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Abstract:

Filariasis, caused by spirunid nematodes, is one of the most prevalent diseases of tropical and
subtropical countries and encompasses a number of different pathological conditions. The most
common type of filariasis is a lymphatic filariasis caused by parasite that live in human lymph
system. Like malaria it is also caused by mosquito biting. Life cycle, pathogenesis and diagnosis of
filariasis have been briefly reviewed. Different strategies being applied to control this disease has
been discussed with major emphasis on the mechanism merits and demerits of the existing drugs
and the drugs under pipeline. New antifilarial prototypes discovered recently and the future

perspective the desease have also been elucidated.
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1.1. INTRODUCTION

Human existence has been afflicted with a remarkable number of parasites and during our relatively
short history on Earth, we have acquired about 300 species of helminth worms and over 70 species
of protozoa.' During recent times, the spread of human immunodeficiency virus (HIV) and AIDS
and the resultant immunodepression caused by these diseases has led to surfacing of new
opportunistic parasitic infections throughout the world.> Among the various parasitic diseases, the
World Health Organization considers filariasis as one of the six potentially eradicable diseases and
initiated a global plan for its elimination as a public health problem by the year 2020.’ Filariasis,
caused by spirunid nematodes, is one of the most prevalent diseases of tropical and subtropical
countries and encompasses a number of different pathological conditions. The most common type
of filariasis is a lymphatic filariasis caused by parasites that live in human lymph system. There are
eight species of filariae which parasitise man along with many other species, which infect other
vertebrates. In humans these reside in lymph glands, deep connective tissue, subcutaneous tissues
or mesenteries. These spirunid species require an insect vector for successful completion of life
cycle and transmission from one definitive host to another.* > Among all the species infecting man,
Wuchereria bancrofti and Onchocerca volvulus having no animal reservoirs are difficult to study.
Four of the species listed in Table-1 are primarily responsible for most of the cases of human
filariasis: Wuchereria bancrofti and Brugia malayi, which are essentially lymphatic parasites, cause
mainly lymphatic filariasis. The former is responsible for infection in 90 % of the filaria infected
human while the latter accounts for 10 % cases. Onchocerca volvulus (sometimes called the
African eye worm) and Loa loa, largely subcutaneous parasites, are responsible for onchocerciasis

(river blindness) and loaisis respectively.

1.2. GLOBAL BURDEN OF DISEASE
Lymphatic filariasis, onchocerciasis and loiasis collectively afflicts around 200 million people
worldwide and over 40 million of them are seriously incapacitated and disfigured. It has been

estimated that about 1.1 billion people in more than 80 countries are exposed to infection risk.’ The
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Indian picture of filarial and its control has been recently elucidated by Pani’s group.” One-third of
the people infected with the disease live in India, one third are in Africa and most of the remainder
is in South Asia, the Pacific and the Americas. The burden of this disease in humans and its impact
on socioeconomic aspects has led to the identification of this disease as one of the priority areas of
WHO'. Over 120 million people are affected by lymphatic filariasis, which is endemic in tropical
and subtropical areas, and the prevalence of infection is continuing to increase. Presently, over 2.5
million people are exposed to the risk of infection with B. malayi, about 18 million people are
infected with onchocerciasis, 40 million acquire loiasis and rests are affected by different species of
parasitic filaroids.” ® The global burden of the filariasis is increasing primarily due to the rapid and
unplanned growth of cities, which creates numerous breeding sites for the mosquitoes that transmit

the disease.” '°

2. SYMPTOMS

Clinically, lymphatic filariasis is a spectral disease and there are three basic disease stages (a)
asymptomatic (b) acute and (c) chronic. Asymptomatic microfilaraemia is often the most common
manifestation of filariasis in many endemic populations and it is often regarded as a "non-disease"
because the individuals concerned are unaware for decades of the presence of large numbers of
microfilariae in their blood.'* Most of the signs and symptoms of filariasis are caused as a
consequence of the adult worms living in the lymph system. Tissue damage caused by the worms
restricts the normal flow of lymph fluid resulting in swelling, scarring, and infections. The most
common manifestation of acute filariasis'’ is adeno-lymphadenitis (ADL), which is characterized
by intense lymphangitis, lymphadenitis and reddening of the overlying skin. In males there may be
orchitis, epididymitis and acute transient hydrocoeles. The worst symptoms of the chronic disease'®
generally appear more often in male adults than in adult women. It includes persistent
lymphoedema of arms and legs, hydrocoel, elephantiasis of genital organs and chyluria (milky
urine). Although, mortality is not associated with filaria, yet morbidity due to above-mentioned
clinical manifestations is highly significant and major cause of socioeconomic
problems.'’Development of tropical pulmonary eosinophilia characterized by nocturnal cough and

182 1n addition,

wheezing, low grade fever, and adenopathy has also been observed in few cases.
even more common than the overt abnormalities is hidden, internal damage to the kidneys'™ and

lymphatic system caused by the filariae.'®
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In contrast to W. bancrofti and B. malayi, it is the microfilariac of O. volvulus, rather than the adult
worms, which are the principal cause of the pathology of onchocerciasis. Migration of these results
in (a) onchocercal dermatitis, (b) onchocercomata (nodules) and (c) visual impairments and
blindness.'? Loaisis is mainly associated with temporary localized edema (Calabar swellings),

episodic subconjunctival migration of the adult worm, dermatitis and fatigue.'>

3. LIFE CYCLE AND PATHOGENESIS

Different species of the Culex, Anopheles, Aedes and Mansonia genera of mosquitoes are vectors
of W. bancrofti filariasis, depending on geographical distribution. The infective third stage larvae
(Ls) are discharged to the human host during bite by an infected mosquito onto the skin and
penetrate into the blood capillaries. through the bite wound during the short period that a mosquito
is biting. Within nine months they become sexually mature and commonly reside in the lymphatics.
The female worms measure 80 to 100 mm in length and 0.24 to 0.30 mm in diameter, while the
shorter males measure about 40 mm by 0.1 mm. The mature females discharge microfilariae (mf)
into the pleural cavity, measuring 244 to 296 um by 7.5 to 10 um, which are sheathed and have
nocturnal periodicity, except the South Pacific microfilariae, which have the absence of marked
periodicity. These are essentially pre-larval stages, which will not undergo further development
until taken into the haemocoel of the intermediate host. The microfilariae migrate into lymph and
blood channels moving actively through lymph and blood. On ingestion by the mosquito host the
sheath is lost and mf migrate rapidly to the thoracic muscles where they develop into first-stage
larvae (L;) and subsequently into L;. The infective L; migrate through the hemocoel to the
mosquito's proboscis and can infect another human during the mosquito bite.'"*° The life cycle of
Brugia malayi, which also parasitise the lymph nodes and lymphatics, resembles with that of W.
Bancrofti and the adults of the two species are indistinguishable. The major vectors belong to the
subgenus Mansonia and a few sp. of Anopheles. The life cycle of O. volvulus is similar to that of
W. bancrofti, except that the intermediate hosts are various species of blackfies and buffalo flies of

the genus Simulium.
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Figure 1 Life cycle of Filarial parasite (W. bancrfoti and B. malayi)

4. DIAGNOSIS

Although various techniques for identification of filarial parasite in blood are known today yet the
only unequivocal means of ascertaining active filarial infection is by demonstrating parasites in
host tissue. In the case of lymphatic filariasis and loaisis this is most commonly achieved by
detection of microfilariae in the blood stream by microscopic examination of thick smear.”" *
However, in most parts of the world, the parasites have a "nocturnal periodicity" that restricts their
appearance in the blood to only the hours around midnight. Membrane filtration of the venous

blood is usually a more sensitive technique but it still poses inconvenience to communities where

the disease has a nocturnal periodicity.”> Clinical diagnosis is also routinely used but it is most
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often insensitive, nonspecific and cannot distinguish between active and past infection. In the past
few years, new methods for the diagnosis of filariasis, which are simple, more sensitive and cost
effective, have been developed. Polymerize chain reaction (PCR) methods have been successfully
used in the detection of parasite DNA in the blood.** A combination of PCR-ELISA method for

detection of filarial DNA has been devised by Fisher et al.*

The W. bancrofti antigen test based on
the monoclonal antibody Og4C3, an antigen-capture ELISA (Enzyme linked immunosorbent assay)
is used in field studies.’® The other commercially available antigen test, the immuno-
chromatographic technique (ICT) rapid card test,”’ using specific monoclonal and polyclonal
antibodies, is now widely accepted as the tool of choice for survey work because of its simplicity
and its ability to provide “on the spot” data. Recently, ultrasonography using a 7.5 or 10 MHz
probe has helped to locate and visualize the movements of living adult filarial worms, the 'filaria
dance sign' of W. bancrofti in the scrotal lymphatics of asymptomatic males with
microfilaraemia.”® Lymphatic dilatation, dermal back flow and obstruction can be directly
demonstrated in the oedematous limbs by lymphoscintigraphy which use radionuclide.?*® With this

and other new diagnostic tools,” it is now possible both to improve our understanding of the

infection site and to monitor more easily the effectiveness of treatment and control programs.

5. DRUG DEVELOPMENT AGAINST FILARIASIS

Only a limited number of drugs including diethylcarbamazine, ivermectin and albendazole are
known today and efforts are on to develop new drugs. However, efforts are being made indifferent
parts of the world to develop new antifilarial agents based on different biochemical targets and the

same has been reviewed below in short.

5.1. Target sites for drug development
Recent developments in the study of the basic physiology and biochemistry of filarial parasite have

1. have

allowed the identification of novel targets for chemotherapy. Very recently Gupta et. a
reviewed different biochemical targets including carbohydrate, lipid, aminoacid and protein
metabolisms, nucleic acid metabolism, folate metabolism, biogenic and polyamines metabolism,
glutathione metabolism, retinol binding protein metabolism, the microtubular system, filarial
receptors and channels and immunomodulation which have possibility to be exploited in drug

design and the details can be found there. Here we are concerned only those targets which are
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validated to potent antifilarials of clinical use. These include nicotinic acetylcholine receptor, -
amino butyric acid (GABA) receptor channel, glutamate-gated chloride channel, B-tubulin,
arachidonic acid metabolism, antioxidant defence system and DNA topoisomerases. It is quite
possible that the target sites present in the parasite may be more or less similar to the host and
therefore in selecting the targets for antihelmintic agents it is essential to select targets, which are
absent in the host and specific to parasite.

5.1.1. Nicotinic acetylcholine receptors®':*

Nematode possesses both synaptic and extrasynaptic nicotinic acetylcholine receptors in somatic
muscle cell. It is evidenced that application of acetylcholine and anthelmintics, levamisole, pyrantel
and morantal resulted in the polarization and increase in input conductance of the muscle
membrane to Na” and K. It has been established that the nicotinic anthelmintics have an action on
a receptor with similar but not identical properties to those in mammals and vertebrates. Based on
definite studies it is now clear that there is some pharmacological difference between the nicotinic
receptors of nematodes to those of their hosts, since levamisole is a selective agent producing
depolarization and spastic paralysis of the nematode without a significant action on the host muscle.

These anthelmintics are thought to act as a channel blocker.

5.1.2 GABA receptor channel®’

y-Amino butyric acid (GABA) receptors involved in many biological functions of the organism
play very important role in anthelmintics too. Piperazine series of compounds showing anthelmintic
activities act as simple GABA agonist and gates open GABA receptors on the somatic muscles of
the nematodes. These compounds increase the Cl™ conductance of the muscle membrane leading to
an increase in the membrane potential resulting in relaxation of the body muscles and flaccid
paralysis.

5.1.3 Glutamate-gated CI" channel****

The anthelmintics belonging to avermectins increase the CI™ permeability of nerve and muscle
membrane of the inveretebrates but the identity of the target ion channel has been controversial. It
has been suggested that they act on a glutamate-gated Cl (GluCl) channel, which is a pentomer like
that of nicotinic receptor. Different studies have concluded that ivermectins affect the glutamate

receptors that gate chloride channels and the latter is potentiated by drugs.
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5.1.4. B-Tubulins®®*’

Microtubules, serving variety of intracellular functions including transport of cytoplasmic secretary
vesicles, are formed in a dynamic process by combination of two 450 amino acid proteins known as
o-tubulin and B-tubulin. The formation of microtubule basically involves polymerization of tubulin
at one end (positive pole) and the depolymerization at the other end (the negative pole) and this
process is influenced by a number of factors including GTP, Mg and an increase in the temperature.
Microtubule synthesis may be prevented by chemicals, which bind the positive pole, (the leading
edge) of polymerization called as capping. The capping can be achieved by several alkaloids
including colchicines, vinblastin, vincristine or the benzimidazoles, which bind the B-tubulin
molecules. Benzimidazole anthelmintics compete for the binding site on -tubulin with colchicines,

which is known to block cell division in metaphase.

5.1.5. Arachidonic Acid Metabolism?**

Arachidonic acid, a substrate for the formation of eicosanoids by the enzymatic oxygenase, is a 20
carbon polysaturated fatty acid derived from dietary essential fatty acids. Eicosanoids, which
include prostaglandins and leukotrienes, exhibit diverse range of potent biological actions, which
include effects on platelet aggregation, vasodialation, leukocyte inflammatory and immune
functions and cellular adhesion. Microfilariae have the capacity to utilize host polyunsaturated fatty
acids to generate specific eicosanoids, which are involved in mediatry interactions with adjacent
cells. The production of specific eicosanoids with selective effects on host cells may be important
in the survival and pathogenecity of the filarial parasites. The metabolism of arachidonic acid in
filarial worms has been used as a target for the treatment and control of lymphatic filariasis.

5.1.6. Antioxidant defense system*'**

All filariae posses potent enzymatic and non-enzymatic defence mechanisms against the oxidative
stress and other toxic substances generated in the biosystem. Oxidative stress is an inevitable result
of aerobic metabolism and consists of reactive oxygen intermediates, superoxide anion radical
(O7), hydrogen peroxide H,O,, hydroxyl radical (OH), alkoxyl radicals (RO), peroxyl radicals
(ROO), nitric oxide (NO’) and other nitrogen-based intermediates. Role of various oxidants in

damaging membrane proteins, lipids and nucleic acid is sufficient to kill cells and even the whole
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organism. The main anti-oxidant enzymes in the parasite include superoxide dismutase (SOD),
glutathione (GSH) and peroxiredoxins. Superoxide dismutases (SODs) protect cells by catalysing
the dismutation of O,. to H,O, and ground-state oxygen and also by preventing formation of
ONOO and O, . These also inhibit lipid peroxidation and formation of peroxynitrite.
Peroxiredoxins play a major role in peroxide metabolism in filariae and provides protection against
by-products of aerobic metabolism and protect DNA from nicking in a metal-catalysed oxidation
system. Glutathione, a small tripeptide (L-y-glutamyl-cysteinylglycine), is an important part of the
antioxidant system of filarial worms and protect them from attack by reactive oxygen species
(ROS). It also facilitates the detoxification of electrophilic toxic compounds, xenobiotic substances
and other superoxides. Moreover, it is also responsible for the maintenance of intracellular thiol
redox status and thus for the function of many biological processes within the cell. The non-
enzymatic anti-oxidant defence system including ascorbate, a-tocopherol, albumin and ubiquinols,
are effective scavenger of hypohalous acids hydroperoxides. Thus different enzymes and molecules
involved in the antioxidant defence mechanism of the filarial parasite can act as a decisive and

potential target for antifilarial drug development.

5.1.7. Filarial DNA and DNA Topoisomerases

Filarial parasites contain DNA, which is rich in AT content and exhibits low stability, polyamines
like putrescine, spermidine and spermine, interact with nucleic acid and play crucial role in
stabilization, precipitation (aggregation, condensation) and B to Z transition of nuleic acid, with a
different mode of action and metabolism from the human host, thus offering potential target for
chemotherapeutics. The unusual features of DNA in filarial parasites and destabilization of DNA
by some antifilarials together with a typical polyamine metabolism are likely to be potential
chemotherapeutic targets in the design of antifilarial drugs.*’

DNA Topoisomerases II are enzymes that alter the topology of DNA and have been the focus of
considerable study in the areas of molecular and cellular biology and also experimental
chemotherapy. These are involved in many reactions including ATP dependent negative
supercoiling, ATP independent relaxation of negatively supercoiled DNA, formation and resolution
of catenated DNA and DNA dependent ATP hydrolysis.* The coumarin group of antibiotics acts
by inhibiting DNA gyrase. The drugs bind to the B subunit of gyrase and inhibit DNA supercoiling
by blocking the ATPase activity. The mode of inhibition of the gyrase ATPase reaction by

10
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coumarins is unlikely to be simple competitive inhibition and the drugs may act by stabilizing a

conformation of the enzyme with low affinity for ATP. *

5.2. Filarial Genomics

WHO and United Nations Development Program//World Bank/WHO special program for research
and training in tropical Diseases (TDR) initiated a program in 1994 to study the genomes of five
species of parasites causing filariasis. The long-term goal of projects is to understand important
biological problems such as parasite drug resistance, pathogenesis, and virulence and to assist in the
identification of new targets for chemotherapy and vaccines.”® As a new approach for understanding
the biology and the biochemistry of filarial parasites, genome projects are directed at the
identification, cloning and sequencing of all the genes of organisms. For constructing the necessary
cDNA and genomic libraries, to study filarial genomes, parasites of various life cycle stages were
collected from many parts of the world. Now, 26,215 ESTs (Expand expressed sequence tags
sequencing) containing more than 10 million base pairs of B. malayi sequence data, 14,974 ESTs
for O. volvulus and more than 6,000 ESTs for W. bancrofti are available. In total this represents
about 20 million base pairs of expressed filarial parasite DNA sequence.’’ Moreover, the complete
sequence of the mitochondrial genomes™ for filarial parasites (O. volvulus and B.malayi) is also
carried out providing additional targets for biological study and potential chemotherapy. Recently,
the development of a transgenic technique for introducing DNA™> and RNAI technique for
introducing RNA>* into the cells of parasitic organisms open up the possibility for studying gene

function and for the identification of vaccine candidates and drug targets.

5.3. The endosymbiont bacteria

Wolbachia is a group of intracellular bacteria, discovered in the 1970’s and belong to the order
Rickettsiales.” These are endosymbiont of filarial nematodes and play an important role in the
development, viability and fertility of their host. Symbiont bacteria may be implicated in the
pathogenesis of filarial pathology and inflammatory responses of the filarial parasites are probably
due to the release of bacteria and their products either on death of the parasite or through a variety
of secretary and excretory mechanisms.’® Several studies have shown that killing the Wolbachia
bacteria results in reduced fecundity and often death of the filarial parasites. Many antibiotics
tetracycline, doxycycline, rifampicin, novobiocin and their combination are known to be effective

in the treatment of human filariasis via targeting endobacteria.”’ Since this intracellular bacterium

11
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contributes to the normal functioning of the filarial parasite, thus it provides a novel target for

antibiotic based chemotherapy and vaccination interventions.

6. FILARIASIS CONTROL

There are several approaches to curtail vector borne filarial diseases: vector control, breaking of
vector-host contact by use of repellents and bed nets, vaccination and chemotherapy.

6.1. Vector Control

Vector control has played an effective supporting role for filariasis control in certain local programs
and reduction of vector density can be an important contributor to achieving long-term
sustainability of transmission interruption.”® However, filariasis control program should not be
based upon vector reduction alone, rather vector control should be implemented whenever feasible
as a complementary tool to filariasis control program based primarily on drug administration.
Traditional vector control methods include: killing of mosquitoes or “adulticiding”, interrupting
transmission of disease by mosquito vector by mosquito repellants, mosquito nets for sleeping and
also to avoid the habitat when the vector is at its peak biting times. Certain improved techniques for
enhancing the effectiveness of vector control are now available, including (1) Biocides: especially
Bacillus sphaericus (a toxin producing bacterium) to control Culex quinquefasciatus (2)
Polystyrene beads: to limit breeding of culicine vectors in specific urban situations with enclosed
breeding sites (3) Indoor spraying of long lasting residually active pyrethroids: especially for adult
stage culex and mansonia and (4) community participation in integrated vector management.
Vector control can be very successful when malaria and filariasis have common vectors.”
However, vector control takes a long time to become effective and is very labour intensive and

costly and the development of insecticide resistance makes it less effective.

6.2. Insecticide-treated bed nets
Insecticide-treated bed nets have the potential to reduce filariasis transmission® but they are of only
limited effectiveness because there are a large number of mosquito species that transmit filariasis

and some of these bites during the time of when people are not under bed nets.
6.3. Vaccines

The current three anti-filarial drugs, DEC, ivermectin and albendazole, being used are not totally

curative and numerous rounds of mass treatment will be necessary to reduce the levels of infection

12
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below those necessary to sustain transmission. Thus, efforts are needed to generate a vaccine that
might be a cost-effective either to enhance the effectiveness of drugs in eliminating LF and to help
to prevent its recrudescence or both.’' Despite some promising research, a vaccine for any of the
filarial parasite is not yet a reality.®> Recently some progress has been made in this area with cloned
filarial antigens, a recombinant chitinase and a protective epitome SXP1 (an antigen found in
multiple worm stages showing promise as vaccine candidates).” A serine protease inhibitor
expressed by B. malayi microfilariae that inhibits neutrophil serine protease and aids the parasite to
evade the immune system, may be a target for vaccine development.** Over the past decade there
has been dramatic improvement in our understanding of the mechanisms that lead to develop new
vaccine candidates against filarial L3 and mf stages. Out of several factors, the most important
factor in vaccine development are development of animal models and molecular biology along with
the advent of new technologies such as RNA interference (RNAI), protein three-dimensional

imaging and novel methods of gene delivery.®

6.4. Chemotherapy

The two general strategies to control filarial infections using chemotherapy include selective and
mass treatment. In selective therapy individuals are examined for the presence of disease and the
infected individuals are treated. However, this approach is inefficient and is associated with major
problems. If mf is used as the indicator of infection many infected people will be overlooked, as
most of them are amicrofilaraemic. People with very low microfilarial densities may not be
detected and it has been shown that such people are capable of infecting mosquitoes and causing a
resurgence of disease.’® The use of antigen testing will overcome these problems but it still suffers
with the logistical problem of screening all members of the community. If selective chemotherapy
is used the lost infections are balanced by new infections to produce a dynamic equilibrium and
their needs to be continual reassessment of the filarial status of the community to identify the newly
infected persons.”” Mass treatment aims to treat all members of the endemic community at the same
time and will therefore treat pre-patent as well as patent infections. In other words the community
becomes the focus of the control program rather than the individual.®®

In the first half of the 20™ century, many drugs were tested for activity against filarial parasites. For
the most part, drug efficacy was low and toxicity was unacceptably high. Originally antimony and
arsenic based drugs and naphthalene sulfonic acid (Suramin) were used to treat filariasis but with

limited success.”” Suramin has been shown to be moderately active against adult W. bancrofti and

13
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B. phahangi” but it has no effect on microfilariac and therefore it does not interrupt the
transmission cycle in the short term. It is also relatively more toxic than other antifilarial drugs and
is not widely used today.”' Levamisole has been shown to limit activity against filarial parasites.”
In recent times identification of ivermectin and albendazole as new, effective anti-filarial agents
and the discovery of new virtues for an old anti-filarial drug, DEC (i.e., its single-dose efficacy and
macrofilaricidal action) and subsequent creation of the Global Program to Eliminate LF and other

chemotherapy programs,73’ “

are the major advances in filarial control ever made. Besides the
above mentioned drugs, there are few other drugs, which have been marketed and all these are

described below.

6.4.1. Diethylcarbamazine (DEC)

Since its discovery in 1947 by Hewitt et al.,” diethylcarbamizine, the piperazine derivative, (DEC,
proprietary names: Hetrazan, Banocide and Notezine) has been, and still being most widely used
drug for the treatment of lymphatic filariasis.®” "® " It is clinically used as the dihydrogen citrate
salt and is given orally. It reaches all parts of the body within 25 minutes after its intake. Accurate
blood levels of DEC can be determined by ELISA.”™ The plasma half-life varies from 6.1 to 8.1
hours. Excretion of the drug is mainly renal and the blood concentration reaches zero within 48
hours. DEC is a highly effective microfilaricidal drug.” However, varying degree of
macrofilaricidal activity at different doses has also been reported.”® ** ' The standard DEC

treatment regime is 6 mg/Kg per day over a 10 to 20 day period.® *

This is suitable only for
treating isolated cases but not for community-wide mass treatment programs.83 Other regimes for
mass treatment are: monthly doses, 6 monthly doses and annual doses. Common cooking salt
medicated with DEC in concentrations ranging from 0.1% to 0.6 % has been effectively used in
mass treatment programs for lymphatic filariasis.** * Current practice in mass drug treatment with
DEC is a single annual dose of 300 mg of DEC for adults and 150 mg for children (often combined

8. 86 1t can be utilized in most of the

with Ivermectin, and sometimes with Albendazole also).
control programs, but cannot yet be recommended in areas where there is co-existing
onchocerciasis or loiasis.*’” The above dose of 6 mg/Kg is associated with few side effects such as
drowsiness, nausea, and gastrointestinal upset and these are observed more frequent with increase
in dosage of the drug. Adverse reactions that are triggered by DEC in persons with filarial
infections can be either localised (associated with death of the adult worm) or systematic

(associated with death of the microfilariae).*® The mechanism of action of DEC is still not well

14



Curr.Med. Chem.13, 3319 ( 2006)

known. However, a reasonable explanation for its action is that it alters the metabolism of
arachidonic acids in the host endothelial cells and microfilariae. As a result of this, there is
constriction of the blood vessels and aggregation of the host granulocytes and host platelets. Thus it

appears that DEC activates an innate immune response rather than an adaptive response. *

O
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6.4.2. Ivermectin

Ivermectin, also known as mectizan, a macrolide antibiotic, is a semisynthetic derivative of
avermectin. It has been used very successfully for the treatment of oncocerciasis for a number of
years.”” °! It is active against skin dwelling first stage larvae (microfilariae) of O. volvulus at
exceedingly low doses of 150 pg/kg body weight. A single annual dose of 400 pug /kg, either alone
or in combination with 6 pg /kg of DEC, has been proved to be very effective in producing long-
term suppression of microfilaraemia in lymphatic filariasis in a number of countries. The single
dose ivermectin regimen appears equivalent to single dose DEC regimens in efficacy, safety and
tolerance and in addition it can be used safely in areas where coexistence of onchocerciasis or
loiasis is common. Like DEC, it is also associated with several adverse effects.”” Although
macrofilaricidal effect of ivermectin has been proposed but it is clear now from recent ultrasound
studies that the adult worms are not killed even at total doses of 4800 pg/kg over a period of 6

80b.81.93 Recently serious side effects, mainly Lao loa encephalopathy, following ivermectin

months.
treatment for control of onchocerciasis in areas co-endemic for loaisis has been reported.”* *> The
antiparasitic mechanism of ivermectin is through selective and high affinity binding of the drug to
the glutamate-gated chloride ion channels in invertebrate nerve and muscle cells. It increases the
permeability of the cell membrane to chloride ions, resulting in hyperpolarization of nerve or
muscle cells, causing paralysis and/or death of the parasite. The drug is also observed to effect
other ligand-gated chloride channels, particularly those gated by gamma-aminobutyric acid.

However, it is still not certain why ivermectin shows activity only against mf and not adult

90b
worms.
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Ivermectin
6.4.3. Suramin
Suramin (antrypol) was initially introduced as antitrypanosomiasis drug in 1920’s and subsequently
it was found to be an effective antifilarial also. It is the only macrofilaricide currently available for
use against W. bancrofti, Onchocerca volvulus and other filarial parasites. However, when
administered intravenously over a period of several weeks, it is also effective against
microfilariae.” It is however, one of the most toxic substances used in clinical medicine and should

1”7 Many adverse reactions are associated

98,99
| R

always be given under medical supervision in a hospita

with suramin treatment and some of them occur rarely but are very fata

0 ?
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Suramin

6.4.4. Levamisole
It was first introduced in 1965 and exhibits potent activity against intestinal helminthes but has not

been found to be very active against filarial parasites. However, its ability to kill microfilariae of W.
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96b
d.

Bancrofti, B. malayi and O. volvulus to some extent has been reporte It acts as a non-humoral

immunostimulant in immunosupressed individuals. However, the mechanism of this stimulation is

unknown.71’ 100, 101

Levamisole

6.4.5. Benzimidazole

Benzimidazoles have offered major advances in the therapy and prophylaxis of gastrointestinal
helminth infections since a long time in clinical medicine. Among benzimidazoles, albendazole and
mebendazole have been widely used in human filarial infections. The primary target for
benzimidazoles is tubulin and the drugs are observed to have a higher affinity for parasite tubulin

than for that of the host.'%?

Blockage of tubulin polymerization and microtubule formation by the
drug inhibits mitosis, and therefore embryogenesis and egg hatching. It is very likely that these
exert an effect on adult filariae in this manner. Benzimidazoles are known to be teratogenic and

103

embryotoxic therefore they should not be administered during pregnancy. Few of such

benzimidazoles are briefly described below.

(i) Albendazole

Albendazole is a broad spectrum anthelmintic firstly introduced in 1979 and has high potential in
tackling enteric helminthiases but it has only recently been assessed as an anti-filarial and found to
be more effective when combined with DEC or Ivermectin. The problem of adverse reactions with
albendazole is no better or worse than with DEC or Ivermectin.'® The macrofilaricidal activity of
albendazole for the treatment of individual patients is reported as one of the most important

breakthrough in filarial chemotherapy.'®

H
N

/©: )—NHCOOCH;
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Al bendazole
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(ii) Mebendazole

Mebendazole, a broad spectrum anthelmintic, was first introduced in 1972 as a drug. It prevents the
development of the embryos in onchocerciasis and when given in conjunction with levamisole both

d. 1ot 106 Besides, its action on tubulin, the

microfilaricidal and embryostatic effects can be achieve
drug also affects glucose uptake by helminth that in turn follows an enhanced utilization of
endogenous glycogen. It causes diminished ATP synthesis and turnover of adenine nucleotide

3150.107’108

H
Q N H
O )—N—C—OCHj;
N

Mebendazole

6.4.6. Metrifonate

Metrifonate (trichlorphon) is basically an organophosphorus insecticide and it is also effective in
treating nematode infections. It acts by inhibiting cholinesterases and thus paralysising the worm. It
has been used clinically in the treatment of W. bancrofti and O. volvulus infections and is an

96b, 109

effective microfilaricide. Metrifonate therapy is also associated with side effects and some are

. . . . 110,111
mild but severe side effects also arise in some cases.''

CCly

CHOH

(CH;0),—— P =0

Metrifonate

6.4.7. Combination therapy

Several recent studies have explored the effectiveness of co-administration of two or more than two
drugs for filarial chemotherapy. A combination of DEC (6 ug/kg) and ivermectin (400 pg/kg) has
been shown to be very effective in providing rapid and long-term clearance of microfilariae. When

given sequentially or in combination, DEC and ivermectin tend to produce more prolonged
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suppression of microfilaraemia than either drug alone.''” ' Another study showed that a
combination of albendazole (400 mg) and ivermectin (200-400 pg/kg) gave the more
microfilaricidal effect than either drug alone.'®® In addition to the significant microfilaricidal
activity induced by these drug combinations, macrofilaricidal effects of albendazole, DEC and
ivermectin combination was also studied. Although all sorts of combinations were well tolerated
and effective macrofilaricide''* ' but the single dose combination of albendazole and DEC was
the best regimen to decrease antigen levels (presumably reflecting the presence of viable adult
worms), though antigen clearance was not achieved. However, a combination of 600 mg of
albendazole with 6 mg/kg of DEC was found to be most effective and decreased the filarial antigen

levels by 77 % in 15 months after therapy.'"

7. THE SEARCH FOR NEW ANTIFILARIAL AGENT

The present antifilarials like diethylcarbamazine (DEC), ivermectin and albendazole are mainly
targeted at microfilaria and have low macrofilaricidal activity.** ''>''” Many of the adult parasite,
therefore survive after the chemotherapy and lead to reappearance of microfilaria several months
after treatment. Further, the adverse reactions of present drugs and the current report of resistance
development necessitates the development of new antifilarial drugs that have macrofilaricidal
efficacy and show total and long lasting suppression of embryo production to complement currently
available microfilaricides. Few of the recently discovered compounds possessing antifilarial

activity are given below

7.1. Benzimidazole derivatives

Few, new benzimidazoles have been discovered recently possessing potent antifilarial activity. A

118, 119

compound 2,2’-(dicarbomethoxyamino)-5,5’-dibenzimidazolyl ketone (&) and two other

benzimidazole derivatives methyl 5(6)-(4-substituted piperazin-1-yl) benzimidazole-2-carbamates

(b and c) have shown potent microfilaricidal and adultiucidal activity.120

N W,
H
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Several compounds with substituents at 2-amino nitrogen and C-5 of the benzene ring have been
synthesized and evaluated for antifilarial efficacy. Out of these 1-(5-benzoylbenzimidazol-2-yl)-
3,3-dimethyl urea (d) showed 100 % macrofilaricidal activity against both Brugia. pahangi and
Litomosoides carinii and 87 % microfilaricidal activity against L.carinii.'*' Some of the compounds
of series alkyl 5-(alkoxycarbonyl)-1H-benzimidazole-2-carbamates () and methyl 5-carbamoyl-
1H-benzimidazole-2-carbamates (f) have also been reported to be active in vivo against adult

worms of B. pahangi, L. carinii and Acanthocheilonema viteae in experimentally infected jirds.'?

0
Q N R;00C N R;HNOC N
O S—NHCONR R, CE S—NHCOOR CE S—NHCOOCH;
N N N
d

e f

7.2. Coumarin derivatives

Benzopyrone (coumarin) has been reported to reduce lymphodema in filarial patients and other
types of inflammation, apart from its effect on adult parasites, when administered alone or in
combination with DEC.'* In an attempt to develop such derivatives some compounds from our
laboratory earlier showed activity on adult filarial parasites of rodent species.'>* A number of 2H-1-
benzopyran-2-one and related compounds (a) synthesized in our group have shown significant

effects on macrofilariae.'* ?° A

series of 7-O-acetamidyl-4-alkyl-2H-1-benzopyran-2-ones (b)
prepared by us inhibited filarial DNA topoisomerase under in vivo condition in Setaria cervi and in
vitro against Brugia malayi.””’ One of the compounds with hexadecyl chain at N- was most
effective at 20 pg/reaction mixture concentration inhibiting topo-II activity by 80 %. Another
compound  4-methyl-7-(tetradecanoyl)-2H-1-benzopyran-2-one ~ (C)  showed  promising

microfilaricidal, adulticidal activity and also caused sterilization of female worms. '**

Coumarin Derivatives
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7.3. 9H-Pyrido[3,4-b] indoles

The 9H-pyrido[3,4-b]indole (B-carboline) moiety has been identified as a good pharmacophore for
macrofilaricidal activity during search for new antifilarial agents. Macrofilaricidal activities of 1-
substituted and 1,5-/1,6-/1,7- and 1,8-disubstituted-9H-pyrido[3,4-b]indoles, (a) and representatives
of pyrido[3,4-b]imidazo[1,2-c’]quinazolo[4,5-e] and [4,5-g]indoles (b and c) have shown varying

129-131

degree of antifilarial activity. Amongst 1-aryl-9H-pyrido[3,4-b]indole-3-carboxylate

derivatives,

the most potent compounds were methyl 1-(4-methylphenyl)-9H-pyrido[3,4-
blindole-3-carboxylate (d) and methyl 1-(4-chlorophenyl)-1,2,3,4-tetrahydro-9H-pyrido[3,4-
blindole-3-carboxylate (), which exhibited highest adulticidal and highest microflaricidal activity
against A. viteae at 50 mg/kg x 5 days (ip) respectively. Another compound, 1-(4-chlorophenyl)-3-
hydroxymethyl-9H-pyrido[3,4-bJindole (f) exhibited 94 %, 95 % and 62 % in vivo macrofilaricidal

activity when administered intraperitoneally against A. viteae, L.carinii and Brugia malayi

respectively.
O
Rs HN =N HN
N
" ) ¥ N O<Ce
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9H-Pyrido[3,4-b]indoles

7.4. Phenylimidazo[1,2-a]pyridine
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Recently, bis-amidine and bis-guanylhydrazone derivatives of substituted imidazo[1,2-a]pyridines
have been synthesized and evaluated for their macrofilaricidal activity against A. viteae and B.
pahangi.'” One of the compound 6-guanylhydrazone-2-(4’-guanylhydrazonephenyl)-imidazo[1,2-
a]pyridine has shown significant microfilaricidal activity against A. viteae at doses of 1.56-100

mg/kg.

PG n

NN \)_©\¢N\ PN

H H N” N
H H

Phenylimidazo[1,2-a]pyridine derivative

7.5. Disubstituted thiazole and selenazole derivatives

Kumar Y, et al'"** have synthesized and evaluated a series of 2-arylamido and 2-alkylamido
derivatives of 2-amino-4-isothiocyanatomethyl)thiazole and 2-amino-4-(isothiocyanatomethyl)
selenazole for their antifilarial activity but none of the compounds prepared in this study showed
significant activity against the adult worms of B. pahangi and A. vitae in jirds. Consequently, a 2-
methoxy carbamoyl group was designed into these compounds, to increase the efficacy for
inhibition of microtubule assembly, which is the prominent mode of action of the anthelmintic
benzimidazole carbamates. A series of methyl 4-(isothiocyanatomethyl)thiazole-2-carbamate and
methyl 4-(isothiocyanatomethyl) selenazole-2-carbamate have been prepared.””> One of the
compounds (X = S, Y= S) demonstrated significant in vivo antifilarial activity against the adult

worms of Acanthocheilonema viteae in experimentally infected jirds.

SCN / N YCN / N
)‘NHCOR )‘NHCOOMG
X X
X=S8,Se X=S§, Se
R = alkyl, alkylaryl Y =S, Se

2,4-Disubstituted thiazoles and selenazoles

7.6. Quinolones
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Few of the 6-carboxyquinol-4(1H)-one-3-carboxamides were found to possess significant

antifilarial activity.*® '’

These compounds, having macrofilaricidal and microfilaricidal activity
combined with sterilization of the female worms, are attractive candidate for the treatment of

filariasis. Some compounds also caused inhibition and death of adult male and female of B. malayi.

Quinolone derivatives

7.7. Aminoisoquinolines and aminoquinolines

Role of aminoquinolines and aminoisoquinolines as antimalarials is well documented but no
sincere efforts have been carried out in exploring this pharmacophore as an antifilarial. Recently,
aminoisoquolines and aminoquinolines with variety of substitutent at 5-, 8- and 4- positions have

138, 139 . . o
’ The micro and macro filarical activities of the

been reported to posses antifilarial activity.
synthesized compound were evaluated in vivo against A. viteae infection in M. natalensis. Few of
the compounds have shown promising microfilaricidal, adulticidal activities combined with
sterilization of female worms (> 80%) and offer useful lead to conduct further modification to

generate potent antifilarial agents.

NR|R, NHR
X N
~
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Aminoisoquinoline and aminoquinoline derivatives

7.8. Dicyano-2-(substituted) ethylenes
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Few of the compounds having 1,1’dicyano-2-(substituted) ethylenes moiety have been reported to
exhibit significant antifilarial activity. Some of the compounds shown below exhibited 91-76 %

microfilaricidal activity when administered at dose of 50 mg/kg i.p."*°

F
CN NN /©/ CN = N/\/OH CN % N/\/OH CN N oN
\QH \Cg\H \(;\ OH l? (}q %CN

1,1'-Dicyano-2-(substituted)ethylenes
7.9. Pyrazoles and triazines

Several pyrazole and triazine derivatives were synthesized and evaluated as antifilarial agent. These

compounds with microfilaricidal and adulticidal activity may be regarded as a potential candidate

for antifilarial chemotherapy.'*" '*
_NH,
NHR H)N\
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Nx ' X _NH
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Pyrazole and triazine derivatives

7.10. Secondary amines

Secondary amines of the following structures have been recently investigated as pharmacophores
for macrofilaricidal drug design. These compounds exhibited promising in vivo macrofilaricidal

activity when administered orally. The most potent compound was found to be N-hexylcyclohexyl

amine which showed 100 % adulticidal activity at 200 rng/kg.143

. (CH,);CH
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Secondary amine derivatives
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7.11. Epoxy sulphonamides and ethyne sulfonamides

Several 2-substituted 1,2-epoxyethanesulfonamides and ethynesulfonamides were synthesized and
evaluated for their antifilarial activity against Molinema dessetae either in vivo or in vitro and most
of the compounds were found to be active in vitro.'** ' Few of them also showed marked
macrofilaricidal activity in vivo without any microfilaricidal activity. The differences between the
in vivo and in vitro results may be due, in part, to the low chemical stability of the epoxy
sulfonamides. Despite this limitation, the activities observed suggest the further development and

testing of such compounds as macrofilaricides.

0 R (I?
| —
b 0

Sulphonamide derivatives

7.12. Carbohydrate derivatives

Several monosachharide derivatives have recently been reported from our group as potent
antifilarial agents. The activity in these compounds is attributed to their action on enzymes involved
in different metabolic pathways crucial for the survival of the filarial parasite. The compounds
synthesized were evaluated for their filarial glutathione metabolizing, immunomodulatory and
DNA topo-II inhibitory activities. Some of the compounds have shown potent in vitro and in vivo

... 48 146-150.
activities,*® 146150
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Synthetic carbohydrate derivatives

7.13. Vanillic acid analogs

Vanillic acid, isolated from the bark of Melia azadarach, has been reported for a broad spectrum
anthelmintic activity. Recently, a number of vanillic acid analogues have been synthesized and
evaluated against experimental filarial infections using cotton rats (Sigmodon hispidus) infected

151

with L. carinii. > Few of the compounds exhibited potent micro and macro filaricidal activity (> 80

%) with sterilization of surviving female worms (80-100%).

CONHNH, CONH—N\
OCH, OMe R,
R R

Vanillic acid analogs

7.14. Phenoxy cyclohexane derivatives

Several phenoxycyclohexane derivatives have been reported as potent inhibitor of
phosphoenolpyruvate carboxylase (PEP-Carboxylase), which is involved in glycolysis and
transforms phosphoenolpyruvate to oxaloacetate. Thus by targeting this enzyme, the metabolism of
carbohydrate is inhibited, which appears to be a novel path for killing filarial parasites as
carbohydrate is a major source of their energy. Phenoxycyclohexane derivatives inhibited the

. .. . - - .. . . . 152
enzyme in a non-competitive manner and show promise in vitro activity in animal studies."
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Phenoxycyclohexane derivatives

7.15. Organometallic complexes

These compounds known for protozoicidal activities have also been evaluated for their in vitro
antifilarial activity using two models: infective larvae of Molinema dessetae and adult female
worms of B. pahangi. It was found that Ir(I)-COD-pentamidine tetraphenylborate has potent
inhibitory activity in M. dessetae. Many other analogs have also shown potent antifilarial activity.
Recently several trivalent organoarsenicals have also been shown to posses in vitro antifilarial

activity against infective larvae of M. dessetae.'
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Organometallic complexes

7.16. Moxidectin

Moxidectin, a macrolide like avermectin, is currently in early clinical stages of evaluation for
onchocerciasis. It is found to be more effective than ivermectin in most of the animal models and
can be assessed as an alternative to ivermectin. The drug has potent effects on mf and results in
long term sterilization of female adult worms, but there is no evidence as yet showing its

macrofilaricidal action.'>*
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Moxidectin

7.17. Aplysinopsin analog

A synthetic analog of the marine alkaloid aplysinopsin, 3-[(2’-imino-3’-methyl-5’-ox0-4’-
imidazolidinylidene)methyl]-1-benzoyl-1H-indole has been reported to posses 90 %, and 64 %
macrofilaricidal activity against A. viteae and L. carinii at doses of 50 mg/kg and 30 mg/kg

respectively.'>

Aplysinopsin

7.18. Lymphotropic agents

The use of lymphatic system rather than the blood is another fruitful approach for delivery of
antifilarial drugs. Recently, anatomo-pathological studies have shown that all adult filarial worms
were in contact with the lymphatic system and this approach may lead to the development of highly
lymphotropic agents as potent macrofilaricide for use in filariasis chemotherapy. Several prodrugs
of closental, chlorambucil and niclosamide, expected to accumulate in the lymphatic system, have
been synthesized and evaluated for their activity on the filaria M. dissetae and few of them showed
promise in-vitro activity. In case of closental and chlorambucil prodrugs the most active prodrug
after treatment at 200 pmol/kg by the oral route was the 1,3-dipalmitoyl-2-succinyl-glycerol-

closantel. The delayed macrofilaricidal effect of closantel prodrugs was of interest to prevent

28



Curr.Med. Chem.13, 3319 ( 2006)

anaphylactic shock. In vitro, chlorambucil was active on M. dessetae infective larvae with an 1Cs

of 26 uM. However, no activity with chlorambucil and its prodrngs was observed in vivo.'

I OR
CN CH,CH,Cl
CONH@ CH@CI ROOC-(HZC)3@N\
CH,CH,Cl
I
R=H, Closantel
R=H, Chlorambucil
R = Palmitoyl, Palmitoyl closantel
R = 1,3-dipalmitoyl 1,3-dp-2-chlorambucil
R = 1,3-dipalmitoyl-2- 1,3-dp-2-succinyl-glycerol glycerol glycerol
succinyl glycerol, closantel

R = 1,3-dihexadecyl thio  1,3-dihexadecyl thio-2-
R = 1,3-dipalmitoyl-2-succin-  1,3-dp-2-succinamido-2- glycerol, chlorambucil glycerol
amide-2-amino glycerol,  amino glycerol closantel

Chemical structure of closental and its prodrug Chemical structure of chlorambucil and its prodrug

Niclosamide is regarded as a very effective agent against intestinal helmintic infections in man and
animals. However, it does not exhibit significant antifilarial activity when orally administered at
200 umol/kg. Its use as macrofilaricidal agent requires a modification of its resorption to reach the
filarial parasite, which has lymphaticodermic or lymphatic localization. The 5 prodrugs were
synthesized by bioisosteric replacement of the ester bond, linking the fatty acids to the glycerol
backbone (1- and 3- position), with more hydrophilic (amide) or more lipophillic (thioether)
function. The intrinsic antifilarial activity and the delayed effect of these compounds were
evaluated in vitro. Then, in vivo tests were performed with M. dessetae infective larvae to select the
best ligands. One of the prodrug (having a diamide function) was found responsible for an in vitro

delayed effect and an orally in vivo activity (200 pmol/kg when administered in a single dose)."”’
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8. FUTURE PERSPECTIVES
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Major advances in our understanding of several aspects of filariasis in the last few years will
ultimately lead to improved means of controlling the filarial infections. A better knowledge of the
epidemiological, pathological dynamics and immunological basis of infection of filarial disease can
greatly contribute to control filariasis in a better manner. The introduction of new diagnostic tools
like filarial antigen tests, ICT test, Ultrasonography and other have revolutionized treatment of
filariasis. Annual mass treatment with Diethylcarbamizine (DEC) either alone or in combination
with Ivermectin and Albendazole has been proven to be very effective in destroying microfilariae
and interrupting transmission. With this knowledge and armed with these tools, the WHO goal of
elimination lymphatic filariasis as a health threat by the year 2020 is achievable. But still there are
lots of drawbacks that need to be re-evaluated by modern research methods. Our knowledge about
precise filariasis cases is not validated and to know the exact estimate of filariasis other special
analysis tools need to be employed so that the geographic distribution of filariasis can be accurately
determined. Clinical diagnosis of acute filariasis is often difficult and can be confused with other
febrile inflammatory illnesses. Thus, there is a need to develop and trial clinical checklist that will
improve diagnosis, which can be done by improving the availability of standard kits for blood-
sample collection, DNA isolation, PCR amplification, and DNA product detection and also by
developing a multiplex PCR that could be used to detect and differentiate Brugia spp. and
Wuchereria from other filarial parasites. There is an urgent need to develop simple, effective health
promotion materials to inform people about the disease and its prevention. There must be research
into innovative, cost-effective means of drug delivery. Although the drugs presently available
appear to be very effective, there is still a great need to discover other anti-filarial drugs and
emphasis should be given to the development of effective macrofilaricides with larvicidal
properties. The identification and development of alternative antibiotics or regimens effective
against Wolbachia that could be used in MDA (mass drug administration) programs and offer
specific treatment to infected individuals should be entertained. Moxidectin should be evaluated for
effectiveness against lymphatic filariasis (LF) parasites as soon as possible and should undergo
clinical trials for evaluation of adulticidal or microfilaricidal activity in LF. More detailed
understanding of the biochemical pathways unique to the parasite and not present in mammalian
host provide a fruitful approach for the design of antifilarial drugs. With increased knowledge of
parasite physiology a directed rational search for new lead should be possible. Development of

techniques to monitor the emergence of drug resistance needs to be developed and trialed. As can
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be seen in the foregoing, much progress has been made in filariasis research and control, but a large

amount of work remains before afflict of filariasis is finally eliminated.
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	7.7. Aminoisoquinolines and aminoquinolines
	7.9. Pyrazoles and triazines 
	Several pyrazole and triazine derivatives were synthesized and evaluated as antifilarial agent. These compounds with microfilaricidal and adulticidal activity may be regarded as a potential candidate for antifilarial chemotherapy.141, 142
	Secondary amines of the following structures have been recently investigated as pharmacophores for macrofilaricidal drug design. These compounds exhibited promising in vivo macrofilaricidal activity when administered orally. The most potent compound was found to be N-hexylcyclohexyl amine which showed 100 % adulticidal activity at 200 mg/kg.143
	Several 2-substituted 1,2-epoxyethanesulfonamides and ethynesulfonamides were synthesized and evaluated for their antifilarial activity against Molinema dessetae either in vivo or in vitro and most of the compounds were found to be active in vitro.144, 145 Few of them also showed marked macrofilaricidal activity in vivo without any microfilaricidal activity. The differences between the in vivo and in vitro results may be due, in part, to the low chemical stability of the epoxy sulfonamides. Despite this limitation, the activities observed suggest the further development and testing of such compounds as macrofilaricides.
	Several monosachharide derivatives have recently been reported from our group as potent antifilarial agents. The activity in these compounds is attributed to their action on enzymes involved in different metabolic pathways crucial for the survival of the filarial parasite. The compounds synthesized were evaluated for their filarial glutathione metabolizing, immunomodulatory and DNA topo-II inhibitory activities.  Some of the compounds have shown potent in vitro and in vivo activities.48, 146-150.
	7.14. Phenoxy cyclohexane derivatives
	Several phenoxycyclohexane derivatives have been reported as potent inhibitor of phosphoenolpyruvate carboxylase (PEP-Carboxylase), which is involved in glycolysis and transforms phosphoenolpyruvate to oxaloacetate. Thus by targeting this enzyme, the metabolism of carbohydrate is inhibited, which appears to be a novel path for killing filarial parasites as carbohydrate is a major source of their energy. Phenoxycyclohexane derivatives inhibited the enzyme in a non-competitive manner and show promise in vitro activity in animal studies.152 
	7.16. Moxidectin
	7.17. Aplysinopsin analog
	A synthetic analog of the marine alkaloid aplysinopsin, 3-[(2’-imino-3’-methyl-5’-oxo-4’-imidazolidinylidene)methyl]-1-benzoyl-1H-indole has been reported to posses 90 %, and 64 % macrofilaricidal activity against A. viteae and L. carinii at doses of 50 mg/kg and 30 mg/kg respectively.155
	7.18. Lymphotropic agents
	Niclosamide is regarded as a very effective agent against intestinal helmintic infections in man and animals. However, it does not exhibit significant antifilarial activity when orally administered at 200 μmol/kg. Its use as macrofilaricidal agent requires a modification of its resorption to reach the filarial parasite, which has lymphaticodermic or lymphatic localization. The 5 prodrugs were synthesized by bioisosteric replacement of the ester bond, linking the fatty acids to the glycerol backbone (1- and 3- position), with more hydrophilic (amide) or more lipophillic (thioether) function. The intrinsic antifilarial activity and the delayed effect of these compounds were evaluated in vitro. Then, in vivo tests were performed with M. dessetae infective larvae to select the best ligands. One of the prodrug (having a diamide function) was found responsible for an in vitro delayed effect and an orally in vivo activity (200 μmol/kg when administered in a single dose).157 
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