulations. Leprosy Re-
view 57: 9-18, 1986

Swain AF, Ahmad RA, Rogers HJ, Leonard JN, Fry L. Phar-
macokinetic observations on dapsone in dermatitis herpeti-
formis. British Journal of Dermatology 108: 91-98, 1983

Venkatesan K, Bharadwaj VP, Ramu G, Desikan KV. A study
on drug interactions in leprosy. Leprosy in India 52: 229-235,
1980 .

Venkatesan K, Mathur A, Bharadwaj VP, Ramu G. The effect of
clofazimine treatment on dapsone metabolism in leprosy
patients. International Conference on Clinical Pharmacology
and Therapeutics, Bombay (India), November 20-22, 1987.
Abstract No. FPS 7/8, 1987

Venkatesan K, Mathur A, Girdhar BK, Bharadwaj VP, The effect
of clofazimine on the pharmacokinetics of rifampicin and dap-
sone. Journal of Antimicrobial Chemotherapy 18: 715-718, 1986

Vischer WA. The experimental properties of G30 320 (B 663) ~
a new anti-leprotic agent. Leprosy Review 40: 107-110, 1969

‘Warndorff-van Diepen T. Clofazimine resistant leprosy — a case
report. International Journal of Leprosy 50: 139-142, 1982

Waters MFR. G30,320 or B 663, Lampren (Geigy): a working
party held in London in September 1968. Leprosy Review 40;
21-47, 1969

‘Webb AH. A thiacetazone toxicity trial in Sarawak. New Zealand
Medical Journal 78: 409-412, 1973

Weber WW, Hein DW. Clinical pharmacokinetics of isoniazid.
Clinical Pharmacokinetics 4: 401-422, 1979

WHO. Expert Committee on Leprosy. Fifth report. Technical Re-
port Series 607, 1977 )

WHO. Chemotherapy for leprosy control programs. Report of a
WHO study group. Technical Report Series 675, 1982

Yu T, Berger L, Stone DJ, Wolf J, Gutman AB. Effect of pyra-
zinamide and pyrazinoic acid on urate clearance and other dis-
crete renal functions. Proceedings of the Society for Experi-
mental Biology and Medicine 96: 264-268, 1957

Zuidema J, Modderman ESM, Merkus FWHM. Clinical phar-
macokinetics of dapsone. Clinical Pharmacokinetics 11: 299-
315,.1986

Zuidema J, Modderman ESM, Merkus FWHM, Hilbers HW. The
intramuscular injection of monoacety! dapsone. Proceedings
of the Second International Congress on Biopharmaceuticals
and Pharmacokinetics, pp. 240-249, 1984

Zuidema J, Van Ginneken CAM. Clearance concept in salivary
drug excretion. Part I. Theory. Pharmaceutica Acta Helvetiae
58: 88-93, 1983a

- Zuidema J, Van Ginneken CAM. Clearance concept in salivary |

drug excretion. Part II. Experiments. Pharmaceutica Acta Hel-
vetiae 58: 136-143, 1983b

Author’s address: Dr. K. Venkatesan, Central JALMA Institute
for Leprosy (Indian Council of Medical Research), Taj Ganj, Agra
282001 (India).





