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Abstract: Leishmaniasis is an important disease affecting global public health which is spread by sand
fly having different species. Various chemical drugs are used to treat and control Leishmaniasis including
pentavalent antimonials, antimicrobial and antibiotics. Due to emergence of drug resistance, these
therapeutic options are losing effectiveness in attaining success. Furthermore, these drugs are expensive
and have toxic effects on liver and kidneys. There has been an emerging interest and excellent response
by using plant based drugs and extracts to control Leishmaniasis. Different medicinal plants including
Glycyrrhiza glabra, Allium sativum, Peganum harmala and Nigella sativa have shown excellent anti-
leishmanial activity. Therefore, medicinal plants can help in effective drug development against
Leishmaniasis diseases in both animals and humans which will be safer and health protective.
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Resumen: La Leishmaniasis es una enfermedad importante que afecta la salud publica mundial y que es
transmitida por las moscas de la arena, que tienen diferentes especies. Se utilizan varios medicamentos
quimicos para tratar y controlar la Leishmaniasis, incluidos los antimoniales pentavalentes,
antimicrobianos y antibioticos. Debido a la aparicion de resistencia a los medicamentos, estas opciones
terapéuticas estan perdiendo eficacia para lograr el éxito. Ademas, estos medicamentos son costosos y
tienen efectos toxicos en higado y rifiones. Ha habido un interés emergente y una excelente respuesta
mediante el uso de extractos y medicamentos a base de plantas para controlar la Leishmaniasis.
Diferentes plantas medicinales como Glycyrrhiza glabra, Allium sativum, Peganum harmala y Nigella
sativa han mostrado una excelente actividad anti-leishmanial. Por lo tanto, las plantas medicinales pueden
ayudar en el desarrollo de farmacos eficaces contra las enfermedades de la leishmaniasis tanto en
animales como en seres humanos, lo que serd mas seguro y proteja la salud.
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INTRODUCTION

Parasitism is a global problem effecting health of
human and animal population all over the world (Li
et al., 2020; Salman et al., 2020). Parasites have
complex lifecycles and have variation in transmission
routes. Parasites also act as vector of many important
diseases which appose serious threat to public health
like Leishmaniasis (Oryan et al., 2015). Leishmania-
sis is an important widespread disease affecting both
humans and animals which is caused by Leishmania
parasites having different species (L. donovani, L.
major, L. mexicana, L. amazonensis) and is
transmitted by vector sand fly of genus Phlebotomus
and Lutzomyia. The parasite lives in mononuclear
phagocytic cells of vertebrates (Dujardin et al., 2008;
Li et al, 2020). According to World Health
Organization, Leishmaniasis is endemic in 88
countries of the world including Middle East, South
America, Europe and Asia, and is one of the seven
most important tropical diseases with a potentially
fatal outcome (Andrade-Narvaez et al., 2003).
Overall in the world about 12 and 15 million people
are infected with Leishmania species. About 350
million people are at risk and each year 1-2 million
new cases are reported while 70,000 deaths are
attributed to this disease (Bravo & Sanchez, 2003;
Khezzani & Bouchemal, 2017).

Leishmaniasis mostly occurs in visceral form,
known as kala-azar, and cutaneous form which
causes serious threats to human health including
young children and adult population all over the
world. In cutaneous Leishmaniasis form, major
clinical signs include severe cutaneous lesions which
start in the nasal and oral mucosa and spread to
pharynx, larynx, forearms and esophagus (Khezzani
& Bouchemal, 2017). In extreme cases, death may
also occur due to pain and atrophy of respiratory
mucosa. In visceral Leishmaniasis, black fever
lesions may appear in reticuloendothelial system and
may include Ilymphadenopathy, hepatomegaly,
splenomegaly, cutaneous pigmentation, weight loss
and ultimately death (Desjeux, 2004).

Various drugs are used to treat Leishmaniasis
including pentavalent antimonials, antimicrobial and
antibiotics (Rezaei et al., 2017). Pentavalent
antimonials are used as first line of treatment against
cutaneous and visceral Leishmaniasis. The second
choice therapeutic agents are amphotericin-B and
pentamidine which are used to treat the visceral form
(Amato et al., 2008). Unfortunately, commercially
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available anti-leishmanial drugs are losing their
effectiveness mainly because of emergence of
resistant strains of Leishmania, furthermore, toxic
effects of on human health are additional drawbacks
of these drugs (WHO, 2010).

So, exploration of diverse and alternative
compounds and therapeutic agents against diseases of
public health and livestock is appealing approach
(Abbas et al., 2017; Abbas et al.,2019; Afsheen et al.,
2019; Ali et al., 2020; Zhang et al., 2020). Among
natural agents botanicals and their compounds have
shown encouraging therapeutic properties against
various parasitic diseases including Leishmaniasis
(Townson, 2001; Khare et al., 2014; Mans et al.,
2016; Rahman & Mohsin, 2019).

A considerable work has been reported on the
successful development of anti-lesihmanial drugs
from medicinal plants. Some previous and recent
work is summarized in Table No. 1.

Anti-leishmanial effects of some important
medicinal plants

Glycyrrhiza glabra

Glycyrrhiza glabra belongs to the Fabaceae family
and contains glycyrrhizic acid (GA) which has shown
anti-leishmanial activity and its mode of action has
also been discovered. GA showed dose dependent
anti-leishmanial ~ efficacy by inhibiting the
promastigotes and intracellular amastigotes stages of
the parasites (Dinesh et al., 2017). The results of this
study showed that GA inhibits the parasites growth
by affecting sterol biosynthetic pathway, especially
by inhibiting the enzymatic activity.

Ferula szowitsiana

More than 133 species belonging to the Apiaceae
family are distributed throughout the Mediterranean
area and central Asia such as Iran and Afghanistan
and most found genus is Ferula (Bafghi et al., 2014).
The part used is an oleo gum resin, obtained by
incision from the stem and root, and called asafetida,
which is used for its anticonvulsant, antispasmodic,
carminative,  digestive,  expectorant,  sedative,
antihysteric, laxative, aphrodisiac, antiseptic and
analgesic activities (lranshahi et al., 2007). Many
Asian countries use this plant against intestinal
parasites (Emami et al.,, 2010). Sesquiterpene
coumarins which were isolated from Ferula
szowitsiana showed anti-leishmanial effects against
the promastigote forms (Iranshahi et al., 2007).
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Table No. 1
Plants reported for their anti-leishmanial activity
Plants Common Family Name Main Reference
Name/English Name Component
Allium sativum Garlic Amaryllidaceae Allicin, Alliin Ghazonfari et al., 2000
Shang et al., 2019
Allium sativum Garlic Amaryllidaceae Allicin, Alliin Ghazonfari et al., 2000
Shang et al., 2019
Artemisia absinthium Wormwood Asteraceae Endoperoxide Azizi et al., 2016
Artemisia absinthium Wormwood Asteraceae Endoperoxide Azizi et al., 2016
Artemisia aucheri Artemis Asteraceae Camphene Sharif et al., 2006
B-Myrcene
Artemisia aucheri Artemis Asteraceae Camphene Sharif et al., 2006
B-Myrcene
Artemisia dracunculus Estragon Asteraceae a-Pinene, Myrecene, Rezaei et al., 2017
Limonene
Artemisia dracunculus Estragon Asteraceae a-Pinene, Myrecene, Rezaei et al., 2017
Limonene
Cassia fistula Amaltas Fabaceae Sterol, clerosterol Barati et al., 2010
Sartorelli et al., 2007
Cassia fistula Amaltas Fabaceae Sterol, clerosterol Barati et al., 2010
Sartorelli et al., 2007
Cinnamomum cassia Cassia Lauraceae a-Pinene, B-Pinene Afrinetal., 2019
Echinacea purpurea Purple coneflower Asteraceae Cichoric acid Sadati et al., 2011
Echinacea purpurea Purple coneflower Asteraceae Cichoric acid Sadati et al., 2011
Ferula asafetida Asafoetida Apiaceae Resin, volatile oil, Alborzi et al., 2003
Eucalyptol Bafghi et al., 2014
Ferula asafetida Asafoetida Apiaceae Resin, volatile oil, Alborzi et al., 2003
Eucalyptol Bafghi et al., 2014
Ferula szowitsiana Asafoetida Apiaceae Coumarins, Iranshahi et al., 2007
Phenylpropanoid
Glycyrrhiza glabra Liquorice Fabaceae Glycyrrhizic acid Chenetal., 1993
Dinesh et al., 2017
Glycyrrhiza glabra Liquorice Fabaceae Glycyrrhizic acid Chenetal., 1993
Dinesh et al., 2017
Haplophyllum Sadaap Rutaceae Diphyllin Giorgio et al., 2005
bucharicum
Tasmanian bluegum Eucalyptus Myrtaceae Galic acid Tahir et al., 1998
Tasmanian bluegum Eucalyptus Myrtaceae Galic acid Tahir et al., 1998
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Table No. 2
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Effects of medicinal plants on Leishmania parasite

Plant Name Common Name Family Name Effects Refernce
Allium sativum Garlic Amaryllidaceae | Destroyed Promastigote Gharavi et al., 2011
form
Aloe latex Aloe Asphodelaceae Effect on growth Delavari et al., 2013
Artemisia annua wormwood/Gandwash Asteraceae Effective against the Emami et al., 2012
promastigote form
Capsicum annuum Kapsa Solanaceae Effective against the Yakhchali et al., 2013
promastigote form
Cassia fistula Amaltas Fabaceae Destroyed the Barati et al., 2010
Promastigote form
Eucalyptus globulus Blue gum Myrtaceae Reduced cutantaneous Babaee et al., 2007
lesions
Haplophyllum Sadaap Rutaceae Inhibited growth of Giorgio et al., 2005
bucharicum amastigote form
Mimosa tenuiflora Jurema Fabaceae Reduced parasitic Shamsuddini et al., 2006
growth
Nigella sativa Blach seed Ranunculaceae Reduce the parasitic Pirali-Kheirabadi et al.,
growth 2013
Peganum harmala Harmal Nitrariaceae Inhibitory effect on Yousefi et al., 2009

promastigote and
amastigote forms

Stachys Wood betony Lamiaceae Inhibitory effect on Naserifard et al., 2013
lavandulifolia promastigotes
Zajuria multiflora Thyme Lamiaceae Reduce the parasitic Hejazi et al., 2009
Boiss growth

Artemisia annua

Plants of the Asteraceae family are popular for their
various medicinal properties. Artemisinin is a well
know antimalarial compound derived from Artemisia
annua or sweet wormwood. Artemisinin has also
been reported for its activity against Leishmania
infects the macrophages and
normalizes the nitrite production and mMRNA
expression, this study showed the parasiticidal and
protective
artemisinin has also shown depolarization of the
mitochondrial membrane along with a substantial
depletion of adenosine triphosphatase (ATP) in al.,

donovani

host

which

response. In

another

Cassia fistula

study,

Leishmania promastigotes (Heidari et al., 2012; De

Sarkar et al., 2019). Furthermore, artemisinin when
administered at doses of 10 mg/kg and 25 mg/kg of
body weight lowered the parasitic burden (Sen et al.,

2010).

towards

2010).

Haplophyllum bucharicum
Haplophyllum bucharicum belongs to Rutaceae
family and have shown antiproliferative activity
monocytes  and

human

Cassia fistula belongs to the Fabaceae family.
Hexane extract from fruits of Cassia fistula has been
reported for its antileishmanial activity against the
promastigote forms of Leishmania L. chagasi. 1Cso
value of 10.03 pg/mL showed inhibitory effect
against the promastigote stages of the parasites
(Sartorelli et al., 2007). Another study showed that
the combination of meglumine antimoniate and
Cassia fistula fruit gel was very effective in curing
cutaneous Leishmaniasis and proved to be the best
choice against cutaneous Leishmaniasis (Jaffary et

Leishmania
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promastigotes by inhibiting the protein synthesis
(Giorgio et al., 2005). In an in vitro study, diphyllin
isolated from H. bucharicum exerted a strong specific
inhibitory activity against Leishmania by interference
with surface molecules of the promastigote
membrane. Diphyllin exerted a strong specific
inhibitory activity resulting from the inhibition of
parasite internalization within macrophages (Giorgio
et al., 2005).

Nauclea diderrichii

Nauclea diderrichii belongs to Rubiaceae family.
Quinovic acid glycosides and the alkaloid cadambine
acid have been identified in this plant. Four quinovic
acid glycosides and cadambine acid revealed a strong
antileishmanial activity (ICsp = 1 uM) highly specific
for the intracellular amastigote form of the parasite.
Four quinovic acid glycosides and cadambine acid
revealed a strong anti-leishmanial activity (ICsp = 1
M) highly specific for the intracellular amastigote
form of L. infantum. Quinovic acid glycosides were
shown to inhibit parasite internalisation by interfering
with promastigotes while cadambine acid exerted
immunomodulatory activity by inducing NO
production in human macrophages (Lamidi et al.,
1995, Giorgio et al., 2006). Another study reveals
that quinovic acid glycosides having
immunomodulatory activity by inducing NO
production in human macrophages and inhibit
promastigotes internalization (Ogunkolade et al.,
1990). The combination of amphotericin B and
cadambine acid used as conventional therapy against
Leishmania species (Giorgio et al., 2006).

Portulaca werdermannii

Plants of Portulacaceae family are distributed all
over the world having pharmacological properties
such as analgesic, antibacterial, skeletal muscle-
relaxant, wound-healing, anti- infammatory and a
radical scavenger (Askari et al., 2016). In one study,
the extracts of Portulaca werdermannii and
Portulaca hirsutissima showed in vitro anti-
leishmanial and immunomodulatory effects against L
amazonensis and T. cruzi parasite cultures (Costa et
al., 2007).

Piper rusbyi

Piper rusbyi belongs to the Piperaceae family has
various bioactive compounds like kavapyrone (7
R,8S)-epoxy-5,6-didehydrokavain (Nwaka &
Hudson, 2006) and the chalconeflavokavain B have
anti-leishmanial effects (Pérez et al., 2002). All

Medicinal plants effective against Leishmaniasis

bioactive compounds showed in vitro anti-
leishmanial activity. Likewise, in vivo efficacy of
kavapyrone was also shown against cutaneous
leishmaniasis.

Artemisia absinthium

Artemisia absinthium belongs to family Asteraceae,
commonly known as wormwood enriched with
essential oils (Chamazulene, nuciferol butanoate,
nuciferol propionate, caryophyllene  oxide,
phellandrene, pinene, azulene -thujone) and phenolic
compounds like syringic, chlorogenic, caffeic acid,
ferulic acid which have diverse biological properties
(Cefalu et al., 2008). They are known to have diverse
antiparasitic, antibacterial, antifungal, antidepressant
and cytotoxic. Anti-parasitic apoptotic effect was
seen at high concentrations of A. absinthium against
promastogote L. major (Azizi et al., 2016). In another
study, essential oil of A. Absinthium showed in vitro
inhibitory effect on promastigote form of L. major.
The essential oil of A. Absinthium also reduced the
progression of lesions (Khanjani et al., 2015).

Artemisia dracunculus

Artemisia  dracunculus (Tarragon) from the
Asteraceae family contains artemisinin compounds,
have antiparasitic effects due to endoperoxide groups
(Mueller et al., 2004). In a recent study, the in vitro
anti-leishmanial effect of the extract of Artemisia
dracunculus was evaluated and compared to control
treatment with pentavalent antimony (meglumine).
Results of study revealed that all concentrations
significantly reduced the number of promoastigotes
of L. major with an efficacy of more than 50% at 10
pug/mL (Rezaei et al., 2017).

Urtica dioica

Urtica dioica commonly known as stinging nettle
belongs to family Urticaceae is enriched with many
active compounds including tannins and glucoside
compounds. Urtica dioica has been used as
anticancerous, anti-inflammatory, antirheumatic and
antioxidant agent (Bourgeois et al., 2016). In a
recent study, aqueous extract of Urtica dioica killed
the L. major amastigotes. In addition, the lesion size
and parasite load were decreased in the treated
infected mice (Badirzadeh et al., 2020).

Mechanism of action of medicinal plants

Natural compounds obtained from different parts of
plants (leaves, roots, fruits or seeds) are commonly
used in medicine to treat Leishmaniasis (Colares et
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al., 2013). These compounds act against Leishmania
by different mechanisms. Some medicinal plants are
enriched with esssential oils which are composed of
different hydrophobic molecules (sesquiterpenes and
terpenes, monoterpenes) which can diffuse easily
across cell membranes and consequently gain access
to intracellular targets (Colares et al., 2013; Machado
et al., 2014). Terpenes can easily penetrate the lipid
bilayer of cell membrane and produce changes in the
integrity of cell structures and mitochondrial
membrane of Leishmania parasite (Colares et al.,
2013). Furthermore, the active ingredients in some
plant extracts such as diphyllin isolated from
Haplophyllum bucharicum are involved in interaction
with macromolecules and lead to cell cycle arrest and
inhibition of protein synthesis of parasite (Giorgio et
al., 2005). Plants enriched with antioxidant
compounds such as flavonoids (catechins) are able to
form complexes with the parasite cell wall and hence
inhibit the parasitic growth. Artemisinin present in
Artemesia annua plant causes depolarization of the
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Leishmaniasis is a neglected disease affecting a large
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that anti-leishmanial vaccines may not become
available in the near future, the search for better
drugs should be continued. Due to drug resistance
and toxic effects of synthetic drugs on health, this
method is not much appealing. Natural products may
offer an unlimited source of chemical diversity to
identify new drugs against Leishmaniasis. Different
medicinal plants as reported in this review have
shown therapeutic effects and have potential in
effective drug development against Leishmaniasis
disease. Exploration of different medicinal plants can
provide a better solution to control this severe disease
and can play an important role in addressing public
health issue.
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