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Abstract

Leprosy is a granulomatous disease, infectious and transmissible, which affects the skin and
peripheral nerves, having Mycobacterium leprae as causative agent. The manifestation of this
disease causes cutaneous lesions, peripheral neuropathies and, in more extreme cases, may gen-
erate deformities and disabilities in affected individuals. Patents were identified using the
descriptor ‘leprosy’ and code A61K of the international patent classification, which indicates
only products that meet human needs. The analysis was made using the WIPO,
ESPACENET and USPTO databases, until the month of September 2016. Through this review,
we found a variety of in vitro, pre-clinical and clinical studies relating to the treatment of leprosy
with different types of compounds and forms of administration. New treatment proposals
should include pain reduction capabilities, prevention or limitation of the appearance of cuta-
neous lesions, as well as prevention of the progression of the disease to more severe stages that
may lead to loss of function or potentiate the individual’s immune response to the M. leprae
bacillus in order to prevent bacterial spread. We concluded that any patents developed with nat-
ural products were not found in the treatment of leprosy. All the deposited products were syn-
thetic origin, mostly tested in humans and of varied forms of administration.

Introduction

Leprosy is a granulomatous disease, infectious and transmissible, which affects the skin and
peripheral nerves, having M. leprae as causative agent [1]. The manifestation of this disease
causes cutaneous lesions, peripheral neuropathies and, in more extreme cases, may generate
deformities and disabilities in affected individuals [2].

The treatments recommended by the USA’s National Leprosy Disease Programs and
WHO points to a variation between dosage and duration of treatment, depending on the
therapy type [3]. Those with uncertain diagnosis are treated as multibacillary leprosy [4].

During the course of the disease, reactions as neuralgia, loss of sensibility and function can
rapidly lead severe and irreversible nerve damage and must be treated immediately upon an
accurate diagnosis. Thus, new treatment proposals must provide pain reduction (especially
those caused by nerve impairment), prevention or limitation of appearance of cutaneous
lesions. Besides, new medicines should prevent disease progression to severe stages, which
can lead to loss of function and potentialise the individual’s immune response to M. leprae [5].

Standard multidrug therapy is highly effective in the treatment of M. leprae infection.
However, despite this effectiveness, about 30-40% of patients with leprosy present inflamma-
tory events caused by immunity, such as type I reactions and erythema nodosum leprosum
(ENL) or type II reaction [6, 7]. ENL is the most common inflammatory complication in lep-
rosy patients. It is a systemic reaction, causing symptoms like arthritis, lymphadenitis and,
especially, neuritis (the main cause of pain among these patients) [6].

If not treated, this inflammatory process caused by ENL significantly increases morbidity
and mortality. The treatments with corticosteroids and thalidomide are the most widely
used in clinical practice, for a long period of months or, even, years. In many patients, it is
necessary to use high doses of corticosteroids to control ENL, resulting in complications
associated with the prolonged use of drugs [7].

The increase in bacterial resistance against drugs used in conventional therapy has caused
the emergence of antibacterial entities from a great number of natural sources, such as plant
materials to fight microbial diseases [8].

Considering leprosy as a highly debilitating disease and of high therapeutic cost, there is the
need of higher effectiveness treatment strategies that provide lower recurrence rate, toxicity and
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therapy duration. In this patents revision, we reported treatment sys-
tems and compounds proposed to treat Hansen disease. Therefore,
this study has the objective of evaluating the development and
patenting of natural and synthetic products, aimed to provide new
therapeutic options for the treatment of leprosy and leprosy
reactions.

Methods

The present study deals with a search for patents that bring pos-
sibilities of innovative treatments for leprosy. For this, the descrip-
tor ‘leprosy’ and the code A61K of the international patent
classification, which indicates only products that meet human
needs, was used. The search was made using the WIPO,
ESPACENET and USPTO databases, registered until the year
2016. The greatest number of patents was found in the WIPO
database (250), followed by ESPACENET (149) with no patents
being found in the USPTO database. The patents found were
deposited in a period between 1920 and 2016.

All patents have been duly listed and classified according to the
year of publication and country of origin. The USA and China
were the countries with the largest number of patents, and the
year with the largest number was 2015. Patents have been selected
published between 2013 and 2016, because they expect to present
the most recent products being developed for leprosy treatment.
That is way, 341 patents were excluded. Subsequently, only texts
written in English, Spanish or Portuguese were included in this
review, resulting in 28 patents in other languages being excluded.
Finally, titles and abstracts were read and duplicate patents (16),
those without the full text available (two), and those not reporting
treatment for leprosy (one) were also excluded, leaving nine
remaining patents which were subjected to a complete reading
of the text (Fig. 1).

Results
Antibodies and peptides used in the treatment of leprosy

Through this review, we found a variety of in vitro, pre-clinical and
clinical studies relating to the treatment of leprosy (Tables 1 and 2).
The first patent, described in 2013, is for a series of antibodies that
are effective in the non-activation of trkA receptors, which enable
control and prevention of painful conditions that affect the
carriers of pathologies such as leprosy (NZ587701) [9].

Another patent from 2013 describes the use of 2-piperazin-
1-Y1-4H-1, 3-benzothiazin-4-oneas, a therapeutic and/or prophy-
lactic treatment of infectious diseases (among them leprosy)
in mammals, tested in rodents through an oral treatment
(EP2640712) [10].

The first patent of 2014 is for a vaccine antigen to genes and
proteins involved in the sporulation of mycobacteria. The vaccine
induces an immune response against a peptide component from
one of the gene products involved in sporulation and is indicated
in the treatment of diseases caused by Mycobacterium, such as
leprosy and tuberculosis (US8779088) [11].

Another registered patent relates to the treatment of diseases asso-
ciated with the Th1 cascade and angiotensin II inhibitors. Through
this mechanism, the authors believe that a range of diseases can be
prevented or treated, these include leprosy, autoimmune diseases,
type 1 and type 2 diabetes, rheumatic diseases (arthritis and rheuma-
toid arthritis), psoriasis, osteoporosis, atherosclerosis, myocarditis,
endocarditis, pericarditis, Alzheimer’s and cystic fibrosis, among
others (US8865749) [12].
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Identified studies from the databases using keyword leprosy (A61K)
(n = 399): WIPO (250), Espacenet (149) and USPTO (0)

Only recent patents were included (2013 -
2016)
Excluded (n=341)

Only those in English, Portuguese and Spanish were included
Excluded (n=28)

'_I

Titles and abstracts were read

Duplicates (n= 16), those without the full text available (2) and
those not related to treatment for leprosy (1) were excluded

(n=19)

Final Selection (n=9)

Fig. 1. Flowchart of studies included.

Bioactive compounds in the treatment of leprosy

A patent from 2015 describes the use of basic fuchsine, a nuclear
dye used to identify the Mycobacterium tuberculosis, as an active
ingredient of a drug to inhibit the acid-resistant bacillus in
M. tuberculosis and M. leprae through increasing the pH of the
individual, in the treatment against leprosy and tuberculosis. It
can be administered orally, without need for hospitalisation
(20150352063) [13].

Another invention published in 2015 proposed new com-
pounds aiming to potentiate the antibiotic activity activated by
the EthA pathway, in particular ethionamide, by inhibiting
EthR. It aimed to develop an effective and inexpensive product
with high solubility in fluids to be administered orally causing
few side effects. Its use as a drug has been described for the treat-
ment of bacterial and mycobacterial infections, tuberculosis and
leprosy (US2015225388) [14].

A type of bioactive compound active in the inhibition of leu-
cine kinase 2 protein (LRRK2) was described and patented in
2015, through a study in vitro. According to the inventors, genetic
studies have proven that LRRK2 acts in the pathogenesis of dis-
eases such as Crohn’s disease, leprosy, Parkinson’s disease and
other neurodegenerative diseases (CA2933767) [15].

Another patent describes the use of molecules (4-(substituted
amino)-7H-pyrrolo (2,3-d) pyrimidines) to inhibit repetitions
rich in leucine kinase 2 (LRRK2), as a form of treatment for dis-
eases such as leprosy and neurodegenerative disorders, because
they are diseases associated with LRRK2 (20140005183) [16].

In another invention in 2015, the researchers developed a
pharmaceutical compound containing thalidomide and other bio-
available and easily manufactured components that are already
approved for use in humans. Thalidomide acts in the treatment of
erythema, dermal wounds and inflammation in the gut, among
other diseases, and according to the inventors, it is effective in the
treatment of wounds caused by leprosy (US9006267) [17].

Discussion

According to this study, no patents were found that use a product
of natural origin as an active ingredient, or that directly treated
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Table 1. Antibodies and peptides used in the treatment of leprosy

Nayara Gomes Lima Santos et al.

Patent Experimental Natural or
Patent title Year Country number stage Active principle synthetic
Anti-TrkA antibodies and derivatives thereof 2013 Nz NZ587701 Clinical Anti-TrkA antibodies Synthetic
2-Piperazin-1-yl-4h-1,3-benzothiazin-4-one derivatives and 2013 EP 2640712 Preclinical 2-Piperazin-1-il-4H-1, Synthetic
their use for the treatment of mammalian infections 3-benzothiazin-4-one
New vaccine for the treatment of Mycobacterium-related 2014 USA uUs8779088 - Vaccines and antibodies Synthetic
disorders
Treatment and prevention of thl and ‘autoimmune’ diseases 2014 USA UsS8865749 - Antibiotics Synthetic
with antibiotics and/or angiotensin inhibition
Table 2. Bioactive compounds in the treatment of leprosy

Patent Experimental Natural or
Patent title Year Country number stage Active principle synthetic
Drug for killing acid-fast (red) bacillus 2015 USA 20150352063 Clinical Basic fuchsine Synthetic
Compounds for use in the treatment of 2015 USA US2015225388  In vitro EthA Synthetic
mycobacterial infections
Novel 3,4-disubstituted-1h-pyrrolo(2,3-b) pyridines 2015 CA CA2933767 In vitro LRRK2 Synthetic
and 4,5-disubstituted-7h-pyrrolo (2,3-c) pyridazines
as lrrk2 inhibitors
4-(substituted amino)-7H-pyrrolo(2,3-d) 2014 USA 20140005183 Preclinical 4-(amino-substituted)-7H-pyrrolo Synthetic
pyrimidines as LRRK2 inhibitors (2,3-d) pyrimidine
Pharmaceutical compositions and dosage forms of 2015 USA US9006267 Clinical Thalidomide Synthetic

thalidomide

the causative agent of M. leprae disease. The course of treatment
for leprosy is long and commonly used drugs include rifampicin,
chlorophenol diazoxide, sulfamide, which are highly toxic and
can cause serious damage to the liver, kidney, nervous system,
gastrointestinal tract and haematopoietic organs. Therefore, one
of the emergency needs currently is the search for a shorter ther-
apy duration, as well as the use of antibacterial agents with min-
imal toxic effects for leprosy patients [18].

Bioactive products have great benefits in treating the disease,
including low toxicity when compared with other drugs; low
cost, which reduces the financial burden for individuals and health
systems; and easy availability, many are found in common products
such as rice, wheat germ or cereals; in addition to not having recur-
rence of symptoms and not having adverse reactions [18].

The infection caused by M. leprae triggers a relationship
between the pathogens and the host, based mainly on immune
pathological aspects [19]. Thus, leprosy is an interesting model
to investigate the role of the human immune system in the
defence of the host and susceptibility to infection [20].

Infections caused by mycobacteria are notoriously difficult to
treat. Although most mycobacteria are susceptible to antibiotics
such as clarithromycin, isoniazid and rifamycin, antibiotic-resistant
strains exist, and the emergence of multiresistant strains is an
increasing problem. One of the causes of bacterial resistance is
the abandonment of the treatment, due to its long duration, leading
to the interruption of the therapy, thus contributing to the resist-
ance of M. leprae [21].

Toll-like receptors are crucial for the recognition of microor-
ganisms by macrophages and dendritic cells during the innate
immune response [22]. These receptors stimulate the production
of antimicrobial peptides, cytokines such as interleukin (IL)-15,
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IL-6, tumour necrosis factor o and chemokines that collectively
induce a local inflammatory response, and increase phagocytosis
and death mediated by activated macrophages [23].

The treatment involves identifying an antibody-reactive
compound for a spore-coating peptide or an active fragment,
leading to the induction of the immune response in the patient
[24]. These recent studies are based on an active immunisation,
performed by administering a vaccine or passively with the use
of an antibody [24]. Although current treatments of leprosy
found in this review are based on the use of antibiotics and
drugs or vaccines containing antibodies, the use of natural
active principles has grown exponentially throughout the
world and their efficacy has been verified in the treatment of
numerous diseases [19].

Besides the search for strategies that decrease treatment dur-
ation and avoid occurrence of antibiotic resistance, current
researches are focused on the development of more effective diag-
nosis for the detection of infections in early stages of the disease,
enabling prophylactic and adequate treatment. It is expected that
vaccines develop active and long-term protection, both in the pre-
vention of infection and of disease or recurrences [25, 26].

Over the researches on leprosy and its reactions, many difficul-
ties are found, mainly those related to the development of new
short-term therapeutics, because of the heterogeneity of the dis-
ease’s clinical forms and the immunological response of the
host to the agent [27]. In this review, only three patents found
were in clinical development, being that one patent brings thal-
idomide as main compound, this being considered of alternative
use by the WHO. The other two patents, from 2013 and 2015,
were in clinical trials, testing new products. Thus, we could
observe the need for patents filed being in clinical trials and the
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low number of new products resulting from these patents.
Therefore, it is necessary to develop translational researches (pre-
clinical trials up to clinical trials in its final steps) focusing on the
development of a new patented product with the perspective of
marketing by the pharmaceutical industry.

Conclusion

In this review, we concluded that any patents developed with nat-
ural products were not found in the treatment of leprosy. All the
deposited products were synthetic origin, mostly tested in humans
and of varied forms of administration. Therefore, it is necessary to
concentrate this research area with the aim to reduce the effect of
leprosy on individuals, and to develop a promising new products
or drugs that provide preventing disease progression accompany-
ing with analgesic as well as effective healing property.
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