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Filarial lymphedema is a chronic pathophysiological condition initiated by
parasitism by lymphatic filarial worms. Although the disease is not immediately
fatal, it is a significant social and economic issue, particularly in sub-Saharan
Africa. Given the ongoing need for effective therapeutic strategies for filarial
lymphedema, several countries have turned to natural products and herbal
interventions as promising source for developing anti-filarial agents to manage
lymphatic filariasis (LF). This review aims to classify various plant molecules
implicated in treating LF, with a focus on their anti-filarial properties. This
information can be used to further investigate their efficacy in managing
filarial lymphedema.
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1 Introduction

Lymphatic filariasis (LF) is one of the deleterious diseases classified as a neglected
tropical disease. It is caused by vector-borne nematodes that live in the tissue of infected
people (1). Wuchereria bancrofti, Brugia malayi, and Brugia timori transmitted by several
mosquito species cause the majority of human LF infections (2). According to WHO
estimates from 2019, 893 million people in 49 countries are at risk of the disease and
require preventive chemotherapy to stop transmission. About 36 million people worldwide
suffer from chronic manifestations of the disease, with 25 million men suffering from
hydrocele and millions suffering from filarial lymphedema. Over 1 billion people are
estimated to live in endemic regions, where filarial diseases are a public health concern (3).
The number of people living with disabilities increased from 850,000 in 1997 to 1.3 million
in 2017, necessitating additional management efforts to facilitate the elimination process
(4). Filarial infection is primarily associated with host inflammation from adult parasites,
which can lead to impaired lymphatic drainage and the accumulation of interstitial fluid in
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subcutaneous tissues known as lymphedema (5). Patients with
lymphedema have a lymphatic system that is highly susceptible to
bacterial infections due to their exposure to contaminated
environments. Bacteria such as Staphylococcus aureus, Escherichia
coli, Klebsiella pneumonia, Streptococcus pyrogens, and
Pseudomonas aeruginosa are commonly found to cause infections
in these patients (6).

Unfortunately, lymphedema is a disfiguring and debilitating
condition characterized by chronic swelling, stiffness, and
thickening of tissues in the affected areas (7). Although most
visible in the lower limbs, it can also commonly affect the breasts,
arms, scrotum, and genitalia. Lymphedema is a significant public
health issue associated with lymphatic filariasis due to the
impairment and disability it causes (8). While lymphedema is not
fatal, it can significantly reduce patients’ quality of life (9).
Currently, lymphedema has no cure, and treatment options are
limited. However, several preclinical studies have shown that
therapeutic lymphangiogenesis treatments can be effective for
secondary lymphedema (10). Kwarteng et al. (6) conducted a
study in rural Ghana and found that filarial lymphedema patients
have a shifting bacterial population that facilitates the entry of
pathogenic bacteria and displacement of commensals, which can
affect the therapeutic environment and lead to recurrent secondary
infections. To prevent filariasis, chemotherapy drugs such as
ivermectin, diethylcarbamazine (DEC), and albendazole are
administered in various combinations during community mass
drug administration (MDA) campaigns (11).

According to Kumar et al. (12), the drugs used for MDA kill
microfilaria from various filarial species but have minimal impact
on adult worms. Patients’ self-management of late-stage filarial
lymphedema complicates the healing process, and promotes
antibiotic-drug resistance (13) as observed in the Ahanta West
District in the Western Region of Ghana. The search for novel
therapeutic strategies for managing the pathological conditions
associated with filarial lymphedema has increased in recent years
as infectious diseases progress and pathogens develop resistance to
existing pharmaceuticals.

The use of medicinal plants to manage symptoms is an integral
part of the culture of the majority of the African and Asian
populations (14), making it a distinguishing feature. Herbal
medicine has gained attention from patients and practitioners as
a less expensive and less side effect-prone treatment for LF
infections (15). The use of herbal medicines has increased in
vascular and lymphatic trials for various reasons, including their
potential to inhibit endothelial proliferation and prevent metastasis
through angiogenesis (16). To effectively manage lymphedema
patients and alleviate their suffering, plant-mediated therapy must
address recurrent infections, swellings, acute inflammation, and
tumor formation (17). This review aims to evaluate the potential
Phyto-constituents for the treatment of filarial lymphedema, paying
particular attention to their anti-inflammatory, anti-filarial
(nematodicidal), and antimicrobial properties.
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2 Pathogenesis of filarial
lymphedema disease

The intricate life cycles of all human filarial nematodes require
an insect vector; mosquitoes. When a mosquito bites a person,
infectious-stage larvae: L3, are deposited in the human host’s skin
and move through the skin and enter the lymphatic vessels where
they go through molting and development to become L4 larvae and
ultimately mature into adult worms as shown in Figure 1. The adult
worms live in the lymphatics and lymph nodes, and after mating,
they produce live progeny known as microfilariae in the
bloodstream (18). For adult men, the preferred site is the scrotal
lymphatics. In women and children, the larger lymph vessels and
lymph nodes, draining the lower and higher limbs and the inguinal
areas have also been described.

Live adult filarial parasites in the lymphatic channels
immediately affect lymphatic endothelial cells along with innate
and adaptive immune system cells. The combined effect of the
persistent inflammatory response, parasite attrition, lymphatic
blockage, and other variables all contribute to the
pathophysiology and progression of filarial disease (19).
Inflammation affects the small lymphatic vessels, limiting their
ability to discharge fluid. Lymph stagnation promotes the growth
of bacteria invading the area. More so, any interference with the
skin integrity of the affected region, such as injuries, fungal or
bacterial infections, skin fissuring, and mossy knobs that harden at
the lower foot in the late stages of lymphedema, enhances the entry
of pathogenic bacteria into the tissues (6).

3 Therapy approaches in the
treatment of lymphedema

Complete decongestive therapy (CDT) is considered the
standard care for the treatment of lymphedema and aims to
reduce swelling, restore tissue homeostasis, and prevent infection
to improve the patient’s quality of life (20). CDT involves an
intensive daily phase until maximal volume reduction and tissue
texture normalization are achieved. This typically includes 60
minutes of manual lymph drainage and specialized massage to
stimulate the lymphatic system, followed by multilayer limb
bandages, exercises to improve lymphatic pumping, and fitting of
appropriate compression garments to maintain the reductions
achieved through treatment (21).

Benzopyrones have been proposed as a potential chemotherapy
for lymphedema, with the ability to decrease vascular permeability
and prevent fibrosis in lymphedematous limbs by enhancing
macrophage activity and accelerating protein lysis. However, there
is currently a lack of strong evidence to support the efficacy of this
treatment, particularly for the management of secondary
lymphedema such as filarial lymphedema (22).
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Control and Prevention (https://www.cdc.gov/parasites/lymphaticfilariasis/biology.html)

4 Phytochemicals used as
anti-filarial agents

Plant-based materials have emerged as a novel approach to the
management of lymphedema. Phytochemicals possess diverse
biological activities that assist the immune system in combating
pathogenic microorganisms and mitigating debilitating conditions
through their anti-inflammatory and antimicrobial properties (23).
These extracts elicit their bioactivity through adjuvant activity,
either single or combined, which triggers a Th1/Th2 response via
immunomodulation (24). Secondary metabolites, such as
flavonoids, terpenoids, coumarins, glycosides, alkaloids, and
steroids, have been identified in plants screened for their potential
in treating filarial lymphedema (25).

4.1 Flavonoids

Flavonoids are naturally occurring compounds found in the
plant kingdom, and they can be classified into three categories:
Flavones, Flavonols, and Flavonones (26, 27). These compounds are
abundant in fruits and vegetables and are considered an essential
component of many pharmaceutical, medicinal, and cosmetic
products due to their anti-oxidative, anti-inflammatory, anti-
mutagenic, and anti-carcinogenic properties, as well as their
ability to regulate critical cellular enzyme function (28).

The use of flavonoids in the ethnobotanical management of LF
is supported by their reported anti-filarial and antimicrobial
activities. Lakshmi et al. (26) investigated the anti-filarial potential
of six flavonoids both in vivo and in vitro. The study, uses an in vitro
motility assay with adult worms and microfilariae, a biochemical
viability test (MTT)-reduction assay and two animal models,
Meriones unguiculatus and Mastomys coucha revealed that all six
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flavonoids (naringenin, flavone, hesperetin, rutin, naringin, and
chrysin) exhibited anti-filarial activity against the human lymphatic
filarial parasite B. malayi at concentrations between 250-500 g/ml.
Notably, naringenin at 50 g/ml was found to eliminate 73% of
microfilariae worms, and naringenin and flavone were identified as
the most potent flavonoids among the six screened. Luteolin has
been implicated to exhibit immense anti-inflammatory activity by
blocking Nuclear Factor-kappa B (NF- kB) (29). Therefore, drugs
that block NF-B and reduce chronic inflammation may be effective
and safe anti-inflammatory drugs in filarial infection (30).

Kaempferol is a polyphenol antioxidant that is abundant in
fruits and vegetables, and it possesses several biological properties,
including antitumor, antioxidant, and anti-inflammatory effects
(31). Kaempferol also displays antimicrobial activity, with
minimum inhibitory concentrations (MIC) ranging from 32 to
512 pg/ml, and antioxidant properties, with an IC50 of 52.48 ug/
ml (32). Flavonoids are also known to have potent nematodicidal
action on second-stage juveniles of Meloidogyne incognita, a root-
knot nematode after 24 hours of incubation, as has been shown in
previous studies (33). Flavonoids exhibit anti-filarial and down
regulate inflammation process by inhibiting COX, a naturally
occurring enzyme responsible for the conversion of arachidonic
acid to prostaglandins and thromboxanes to induce inflammation
and pain (34).

4.2 Glycosides

Glycosides are natural secondary metabolites found in both
plants and animals which contain one or more sugar moieties
(glycone) linked together with a non-sugar molecule by a glycosidic
linkage. Various glycosides from a variety of plants have been cited
to exert anti-filarial actions. Barlerin (8-O-Acetyl shanzhiside
methyl ester) is an iridoid glucoside isolated from Barleria cristata
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(35). Extracts obtained from B. cristata leaves have shown
pharmacological activity in both in-vitro and in-vivo, including
antimicrobial, anti-inflammatory, antidiabetic, antioxidant,
hepatoprotective, and antifungal activity (36). Agnuside and
negundoside both glycosides from Vitex negundo, together with
vitegnoside effectively help in the management of filarial-associated
lymphedema due to their anti-inflammatory and antioxidant
properties (37). V. negundo, a herb used to manage filariasis
exhibited a substantial decrease in filarial adult worm motility in
a dose-dependent manner (38). Elsewhere, vitegnoside, from V.
negundo, is known to have medicinal values, such as anti-
inflammatory, antibacterial, antifungal, antimicrobial, antioxidant,
and anticancer properties (39). Vitegnoside elicits its anti-
inflammatory action by rendering p38 MAPK/MK2, JNK/c-Jun
inactive, and downstream NF-xB inflammatory transductions (40).
These studies suggest that negundoside, agnuside, and vitegnoside
are the most abundant secondary metabolites in the plant V.
negundo, and they are responsible for their use in managing LF
either in synergy or individually (41).

Asperoside and strebloside, two cardiac glycosides, have been
identified as anti-filarial agents. Asperoside has shown to be highly
effective in eliminating Litomosoides carinii, as well as having a
success rate of over 70% against both B. malayi and
Acanthocheilonema viteae at a dose of 50 mg/kg administered
orally in vivo. Both glycosides have also exhibited in vitro activity
against all three filarial species (42). In vitro tests revealed that the
two glycosides asperoside and streblosid were active against B.
malayi. However, L. carinii showed less susceptibility, possibly
due to metabolic differences. In a separate study, the alcoholic
extract did not exhibit significant activity against adult Setaria cervi
in vitro, suggesting that S. cervi is less susceptible to S. asper. An
attempt to separate the antifilarial active principle from the toxic
component by hydrolyzing asperoside into aglycon and sugar parts
did not yield comparable activity individually. The work therefore
indicates that both aglycon and sugar parts of the glycosides are
necessary for exerting antifilarial activity. Notably, the study
demonstrated that asperoside, a cardiac glycoside from the bark
of S. asper, possesses macrofilaricidal activity and gradually reduces
peripheral microfilaremia when administered orally. In contrast, the
standard drug DEC has no effect on adult L. carinii or A. viteae, but
shows some activity against B. malayi in mastomys. Other drugs
like ivermectin or mebendazole have minimal or no effect on adult
parasites when administered orally (42). The two isolated cardiac
glycosides, asperoside, and strebloside, were found to be responsible
for the plant’s anti-filarial properties, with asperoside being the
most potent and promising agent for drug development (43) due to
its ability to disrupt the glutathione metabolism of adult S. cervi.

4.3 Terpenes

Terpenes are naturally occurring compounds found in plants
and some animals, and they are responsible for the aromas, flavors,
and colors associated with several types of flora. Terpenes are
referred to as terpenoids when other functional groups such as
alcohols, aldehydes, or ketones are present in their chemical
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structures. They are considered the largest and most diverse
group of naturally occurring compounds and are classified based
on the available isoprene units present in their structure, known as
mono, di, tri, tetra, and sesquiterpenes (44). Triterpenoids, a
subclass of terpenoids, have been found to have various potential
biological activities, including anti-inflammatory, hepatoprotective,
antimicrobial, antimycotic, analgesic, and immunomodulatory
effects (45).

In Calotropis procera flowers, various compounds were
evaluated for their bioactivities. A001 and FO01 were investigated
for antifilarial activity in vitro using motility and 3-(4, 5-
dimethylthiazol-2-yl)-2, 5 diphenyltetrazolium bromide (MTT)
tests, as well as in rodent models of B. malayi-Meriones
unguiculatus and B. malayi-Mastomys coucha. Isolate FO01 from
the flowers showed the dose-dependent killing of 12-60% of the B.
malayi adult worm at 125-500 mg/kg, and further analysis
estimated that 0.61% of FOO1 was lupeol, 0.50% was B-sitosterol,
and 1.50% was triacontanol. The ethanolic crude extract also killed
approximately 49-54% of adult filarial parasite (46).

According to Wal et al. (47), lupeol and its derivatives have been
evaluated for their potential as anti-inflammatory and anti-cancer
agents, showing promising results in cytotoxic studies, as well as in
antimicrobial, anti-inflammatory, antitumor, and chemopreventive
properties. Kangsamaksin et al. (48) reported that lupeol was able to
downregulate TNF-alpha and VEGFR-2, thus exhibiting anti-
angiogenic and anti-cancer properties. In addition, Ahmad et al.
(49) found lupeol as an effective agent in reducing the infective stage
larvae of cyst nematode Heterodera zeae, causing a mortality rate of
91% and 93% at the concentration of 0.5% and 1%, respectively,
after 72 hours of exposure in vitro. Lupeol, therefore, is a potential
drug candidate to manage LF due to its larvicidal, anti-
inflammatory, and antioxidant activities. Further work, however,
needs to be done to clarify its anti-filarial action.

Bauhinia racemosa, a plant that is used to treat LF, was found to
be rich in lupeol (41). Moreover, Azadirachtin, a limonoid triterpene,
has also been shown to be effective in treating LF (41). Mukherjee
et al. (50) confirmed the anti-filarial potential of azadirachtin against
Setaria cervi, with an LC50 value of 6.28 ug/ml for microfilariae and
9.55 pg/ml for macrofilariae, using the Dye exclusion and MTT assay.
The physical damage caused to the parasites after the azadirachtin
exposure was remarkable, and its pharmacological effectiveness as a
drug against filariasis was demonstrated.

Nimbidin, a tetranortriterpene and a major component of neem
seed oil, has been shown to inhibit the movement of macrophages
to peritoneal sites and phagocytosis in rats when administered in
vivo at a dose of 5-25 mg/kg for three consecutive days (51). It also
inhibited PMA-stimulated respiratory bursts in these cells. In vitro,
studies on rat peritoneal macrophages have confirmed that
nimbidin suppresses the functions of macrophages and
neutrophils that are relevant to inflammation (51). Nimbidin,
nimbin, and nimbolide, all isolated from neem seed oil, have been
found to possess antibacterial, anti-inflammatory, and antioxidant
properties, which may explain the extensive use of neem,
Azadirachta indica, in the management of LF (52).

Another study demonstrated that the grass plant Cymbopogon
martinii, which is also used in the treatment of LF, contains the
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major terpenes Geraniol, Sabinene, Limonene, and Geranyl acetate
(41). In an evaluation of the efficacy of essential oils from various
plants against Meloidogyne graminicola (root-knot nematode), the
researchers found C. martinii (Roxb) to be a potent nematicide (53).
From the study, it cannot be fully admitted that all four
compounds are responsible for the activity of C. martinii in
managing LF. It can however be said that the compounds
contribute to the observed activity.

The crude extract from the Lantana camara stem had strong
anti-filarial efficacy, according to researchers. The crude extract
killed 43.05% of adult B. malayi parasites and sterilized 76% of
surviving female worms when supplied orally to experimentally
infected Mongolian gerbils. The extract also demonstrated
encouraging efficacy in a transplanted intraperitonially-gerbil
model, killing up to 80% of adult worms and sterilizing all
remaining female parasites. The extract was also efficient against
another filarial species, Acanthocheilonema viteae, in vivo with high
microfilaricidal (95.04%) and sterilization (60.66%) effects. The two
chemicals obtained from the extract, oleanonic acid, and oleanolic
acid, were found to be effective against B. malayi in vitro, LC100 at
31.25 and 62.5 ug/ml, respectively, on B. malayi in vitro (54).

The crude aqueous ethanolic Xylocarpus granatum extract had
adulticidal and embryotic effects against B. malayi in vitro. Gedunin
and photogedunin, two chemicals isolated from X. granatum had
excellent adulticidal effectiveness, respectively killing 80%
(IC50=0.239 ug/ml, CC50=212.5 pg/ml, SI=2889.1) and 70%
(IC50=0.213 pg/ml, CC50=262.3 ug/ml, SI=1231.4) at 5x 100
mg/kg of transplanted adult B. malayi transplanted in the peritoneal
cavity of the animal models (55).

The majority of terpenes implicated in the management of LF
are from the subclass triterpenes. Unfortunately, the mechanism of
these compounds is still not understood. This, therefore, presents an
area of research for natural product scientists.

4.4 Phenolic acids

Phenolic acids (PAs) are secondary metabolites found
throughout the plant kingdom and have been shown to possess
varied bioactive properties (56). The PA content of blueberry
polyphenol fractions was quantified using HPLC/MS-MS, and
their anti-inflammatory activities were investigated by induced
lipopolysaccharide-induced macrophages (56). Similarly, in a
study by Su et al. (57), the antioxidant capacities of the
polyphenol fractions of the blueberries were evaluated by the
DPPH assay, and the results proved that the antioxidant and
anti-inflammatory activities of the polyphenol fractions of the
blueberries agreed with their PA contents.

Cajanus scarabaeoides is a creeping, climbing flowering plant
with an abundance of phenolic acids (Gallic acid, cafteic acid, ferulic
acid) and some flavonoids. A study on the potential of C.
scarabaeoides as a filaricide indicated that polyphenols were
effective against all three developmental stages: eggs, microfilariae
(mf), and adults. Polyphenol LD50 values were determined to be
2.5, 10, and 35 g/ml, respectively. The HPTLC study revealed that
PAs were the major component found in C. scarabaeoides. (58).

Frontiers in Tropical Diseases

10.3389/fitd.2023.1168668

Therefore, PAs could be the main compounds eliciting the anti-
filarial action of C. scarabaeoides or may be doing that in tandem
with their flavonoid counterparts (58).

Furthermore, the anti-filarial potential of plant ferulic acid (59)
and resveratrol (50) have all been reported in the literature.
Significant antifilarial activity was observed in ferulic acid isolated
from the ethyl acetate fraction of Hibiscus mutabilis against both
micro- and macrofilariae of Setaria cervi. The antifilarial effect of
ferulic acid is achieved through the induction of apoptosis, which is
facilitated by the generation of oxidative stress. Additionally, the
level of certain antioxidants such as glutathione, glutathione-S-
transferase, and superoxide dismutase in the filarial nematode S.
cervi is downregulated and altered by ferulic acid (59).

5 Family of medicinal plants used to
treat lymphatic filariasis

Phytochemicals used in the treatment of LF are derived from a
diverse range of plant families, as evidenced by various works
reviewed. In an ethnobotanical survey conducted in South Africa
by Komoreng et al., a total of 46 plants were sampled, with the
highest number of seven (7) plants each belonging to the Asteraceae
and Hyacinthaceae families. The Euphorbiaceae family had four (4)
plants, Solanaceae had three (3), Fabaceae and Vitaceae had two (2)
each, while the remaining 23 plants belonged to other families (8).
The Asteraceae family contains essential oils, lignans, saponins,
polyphenolic compounds, phenolic acids, sterols, and
polysaccharides, with total phenolic content ranging from 8.035
to 90.305 mg GAE/L and total flavonoid content from 18.031 to
185.437 mg QE/L (60). Similarly, the Hyacinthaceae family contains
a range of phytochemicals, including alkaloids, tannins, saponins,
phytosterols, phlobatinins, terpenoids, cardiac glycosides, phytates,
and oxalates (61).

Kumar and colleagues evaluated 17 plants used for managing
LF in India, which belonged to various plant families. Among these,
one plant each was identified from Apiaceae, Asteraceae-
Heliamtheae, Acanthaceae, Piperaceae, Verbenaceae,
Plumbaginaceae, Menispermaceae, Meliaceae, Sapindaceae,
Mimosaceae, Euphorbiaceae, Umbelliferae, Senecioneae,
Solonaceae, and Zingiberaceae, while two plants were from
Fabaceae family (12).

Shrivastava et al. (62) conducted research on the use of herbal
plants in the treatment of LF, with a focus on non-toxic novel herbal
drugs with anti-filarial activity. They identified 78 different plants
used to treat LF, belonging to various families. The Fabaceae and
Leguminosae families had the highest number of five (5) plants
each, followed by Euphorbiaceae and Meliaceae families with four
(4) plants each, and Malvaceae, Apocynaceae, Asteraceae,
Compositae, Caesalpinaeceae, and Verbenaceae families with
three (3) plants each. Other families had two (2) or one (1)
plant each.

Plants belonging to the Fabaceae family are known to contain
various phytochemicals such as flavonoids, lectins, saponins,
alkaloids, carotenoids, and phenolic acids, which are present in
every genus of the family (63). Meanwhile, the Leguminosae family
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has been found to contain alkaloids, flavonoids, terpenoids, tannins,
saponins, and phenolic acids among various species (64). The
overall findings suggest that Asteraceae was found to be the
family with the most plant species used for the management of
LF, followed by Fabaceae.

6 Conclusion

Filarial lymphedema has been treated using chemotherapeutic
agents, but their use is limited. These agents are effective at reducing
the mf load in the blood, alleviating symptoms and interrupting
transmission. They do, however, have a minimal direct impact on
adult worms. Adult worm persistence is a key difficulty in filarial
disease control since it might result in the recurrence of mf and
clinical symptoms. Individuals with established lymphatic filariasis
(LF) can continue to endure chronic symptoms and long-term
problems linked with the existence of adult worms even in the
absence of an active infection. To target adult worms directly,
alternative approaches such as macrofilaricidal drugs or
interventions that affect the viability, fertility, or survival of adult
worms must be sought. To overcome this challenge, phytochemical
extracts have emerged as a more effective approach for managing
this disease. Plant products are readily available and affordable,
making them a popular choice in the treatment of LF, especially in
tropical regions. We reviewed the available evidence on many plant-
derived compounds that have been isolated and used to manage LF.
These compounds act individually or in combination with other
molecules to produce anti-inflammatory, antimicrobial, and
nematodicidal effects. However, the phytochemicals’ method of
action was not determined, which may restrict their use in
medication development. In the absence of a better understanding
of how these chemicals interact with biological targets, optimizing
their therapeutic potential based on their mechanisms of action
becomes difficult. More research and clarification on the particular
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