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A B S T R A C T

Leprosy is a chronic infectious disease caused my Mycobacterium leprae that primarily affects peripheral nervous
system and extremities and is prevalent in tropical countries. Treatment for leprosy with multidrug regimens is
very effective compared to monotherapy especially in multibacillary cases. The three major antileprosy drugs
currently in use are 4, 4′-diaminodiphenyl sulfone (DDS, dapsone), rifampicin, and clofazimine. During multi-
drug therapy, the potent antibiotic rifampicin induces the metabolism of dapsone, which results in decreased
plasma half-life of dapsone and its metabolites. Furthermore, rifampicin induces its own metabolism and de-
creases its half-life during monotherapy. Rifampicin upregulates several hepatic microsomal drug-metabolizing
enzymes, especially cytochrome P450 (CYP) family that in turn induce the metabolism of dapsone. Clofazimine
lacks significant induction of any drug-metabolizing enzyme including CYP family and does not interact with
dapsone metabolism. Rifampicin does not induce clofazimine metabolism during combination treatment.
Administration of dapsone in the acetylated form (acedapsone) can release the drug slowly into circulation up to
75 days and could be useful for the effective treatment of paucibacillary cases along with rifampicin. This review
summarizes the major aspects of antileprosy drug metabolism and drug interactions and the role of cytochrome
P450 family of drug metabolizing enzymes, especially CYP3A4 during multidrug regimens for the treatment of
leprosy.

1. Introduction

Leprosy is a chronic disease and is prevalent in tropical countries,
especially in India, Philippines, and Brazil, and poses a public health
problem [1]. It was first identified and reported by a Norwegian phy-
sician G.A. Hansen in 1873 and since then it is also known as “Hansen's
disease” [2]. Leprosy is a contagious disease, but its morbidity is low
because a large portion of the population is naturally resistant to the
disease [3]. It is transmitted by close and prolonged contact through
inhalation of the bacilli present in nasal secretion or through skin
erosions [3–4]. Diagnosis of leprosy is based on clinical examination,
bacilloscopy, and histopathology [5]. Early diagnosis and treatment are
very important to prevent transmission and for a complete curative
therapy without deformities.

Leprosy is caused by a rod-shaped slow-growing acid-fast aerobic
bacteria called Mycobacterium leprae (M. leprae). Recently, another
species named Mycobacterium lepromatosis has been reported [6–8]. It
causes diffuse lepromatous leprosy (DL), a unique form of leprosy en-
demic in Mexico [9]. Lately, a case of diffuse lepromatous leprosy with
Lucio phenomenon was reported from India [10]. They have identified
the causative agent as M. leprae and not M. lepromatosis using

polymerase chain reaction. M. leprae primarily infects histiocytes (non-
motile tissue macrophages) in the dermis and Schwann cells in the
peripheral nerves. It may take up to 5–20 years to develop the clinical
symptoms after the initial infection, which depends on the type of le-
prosy [11]. During this period, the bacillus silently multiply in the in-
fected areas and destroy most portions of peripheral nervous system
[12]. This could result in decrease or loss of sensitively and may destroy
parts of extremities due to repeated injuries and unnoticed wounds.

The biochemical and molecular properties of M. leprae are not yet
clear owing to the uncultivable nature of the bacterium. Due to ex-
tensive loss of genes necessary for independent growth, M. leprae and
M. lepromatosis are obligate intracellular pathogens and uncultivable in
the laboratory [13]. The first full genome sequence of M. leprae com-
pleted in 2001, which revealed that only half of the small genome
contains protein-coding genes, while the remaining portion consists of
pseudogenes and non-coding regions [14]. Many of the M. leprae
pseudogenes are the result of stop codon insertions that could be hap-
pened by the dysfunction of sigma factors or the insertion of repetitive
sequences derived from transposons [15–16]. It is estimated that M.
leprae has lost approximately 2000 genes from its genome [14]. M. le-
prae can only grow as a parasite in animals with lower body
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temperature, such as nine-banded armadillos, footpads of im-
munocompromised mice, or the extremities of a human body [17–18].
The loss of genes involved in vital metabolic pathways such as energy
metabolism, limiting the carbon sources the bacteria can use, and in-
terruption in respiration pathways could explain the uncultivable
nature of M. leprae [19]. The complex and unique cell wall of M. leprae
made up of peptidoglycan, arabinogalactan, and mycolic acid that are
covalently linked and difficult to destroy could be one of the reasons for
extremely slow replication rate [20–21].

2. Classification of leprosy

The World Health Organization (WHO) distinguishes leprosy into
two classes only for the purpose of treatment regimens as “paucibacil-
lary” (no bacteria on skin smears else five or fewer lesions) and “mul-
tibacillary” (presence of bacteria on any smear else more than five le-
sions) based upon proliferation of bacteria and skin lesion count
[22–23].

Another more widely accepted classification of leprosy for clinical
studies and research purposes is Ridley-Jopling scale [24]. They pos-
tulated leprosy into five classes viz TT, BT, BB, BL, and LL based on an
expression of resistance to the infection or the patient's immunological
status on lepromin test. They also stated about a group named in-
determinate type, which is purely macular condition where plaques and
nodules never occur. The diagnosis of this group is originally discussed
by Currie [25]. Another class of leprosy named diffuse lepromatous
leprosy or diffuse leprosy (DL) caused by M. lepromatosis is also added
in the group. Diffuse leprosy could also be caused by M. leprae.
Therefore, at present leprosy could be classified into 7 groups on a scale
increasing severity of the disease.

The classification of leprosy is also depends on bacterial index (BI)
on a skin smear [26]. The BI is an expression of the extent of bacillary
load in the patient. It is calculated by counting six to eight stained
smears under 100x oil immersion lens prepared with Ziehl-Neelsen
method. The results are expressed on a logarithmic scale as follows: 1+
at least 1 bacillus in every 100 fields; 2+ at least 1 bacillus in every 10
fields; 3+ at least 1 bacillus in every field; 4+ at least 10 bacilli in
every field; 5+ at least 100 bacilli in every field; 6+ at least 1000
bacilli in every field.

2.1. Indeterminate leprosy (IL)

Indeterminate type is a pure macular condition where plaques and
nodules never occur. The macules are usually hypopigmented and few
in number and slight impairment of sensation may be present [24].
Indeterminate leprosy is more predominant in Brazil [27–28]. The le-
sions may sometime heal by themselves or could progress to a more
severe type.

2.2. Tuberculoid leprosy (TT)

Tuberculoid leprosy is characterized by solitary skin lesions that are
asymmetrically distributed with clear demarcated edges [29].This is the
mild type of leprosy and it occurs in hosts with strong cellular im-
munity. The classic lesion is a large erythematous plaque with a sharply
raised outer edge, which slopes gradually toward a flattened center
with reduced sensation and alopecia. A thickened peripheral nerve
could be palpable around a lesion, and the thickening may be gross and
irregular. Tuberculoid leprosy could heal spontaneously or may pro-
gress to a more severe form.

2.3. Borderline tuberculoid leprosy (BT)

Borderline tuberculoid leprosy is similar to tuberculoid type except
that the skin lesions are smaller and more numerous. Satellite lesions
are frequent near the larger lesions or presence of finger like projections

from the edges of the plaques or macules into the normal skin [30].
Lesions may vary in size, shape, and color in the same patient from
hypochromic to reddish. The BI varies from negative to 2+ positive
[26]. Borderline tuberculoid is “low resistant tuberculoid leprosy” and
could revert to tuberculoid or advance to severe form.

2.4. Borderline borderline leprosy (BB)

Borderline leprosy is characterized with numerous skin lesions that
are irregularly shaped reddish plaques [31]. The lesions are inter-
mediate in number and size between tuberculoid and lepromatous le-
prosy and depict a moderate degree of numbness. Borderline leprosy is
rare and could move rapidly to tuberculoid or lepromatous type. The BI
is usually strongly positive (2+ to 4+).

2.5. Borderline lepromatous leprosy (BL)

Borderline lepromatous leprosy is with numerous, disseminated
symmetrically distributed skin lesions, raised bumps, plaques, and no-
dules [32]. The lesion edges are irregular and invade into normal skin.
Type 1 and type 2 leprosy reactions are frequently present [33]. Ob-
vious lepromatous features such as madarosis, keratitis, nasal ulcera-
tion, saddle-nose deformity, and leonine facies are absent. Bacterial
index is strongly positive in all cases.

2.6. Lepromatous leprosy (LL)

Lepromatous leprosy is due to the failure of the activation of T1
helper cells, which is necessary to destroy M. leprae on infection
[34–35]. Since cell-mediated immunity is absent in lepromatous le-
prosy, M. leprae proliferates freely and results in widespread systemic
disease. The initial skin lesions are erythematous or hypopigmented
disseminated small pale macules with poorly defined borders and large
number of bacilli [36]. The progressive infiltration of the face makes
skin folds more evident giving a typical clinical aspect known as facies
leonina. Loss of eyebrows, beginning from the external part results in
madarosis. Leproma, a mass of histiocytes containing large quantities of
M. leprae, forms in the peripheral nerves, eyes and lymph nodes. As the
disease progresses, peripheral nerves may be enlarged and impairment
of sensation may occur on hands, feet and other involved areas with
deformities.

2.7. Diffuse lepromatous leprosy (DL)

Diffuse lepromatous leprosy is a clinical variation of lepromatous
leprosy and is first described by Lucio and Alvarado in 1852 and re-
identified by Latapí in 1936 [37]. It is common in Mexico (23% leprosy
cases) and in Costa Rica and almost absent in other countries. It is
characterized by a diffuse infiltration of the disease throughout the
skin, which never transforms into nodules, a complete alopecia of
eyebrows and eyelashes as well as body hair, an anhydrotic and dys-
esthesic zones of the skin, and a peculiar type of lepra reaction named
Lucio's phenomenon or necrotic erythema [38]. Recently, cases of dif-
fuse lepromatous leprosy with Lucio's phenomenon caused by M. leprae
were also reported from India [10,39].

2.8. Treatment for leprosy

The treatment for leprosy depends on whether the patient belongs
to paucibacillary or multibacillary group [22,40–41]. In places where
facilities for bacteriological examination of skin smears are not avail-
able, patients with five or less (≤5) poorly pigmented lesions are
classified as paucibacillary and patients with more than five (>5) le-
sions as multibacillary leprosy. Places where skin smear facilities are
available, patients showing negative smears at all sites are grouped as
paucibacillary and those showing positive smears at any site are
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grouped as multibacillary. Paucibacillary group is considered as non-
infectious and positive for lepromin test, while multibacillary group is
infectious and negative for lepromin test.

Leprosy is treated with a combination of drugs including strong
antibiotics [42]. This strategy helps to prevent the development of drug
resistance by M. leprae, which is a common problem during long-term
treatment. Since M. leprae preferably invades the Schwann cells that
surround peripheral axons, if left untreated, the nerve damage can re-
sult in paralysis and crippling of hands and feet. Therefore, early di-
agnosis and timely treatment is very important to prevent permanent
nerve damage and paralysis. Even though, multidrug regimens kill the
bacteria and cure the disease, the treatment does not reverse nerve
damage or physical deformities that occurred before the diagnosis.

3. Antileprosy drugs currently in use

The three major antileprosy drugs currently in use are diaminodi-
phenyl sulfone (dapsone), rifampicin, and clofazimine. These three are
the first-line antileprosy drugs effectively used in the treatment of le-
prosy for several decades. Rifampicin is also used as the first-line drug
for the treatment of tuberculosis.

3.1. Diaminodiphenyl sulfone (dapsone, DDS)

Diaminodiphenyl sulfone (dapsone) was first synthesized by Fromm
and Wittmann in 1908 [43]. Its chemical structure is illustrated in
Fig. 1A. It was first introduced for the treatment of leprosy in 1940′s by
Cochrane and Muir in India and Dove and Davey in Nigeria [44]. In-
gestion of one tablet of 100 mg gives a peak blood level 500–600 fold
higher than the minimal inhibitory concentration (MIC) against M. le-
prae [45]. Dapsone inhibits the synthesis of dihydrofolic acid in bacteria
in competition with para-aminobenzoic acid for the active site of the
enzyme dihydropteroate synthase [46]. Several proven cases of M. le-
prae resistance to dapsone were reported in late 1950′s and early 60′s
[47–48]. Missense mutations at codon 53 (ACC) or 55 (CCC) coding
threonine or proline in folP1 is responsible for dapsone resistance
[49–50]. The development of mouse footpad assay by Shepard in 1960
provided great opportunity for the study of antileprosy drugs and drug

resistance [51]. The introduction of potent antibiotics rifampicin and
clofazimine and multidrug regimens for the treatment of leprosy solved
the problem of bacterial resistance to dapsone.

3.1.1. Acedapsone
Acedapsone (4,4′-diacetyldiaminodiphenyl sulfone) is a long-acting

intramuscular repository derivative of dapsone (Fig. 1B). It was first
synthesized and purified by Ernest Fourneau and his colleagues of
Pasteur Institute in 1937 [52]. Recently, its physical and chemical
properties have been studied extensively [53]. Acedapsone possesses
little activity against M. leprae, but it metabolizes into active dapsone.
The half-life of acedapsone is 46 days, and that of the derived dapsone
is 43 days [54]. The potent antileprosy activity of acedapsone was first
demonstrated by Shepard in 1967 [55]. Later, Shepard et al [56] ob-
served that a standard intramuscular dose of 225 mg of repository
acedapsone in 1.5 ml suspension releases dapsone at a rate of ap-
proximately 2.4 mg/day. They noticed that the corresponding serum
concentration of dapsone was 60 ng/ml, which is about 20-fold higher
than the MIC of dapsone (3 ng/ml). We have observed that a single
intramuscular injection of 225 mg acedapsone in 1.5 ml suspension of
castor oil and benzylbenzoate released a mean concentration of
14.76 ng dapsone/ml plasma on day 75 in a cohort of 15 patients,
which was 5-fold higher than the MIC of the drug against M. leprae
[57]. The lowest dapsone level observed on day 75 in a single patient
following acedapsone injection was 8.4 ng/ml plasma, which is around
3-fold higher than the MIC of dapsone againstM. leprae. The mean peak
dapsone level (85.36 ± 7.12 ng/ml plasma) was observed on day 7
following acedapsone injections [57].

3.1.2. Advantages of acedapsone over dapsone
Acedapsone (Hansolar, DADDS) is a diacetyl derivative of dapsone.

An advantage of a single intramuscular injection of acedapsone over
daily intake of dapsone tablet is that the patient could avoid the burden
of daily drug intake for the chronic disease and can maintain the cir-
culating drug level against M. leprae for long periods. This is especially
useful in paucibacillary cases. A 300 mg intramuscular dose of ace-
dapsone maintains blood dapsone levels well above the inhibitory
concentration against M. leprae for approximately 100 days [58]. The

Fig. 1. Chemical structure of (A) 4,4′-diacetyldiaminodiphenyl sulfone (DDS, Dapsone), (B) diacetyl diacetyldiaminodiphenyl sulfone (DADDS, Acedapsone), (C)
Rifampicin, and (D) Clofazimine (Lamprene).
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usual treatment regimen is five intramuscular injections per year at a
dose of 225 mg of DADDS in 1.5 ml suspension of castor oil and ben-
zylbenzoate [59]. The patient, doctor, and the associated technical staff
need not worry about missing dose of the drug and related adverse
events.

3.1.3. Metabolism of dapsone
About 80–85% of orally administered dapsone is absorbed slowly

from the gastrointestinal tract and uniformly distributed to all tissues
including muscles, liver, and kidneys and it crosses both blood–brain
and placental barriers [60]. After gastrointestinal absorption, dapsone
is transported to liver though portal circulation and is metabolized
through acetylation or N-hydroxylation. The major metabolic pathways
of dapsone are presented in Fig. 2. Dapsone is acetylated into mono-
acetyl and diacetyl dapsone (MADDS and DADDS) and the rate of
acetylation depends on the acetylator phenotypes [61]. The acetylated
dapsone could deacetylate into dapsone or excreted through urine, di-
rectly or after conjugated as N-glucuronides and N-sulphates [62]. The
N-hydroxylation of dapsone by cytochrome P-450 enzymes, especially
CYP2D6, 2B6, 3A4, and C19 yields hydroxylamines, a potentially toxic
metabolite [63]. Dapsone metabolites produced by CYP2C19 isozyme
could lead to methemoglobinemia, a condition caused by elevated le-
vels of methemoglobin in the blood [64–65]. Most of the dapsone hy-
droxylamines formed are converted to glucuronides and excreted
through urine [66]. One of the reasons of elevated β-glucuronidase
levels in leprosy patients treated dapsone could be related to the in-
creased glucuronide production during dapsone metabolism [67].

3.1.4. Methods for determination of dapsone and its metabolites in
biological samples

The best method for accurate determination of dapsone (DDS) and
its metabolites, monoacetyl dapsone (MADDS) and diacetyl dapsone
(DADDS) is high performance liquid chromatography (HPLC) [68].
Dapsone along with its metabolites should be extracted from biological
samples such as plasma and urine using HPLC grade acetonitrile. The
second best and accurate method for determination of DDS, MADDS,
and DADDS in human plasma and urine is spectrofluorimetry [69–70].
Another routine quantitative technique for estimation of dapsone (total
acid labile metabolites) is colorimetric or spectrophotometric method
[71]. The other sensitive methods for determination of dapsone,

especially in urine samples are enzyme linked immunosorbent assay
(ELISA) and tile test [72]. Additional methods for semiquantitative
determination of dapsone in urines samples are haemagglutination in-
hibition (HI) test and paper spot test [73]. The simple paper spot test is
especially useful to monitor patients compliance in field conditions.

3.2. Rifampicin

Rifampicin is a potent antibiotic employed for the treatment of several
types of bacterial infections especially Mycobacterium tuberculosis and M.
leprae. Rifampicin is produced by the gram-positive bacteria Amycolatopsis
rifamycinica [74]. The chemical structure of rifampicin is depicted in
Fig. 1C (Mol wt 822.94). Rifampicin inhibits bacterial DNA-dependent
RNA polymerase that catalyzes the transcription of RNA from a DNA
template [75]. It prevents formation of mRNA by physically blocking RNA
elongation and thus synthesis of bacterial proteins. Crystal structure and
biochemical data indicate that rifampicin binds to the RNA polymerase β-
subunit within the DNA/RNA channel, but away from the active site [76].
A single 600 mg dose of rifampicin can reduce the number of viable bacilli
to undetectable levels within a few days, with killing rates measured in
excess of 99.9% after 1 month [77–78]. Mutations in the rpoB gene, which
encodes the β-subunit of RNA polymerase, alter residues of the rifampicin-
binding site on bacterial RNA polymerase resulting high-level resistance to
rifampicin in M. leprae [79]. Rifampicin resistant strains of M. leprae with
missense mutations (a change in single nucleotide in a codon) in the rpoB
gene were observed among leprosy patients in Southern India [80]. Xpert
MTB/RIF assay, a nucleic acid amplification test (NAAT), can detect ri-
fampicin resistance in Mycobacterium tuberculosis and diagnose tubercu-
losis rapidly [81]. The mechanism of rifampicin resistance has been re-
cently reviewed [82–83]. Despite development of bacterial resistance,
rifampicin serves as the most potent and powerful drug against M. leprae.

3.2.1. Metabolism of rifampicin
After oral administration on an empty stomach, rifampicin is

quickly absorbed from the gastrointestinal tract almost completely. A
single dose of 600 mg rifampicin produces a peak serum concentration
of about 10 μg/ml at around 2 h. The plasma half-life of rifampicin for
600 mg dose is around 2.5 h, which is highly influenced by hepatic
microsomal enzymes [84]. After absorption, rifampicin is distributed
throughout the body, and effective drug concentrations are attained in

Fig. 2. The major metabolic pathways of orally in-
gested dapsone. After reaching in the liver, dapsone
is metabolized either by N-hydroxylation to produce
toxic hydroxylamines or by acetylation to produce
nontoxic acetylated dapsone, which includes
monoacetyl dapsone (MADDS) and diacetyl dapsone
(DADDS). Cytochrome P450 2C19 (CYP2C19) is
mainly responsible for the generation of dapsone
hydroxylamine which could lead to methemoglobi-
nemia. Both hydroxylated and non-hydroxylated
dapsones conjugate with glucuronides and excreted
through urine.
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most organs and body fluids, including the cerebrospinal fluid. About
60% to 90% of the drug is bound to plasma proteins [85]. Rifampicin is
the most powerful inducer of the hepatic cytochrome P450 enzyme
system, including isoenzymes CYP2B6, CYP2C8, CYP2C9, CYP2C19,
CYP3A4, CYP3A5, and CYP3A7 [86]. Rifampicin accelerates its own
metabolism due to the induction of own metabolizing enzymes [87,88].
Rifampicin induces the metabolism of many drugs including dapsone
and consequently they became less effective by decreasing their plasma
half-life. We have observed that the plasma levels of dapsone decreases
during daily concurrent administration of 600 mg rifampicin during
multidrug regimes for treatment of leprosy with a decrease of more
than 70% on day 15 at 24 h after the dose [71]. An 80-fold induction of
CYP3A4 was observed in cultured primary human hepatocytes after
treatment with rifampicin, which was dose dependent [89]. Rifampicin
causes proliferation of smooth endoplasmic reticulum of hepatocytes
probably due to the extensive induction drug metabolizing enzymes,
especially the cytochrome P450 family present on hepatic microsomes
[90].

3.2.2. Methods for determination of rifampicin in biological fluids
The simple and easy method for quantitative measurement of ri-

fampicin in plasma and urine samples is spectrophotometric method
[91]. Another best method for semi-quantitative determination of ri-
fampicin in serum or urine samples is microbiological assay using
Staphylococcus aureus (NCTC 10702) [92]. We have compared and
evaluated microbiological assay and simple spectrophotometric method
for determination of rifampicin in biological samples [93]. Rifampicin
and three of its metabolites 25-desacetylrifampicin, 3- formylrifamycin
SV, and 3-formyl-25-desacetylrifamycin SV in human plasma, urine and
saliva could be accurately determined by high-performance liquid
chromatography [94]. A rapid and sensitive liquid chromatography-
mass spectrometry method was developed for the quantitative estima-
tion of rifampicin in plasma after one-step extraction using ethyl acetate
[95]. This technique would be very useful for the study of rifampicin
metabolism and drug interactions in plasma samples.

3.3. Clofazimine

Clofazimine ([3-(p-chloroanilino-10-(p-chlorophenyl))-2, 10-di-
hydro-2-isopropylimino-phenazine, Mol wt 473.41) is a synthetic phe-
nazine dye. The chemical structure of clofazimine is depicted in Fig. 1D.
Clofazimine is used for the treatment of leprosy in combination with
rifampicin and dapsone especially for multibacillary cases and er-
ythema nodosum leprosum [96,97]. It is marketed in the brand name
Lamprene by Novartis Pharmaceuticals. Clofazimine was initially
known as B663 and was first synthesized in 1954 by a team of scientists
at Trinity College, Dublin, UK. Clofazimine binds to the guanine bases
of bacterial DNA templates, blocks DNA replication, and thus inhibits
bacterial cell proliferation [98,99]. It was demonstrated that clofazi-
mine attenuates antigen-induced Ca(2+) oscillations, suppress cyto-
kine release, and prevent skin graft rejection by inhibiting Kv 1.3
channels with high potency and selectivity [100]. The common side
effects of clofazimine are abdominal pain, diarrhea, itchiness, dry skin,
and skin coloration. Clofazimine produces pink to brownish skin pig-
mentation in almost all patients within a few weeks and similar dis-
coloration of most bodily fluids and secretions [101].

3.3.1. Metabolism of clofazimine
After intake, about 45–70% of clofazimine is absorbed from the

gastrointestinal tract when clofazimine is administered as capsules
containing a microcrystalline (micronized) suspension [102]. The ab-
sorption is depending on whether the drug is taken with or without food
and better absorption was observed along with a protein rich diet
[103]. The drug is highly lipophilic and is mainly distributed among
fatty tissue and cells of the reticuloendothelial system through macro-
phages. A peak plasma concentration of 407.6 ng/g clofazimine was

occurred between 4 and 8 h after a single oral dose of 200 mg of the
drug taken 10 min after breakfast [104]. Clofazimine accumulates in
high concentrations in the mesenteric lymph nodes, adipose tissue,
adrenals, liver, lungs, gallbladder, bile, and spleen [104]. The biological
half-life of clofazimine is about 70 days in human, a calculated value
based on the urinary excretion of the drug [105,106]. No other data are
available regarding half-life of clofazimine in human. In experimental
mouse model of tuberculosis, the half-life of clofazimine in the serum
has increased from 1.45 to 8.19 weeks when the duration of adminis-
tration increased from 4 to 20 weeks [107].

Excretion of clofazimine is a very slow process and the drug accu-
mulates in several human tissues and produce skin discoloration and
pigmentation [108]. Clofazimine is excreted through urine, fecal
matter, and breast milk. A substantial portion of the unchanged drug is
excreted in feces [105]. A mean concentration of 1.33 µg/ml clofazi-
mine was reported in breast milk after taking the drug either 50 mg
daily or 100 mg on alternate days for a period of 1–18 months [109].
The metabolic pathways of clofazimine and urinary excretion of three
major metabolites are presented in Fig. 3. The three major metabolites
of clofazimine detected in patients urine employing mass spectrometry
are unconjugated 3-(p-hydroxyanilino)-10-(p-chlorophenyl)-2,10-di-
hydro-2-isopropyl-iminophenazine (metabolite I), β-D-glucopyr-
anosiduronic acid conjugated 3-(hydroxy)-10-(p-chlorophenyl)-2,10-
dihydro-2-isopropyl-iminophenazine (metabolite II), and 3-(p-chlor-
oanilino)-10-(p-chlorophenyl)-4,10-dihydro-4-hydorxy-2-isopropyl-
iminophenazine (metabolite III) [110,111]. These metabolites appeared
in urine within 24 h after administration of a single dose of 300 mg
clofazimine [106]. A significant inhibitory effect of clofazimine was
observed on the major drug-metabolizing enzyme CYP3A4 [112]. This
would be beneficial during concurrent administration of clofazimine
and rifampicin in order to reduce the metabolic degradation of ri-
fampicin and prolonged plasma levels of the drug. Concurrent admin-
istration of clofazimine with dapsone does not exert any significant
influence on plasma half-life or urinary excretion of dapsone [71,113].

3.3.2. Methods for determination of clofazimine in biological fluids
The simple method for determination clofazimine in biological

samples is colorimetric method [108]. However, the technique is not
sensitive enough for routine determination of clofazimine levels in
plasma and urine samples. Peters et al [114] developed high-perfor-
mance liquid chromatographic (HPLC) technique for determination of
clofazimine in plasma samples with a sensitivity 10 ng/ml after ex-
traction into organic solvents. Later, rapid and simple HPLC methods
were developed for accurate measurement of clofazimine in patients
samples [115,116]. Recently, various analytical methods including
spectrophotometry, different chromatographic methods, and mass
spectrometry for estimation of clofazimine in biological samples and
pharmaceutical formulations were critically reviewed [117].

4. Multidrug regimen for leprosy

Since treatment of leprosy with only one antileprosy drug (mono-
therapy) could always result in development of drug resistance, mul-
tidrug therapy (MDT) was introduced by World Health Organization
(WHO) for the treatment of leprosy in all endemic countries since 1995.
Multidrug therapy has the advantage of targeting M. leprae in multiple
ways for a quick response. The drugs used in multidrug therapy are
combination of dapsone, rifampicin, and clofazimine for multibacillary
cases and dapsone and rifampicin for paucibacillary patients. Since ri-
fampicin is the most potent antileprosy drug, it is included for the
treatment of both types of leprosy. The standard multidrug regimen for
multibacillary leprosy is dapsone 100 mg daily, rifampicin 600 mg once
in a month, and clofazimine 50 mg daily and 300 mg once a month for a
period of 12 months. The standard multidrug regimen for paucibacil-
lary leprosy is dapsone 100 mg daily and rifampicin 600 mg once a
month for a period of six months. The above treatment regimen and
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duration is enough to cure multibacillary and paucibacillary cases, re-
spectively. In periods before 1995, the multidrug treatment regimen for
multibacillary leprosy patients continued for several years that caused
various side effects. It was observed that multibacillary leprosy patients
who had undergone treatment with multidrug regimens viz. dapsone,
rifampicin, and clofazimine for a period of 2–5 years developed thyr-
oglobulin autoantibodies in serum [118,119].

5. Drug interactions during multidrug regimens

It is well established that there is drug-drug interactions during
multidrug regimens for the treatment of leprosy [120,121]. Rifampicin,
the most potent antileprosy drug is the culprit. This is one of the reasons
that rifampicin is administered only once in a month under the WHO-
MDT program for the treatment of leprosy. Rifampicin is a potent in-
ducer of hepatic drug metabolizing enzymes, as evidenced by pro-
liferation of smooth endoplasmic reticulum and increase of cytochrome
P450 content in the liver [122]. We have noticed that during con-
current administration of dapsone and rifampicin for the treatment of
leprosy, the metabolism of dapsone is enhanced by rifampicin, which
resulted in decreased half-life of dapsone [71]. When 100 mg dapsone
and 600 mg rifampicin were administered daily for 15 days on a cohort
of 30 patients, the mean plasma level of dapsone at 6 h after admin-
istration of the drugs was reduced from 2.45 μg/ml on day 2 to 1.15 μg/
ml on day 15. Similarly, the mean dapsone level at 24 h was 1.43 μg/ml

and 0.44 μg/ml, respectively. A comparative increased urinary excre-
tion of dapsone metabolites was also observed [71,121]. There was no
such influence on the plasma levels of dapsone during combination
treatment with clofazimine [71,121]. Potent drug interaction was not
reported during concurrent administration of rifampicin and clofazi-
mine for the treatment of leprosy.

6. Molecular mechanism of reduced half-life of dapsone during
concurrent administration with rifampicin

It was demonstrated that rifampicin is the most potent inducer of
cytochrome P450 (CYP) family of hepatic microsomal drug metabo-
lizing enzymes, including isoenzymes CYP2B6, CYP2C8, CYP2C9,
CYP2C19, CYP3A4, and CYP3A5 [123,124]. Among these, CYP3A4
depicted the highest level of induction up to 55 fold [124,125]. Cyto-
chrome P450 3A4 (CYP3A4) catalyses the metabolism of more than
30% of all clinically used small molecule drugs [126]. Rifampicin in-
duces both intestinal and hepatic CYP3A4 and the induction of in-
testinal CYP3A4 was almost double than that of hepatic CYP3A4 [126].
Oral daily administration of 600 mg rifampicin for more than 10 days
resulted in maximum induction of hepatic CYP3A4 [126]. This is the
reason that rifampicin induces its own metabolism during rifampicin
monotherapy [120,127,128]. The plasma half-life of rifampicin will
reduce gradually and significantly after daily oral administration of the
drug for 10 days. Dapsone is also metabolized by CYP subfamily of drug

Fig. 3. The three major urinary metabolites of clofazimine in human. Metabolite I: 3-(p-hydroxyanilino)-10-(p-chlorophenyl)-2,10-dihydro-2-isopropyl-iminophe-
nazine. Metabolite II: 3-(hydroxy)-10-(p-chlorophenyl)-2,10-dihydro-2-isopropyl-iminophenazine. Metabolite III: 3-(p-chloroanilino)-10-(p-chlorophenyl)-4,10-di-
hydro-4-hydorxy-2-isopropyl-iminophenazine. Metabolite I is excreted in urine in free form, while metabolites II and III are excreted after conjugation to β-D-
glucopyranosiduronic acid.
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metabolizing enzymes, specifically isozymes CYP2D6, CYP2B6,
CYP3A4, and CYP2C19 [63,129]. However, dapsone does not induce or
upregulates any of these enzymes and thus do not affect the metabolic
degradation or half-life of dapsone during monotherapy. We have ob-
served that the plasma half-life of dapsone has been reduced more than
3-fold after combined treatment of 100 mg dapsone and 600 mg ri-
fampicin for 15 consecutive days [71].

Fig. 4 depicts schematic presentation of the mechanism of decreased
plasma half-life of dapsone during concurrent administration with ri-
fampicin and the auto-induction of rifampicin metabolism. Upon ab-
sorption, rifampicin binds to the nuclear pregnane X receptor (PXR).
The activated PXR complex forms a heterodimer with the retinoid X re-
ceptor (RXR) which in turn binds to the proximal promoter regions of
CYP3A4 gene, resulting in increased transcription and expression of
CYP3A4. The 10–50 fold increased synthesis of the enzyme leads to
enhanced metabolic degradation of dapsone since CYP3A4 is a major
enzyme that metabolizes dapsone. This in turn cause increased plasma
clearance and enhanced urinary excretion of dapsone metabolites re-
sulting reduced plasma half-life of dapsone (Fig. 4). The dramatically
elevated levels of CYP3A4 also results in enhanced metabolic clearance
of rifampicin. Grapefruit juice and grapefruit in general is a potent of
inhibitor of CYP3A4 [130,131], which could affect the metabolism of
both rifampicin and dapsone. Grapefruit juice has the greatest effect
when taken an hour prior to administration of the drug and it lasts for
3–7 days [131].

7. Conclusions

The metabolic interaction of antileprosy drugs, rifampicin and
dapsone due to the gene induction of the major drug-metabolizing
enzyme CYP3A4 is a potent problem for the treatment of leprosy.

However, it has overcome through appropriate treatment strategy in-
troduced by WHO during multidrug therapy. The important aspect of
therapy to leprosy is regular and uninterrupted consumption of the
prescribed antileprosy drugs. Early diagnosis of the disease, especially
the asymptomatic infection is critical for the successful treatment of
leprosy without deformities.
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