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ABSTRACT

Objective: To report, based on the literature, the action of the
compound 5-hydroxy-1,4-naphthoquinone against parasites (pro-
tozoa and helminths) that affect humans. Methods: This is a nar-
rative review that used Pubmed and Google Scholar as a data
tool. This work included articles published until September 2020
that were directly related to the use of the compound juglone
in antiparasitic trials. Results: The compound juglone demon-
strated promising effects as a human and animal antiparasitic
substance. In protozoa, the Apicomplexo Toxoplasma gondii par-
asite showed a high mortality rate in concentrations of juglone in
the nanomolar range. The juglone showed an average inhibitory
concentration (IC50) of 1.62 yM, >100 yM, and 2.02 yM pyM for
Trypanosoma cruzi, T. brucei rhodesiense, and Leishmania don-
ovani, respectively. Also, the juglone showed antihelmintic activ-
ity on Hymenolepis nana in mice, and on adult worms of Schis-
tosoma mansoni (LE strain) with IC50 34.16 uM, 32.14 uM, and
25 uM in the 24h, 48h, and 72 h, respectively. Conclusion: The
results published so far show the in vitro antiparasitic potential of
juglone, and the need for further studies on the specific mode of
action that interacts with parasites. Besides, the literature is still
limited to studies that evaluate in vivo the compound juglone, re-
quiring better information on its interaction with living organisms.
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INTRODUCTION

Currently, more than 3.5 million individuals
worldwide are affected by one or more intestinal
parasites (1). However, as they are considered
endemic diseases only in poor regions and
communities, little attention is paid to new forms
of therapeutic practices (2). Despite this, there
are growing efforts by researchers to address
the neglect given to parasites that generate
morbidity worldwide (3). Juglone is a naturally
occurring naphthoquinone that has been widely
studied due to its importance in biological and
medicinal research (4). It is an amber-colored
compound, solid, with low water solubility and
good resistance to temperature variation. Its
structure is described as 5-hydroxy-1,4-
naphthoquinone, abundantly extracted from
stems, leaves, and seeds of different
evolutionary stages of plants of the species
Juglans nigra L., Juglans regia L., Juglans
cinérea L., Juglans sieboldiana L., belonging to
family Juglandaceae (4). Among these plant
species, J. nigra is the most used in the
extraction of juglone due to higher concentration
of this compound in its anatomical parts (5). In
traditional medicine, juglone plays a curative or
palliative role in some diseases, as it has
antibacterial  (6), anti-inflammatory  (7),
antihypertensive (8), sedative (4) properties.
Juglone has also been analyzed as a human and
animal antiparasitic. In protozoa it obtained
action under Toxoplasma gondii, Trypanosoma
cruzi, T. brucei rhodesiense, and Leishmania
donovani, while in helminths activity was
observed on Hymenolepis nana, Meloidogyne
spp. (9-11). Although the juglone has these
biological aspects mentioned, its mechanism of
action has not yet been fully elucidated.

OBJECTIVE

The report based on the literature about the
action of the compound 5-hydroxy-1,4-
naphthoquinone against parasites (protozoa and
helminths) that affect humans.

METHODS

This work is a narrative review that used the
Pubmed and Google Scholar platforms as a data
tool. This study included articles published until
September 2020 that were directly related to the
use of the compound juglone in antiparasitic
tests. For that, the keywords "Juglona",
"antiparasitic”, "helminths", and "protozoa" in
Portuguese and English were considered.
Repetition of articles found in the data platforms

and that was not associated with the
antiparasitic activity of the juglone were
excluded.
RESULTS

After carefully reading the articles provided by
the platforms, five studies were selected. The
compound juglone demonstrated promising
effects as a human and animal anti-parasitic
substance. In protozoa, the Apicomplexo
Toxoplasma gondii parasite showed a high
mortality rate in concentrations of juglone in the
nanomolar range. The high specificity of juglone
was observed in the intracellular parasite, with
no effect on the host cell (12). Also, it was
analyzed, through the technique of detection of
endogenous oxidative stress, the direct action of
juglone in the oxidative stress of T. gondii. For
Trypanosoma cruzi, T. brucei rhodesiense, and
Leishmania donovani, in vitro tests were carried
out using different concentrations of aqueous
extracts of Juglans spp., rich in juglone. Juglone
showed an average inhibitory concentration
(ICs0) of 1.62 puM, >100 puM, and 2.02 uM for
Trypanosoma cruzi, T. brucei rhodesiense, and
Leishmania donovani (9). Juglone also showed
antihelmintic activity on Hymenolepis nana in
mice (10) and on adult Schistosoma
mansoni worms (LE strain) (13). Magalhdes
demonstrated the anti-schistosomicidal capacity
of juglone in adult worms, for 72 hours. In their
analysis, the 1Cso varied between 34.16 uM,
32.14 uM, and 25 pM in the 24h, 48h, and 72 h
times, respectively. The extensive action of
juglone was also evidenced in trials involving
adult mollusks from Biomphalaria (Say, 1818),
the intermediate host of S. mansoniin Brazil
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(14). The naphthoquinone compound can act on
adult snails in low concentrations (ICsp = 1.4
ppm).

DISCUSSION

Juglone is an antiparasitic present promising
result, in vitro, as it is capable of acting directly
against parasites, and indirectly, as an
inflammatory, analgesic modulator and among
others (5,15). In traditional medicine, juglone
plays a curative or palliative role in some
diseases, as it has antibacterial (6), anti-
inflammatory (7), antihypertensive (5), and
sedative (5) properties. Although the juglone has
these biological aspects mentioned, its
mechanism of action has not yet been
elucidated. However, the antioxidant and
oxidative capacity of naphthoquinone is known,
making it a controversial molecule, capable of
generating protection for the biological system
and, at the same time, depending on the dose,
causing injuries (16). Juglone and other
naphthoquinones can modulate the redox cycle,
a mechanism responsible for therapeutic actions
in cancer and human infections (5). Through
catalysis by the NADPH cytochrome P-450
reductase, NADPH cytochrome b5, or NADPH
ubiquinone oxidoreductase enzymes, the
juglone undergoes an electron reduction with
subsequent formation of the semiquinone or
hydroquinone radical (7). The reduced species,
semiquinone, oxidizes by transferring an
electron to an acceptor molecule, leading to the
formation of bioactive species reactive to oxygen
(Oz- e, HO- o, 10, and Hzoz) (5) The
superoxide anion can react with other cell
structures, such as the Fe?* transition metal,
which by catalyzing or by reacting with hydrogen
peroxide, generates hydroxyl radicals within the
cell. Thus, the increased levels of the
aforementioned radicals, inactivate enzymes,
cause damage to the cell membrane, lipid
peroxidation, protein denaturation, and DNA
strand breaks, which can lead to cell death (17—
19). This is the main route of toxicity for juglone.
However, studies also report the ability of

juglone to deplete endogenous antioxidant
agents, such as glutathione (GSH) (18).
Through the GSH interaction with the juglone,
there is an increase in cellular toxicity and a
decrease in the amount of reduced glutathione,
and thus there is an oxidative stress process
(20). Such modulation in oxidative stress makes
juglone a controversial molecule since these
properties are capable of being effective against
cancerous cell lines, such as human bladder
carcinoma (TCC-SUB and RT-4), human
leukemia cell line, including resistant to the drug
doxorubicin, glioma (21), hepatoma (HepG2)
(22); and cytotoxic, in a normal cell line, L929
fibroblasts from BALB mice and rat skeletal
myoblasts (9,23). Despite the observed data, in
vivo studies aiming to evaluate the antiparasitic
potential, using murine or human models, are
not yet reported in the literature.

CONCLUSIONS

The results published so far show the in vitro
antiparasitic potential of juglone, and the need
for further studies on the specific mode of action
that interacts with parasites. Also, the literature
is still limited in vivo evaluations of the
compound juglone, to test its application in living
organisms.
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