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Anxiolytic effects of Leishmania
braziliensis proteins in a
zebrafish animal model

Efeitos ansioliticos das proteinas de Leishmania braziliensis
em modelo animal de zebrafish
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Resumo

Introducdo. A leishmaniose esta entre as 22 doengas mais negligenciadas em todo o mundo.
Pouco se fala das evidéncias do acometimento neuroldgico que a leishmaniose pode acometer,
devido as ulceragdes formadas na pele em curto e em longo prazo. Todavia, alguns autores ja
citam que a leishmania pode causar inflamagdo no sistema nervoso central, podendo
desencadear processos neuropsicomportamentais como a ansiedade. Objetivo. O presente
estudo enfoca a avaliacao dos efeitos das proteinas totais de Leishmania no sistema nervoso
central no modelo de Zebrafish. Método. Foram realizados, inicialmente, o cultivo da
Leishmania para serem extraidas as proteinas totais pelos métodos de Sonicagdo e Bradford.
Apds a extracdo das proteinas totais, foram inoculados no peixe-zebra para a observacao da
sintomatologia ocasionada pela carga de proteinas, e, ap0ds os 7 dias de inoculagdo, realizamos
os testes comportamentais (Campo Aberto e Claro & Escuro). Resultados. Os peixes tratados
com proteina de Leishmania apresentaram varias alteragdes cutaneas, bem como alteracoes
comportamentais. Os testes comportamentais de campo aberto mostram um numero de
cruzamentos altos em relagdo ao grupo controle. No teste claro e escuro, o peixe-zebra teve
uma permanéncia maior no campo claro, sendo observada uma agdo ansiolitica nos animais
que receberam a administracdo das proteinas. Conclusao. As proteinas totais de Leishmania
podem, sim, ter uma agdo ansiolitica no modelo de zebrafish.

Unitermos. Leishmania; Proteinas; Ansiedade; Sistema Nervoso Central

Abstract

Introduction. Leishmaniasis is among the 22 most neglected diseases worldwide. Few
information is related about the evidence of neurological involvement that leishmaniasis can
cause due to the ulcerations formed in the skin along short and long term. However, some
authors have cited that leishmaniasis can cause inflammation in the central nervous system,
which can trigger neuropsychomotor processes such as anxiety. Objective. The present study
focuses on the evaluation of the effects of total Leishmania proteins on the central nervous
system in the Zebrafish model. Method. Leishmania was initially cultured to extract total
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proteins by Sonication and Bradford methods. After total protein extraction, the zebrafish were
inoculated to observe the symptomatology caused by protein load, and after seven days of
inoculation, we performed the behavioral tests (Open Field and Bright & Dark). Results. The
fish treated with Leishmania protein showed several cutaneous alterations, as well as
behavioral changes. The open field behavioral tests showed a high number of crosses
compared to the control group. In the light and dark test, the zebra fish had a longer stay in
the light field, and an anxiolytic action was observed in the animals that received the protein
administration. Conclusion. The total Leishmania proteins may have an anxiolytic action in
the zebrafish model.

Keywords. Leishmania; Proteins; Anxiety; Central Nervous System

Resumen

Introduccién. La leishmaniosis estd entre las 22 enfermedades negligenciadas en todo el
mundo. Se habla poco de los indicios que la leishmaniosis puede provocar de forma
neuroldgica, debido a las ulceraciones que se forman en la piel a corto y largo plazo. Pero
algunos autores, ya citaron que la leishmaniosis, puede causar inflamacion en el sistem
nervioso central, pudiendo desencadenar procesos neuropsico comportamentales como la
ansiedad. Objetivo. El presente estudio se enfoca en la evaluacién de los efectos de las
proteinas totales de la Leishmaniosis en el sistema nervioso central en el modelo del pez cebra
(zebrafish). Método. Inicialmente se realizd un cultivo de Leishmaniosis para extraer las
proteinas totales mediante los métodos de sonicacion y Bradford. Después de la extraccion de
las proteinas totales estas fueron inoculadas en el pez cebra para observar los sintomas
causados por la carga de proteinas, y tras 7 dias de inoculacién realizamos las pruebas de
comportamiento (campo abierto, luz y oscuridad). Resultados. Los peces tratados con la
proteina de Leishmania mostraron diversas alteraciones en la piel y en el comportamiento. Las
pruebas de comportamiento en campo abierto muestran un elevado nimero de cruzamiento
en comparacion con el grupo de control, en la prueba de luz y oscuridad, los peces cebra
tuvieron una mayor permanencia en el campo luminoso, y se observé una accidén ansiolitica
en los animales que recibieron la administracion de proteinas. Conclusidén. Las proteinas
totales de Leishmania pueden tener una accién ansiolitica en el modelo del pez cebra.
Palabras clave. Leishmania; Proteinas; Ansiedad; Sistema Nervioso Central
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INTRODUCTION

Leishmaniasis is among the 22 neglected diseases, in
which cutaneous leishmaniasis is the primacy worldwide!.
According to the World Health Organization 2017 (WHO),
leishmaniasis intimidates about 350 million men, women,
and children worldwide, leading to about 1 to 2 million new
cases each year?.

Leishmania presents several symptoms described in the

literature, among them, one can mention alterations in the
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central nervous system (CNS). It has been observed that
dogs infected by this disease presented clinical and
neurological signs, and in further analysis of their
cerebrospinal fluids, they presented antigens for
Leishmania3.

The immune response to an infection can produce
various pro-inflammatory cytokines that can cross the blood-
brain barrier*>. Leishmania is a protozoan that can produce
immunomodulatory mechanisms that can regulate or even
modify the inflammatory response in the central and
peripheral nervous system by causing the regulation of pro-
and/or anti-inflammatory cytokines®’. Cytokines are
activated due to the activation of the Thl immunity in
contrast to the Th2 immune response that monitors the Thl
functions, observing the activation of macrophages in benefit
of disease progression®®. This immune response generated
by cutaneous Leishmania could lead to neuroinflammation’.

The zebrafish comes as an innovation for the scientific
community, and its use has increased significantly in recent
decades. It is a vertebrate species with high physiological
and genetic homology with humans, easy to manipulate, and
morphological similarity to the central nervous system?°,
Thus, this study aims to evaluate the effects of total
Leishmania proteins (PrLeish) in the promastigote form on

the CNS in the zebrafish animal model.

Rev Neurocienc 2023;31:1-20.



METHOD
Obtaining the Leishmania

The virulence of Leishmania (Viannia) braziliensis strain
(MCAN/BR/98/R619 - provided by Fiocruz Rio de Janeiro)
was maintained by a regular passage in cultures at 22.4°C
in N.N. N (Neal, Novy, Nicolle) medium containing Schneider
supplemented with 20% inactivated fetal bovine serum
(SBF), 2% sterile human urine, 5 ml of blood agar medium.
Promastigotes in the stationary phase with up to three
culture passages were used. Leishmania aliquots were placed
in an Eppendorf tube and frozen to maintain sample stability
and use at various stages of testing was possible. After
Leishmania culture, it was centrifuged at 3,000 rpm for 10
minutes at 4°C to obtain the sediment formed in the falcon
tube. The sediment was taken to the oven at a temperature
of 22.4°C for seven days for replication of the Leishmania.

After this period, the viability was observed on a slide.

Acquisition and determination of Leishmania proteins

The Leishmania pool was suspended in PBS buffer
solution for homogenization for 15 minutes, moving, gently,
until the complete suspension was achieved. Soon after, the
samples were inserted into an ice bath. To disrupt the cells,
the suspension was sonicated in three cycles with the
amplitude of 100% for 1 min, thus centrifuging the lysate for
15min at 3500 RPM at 4°C. Finally, the supernatant was
separated from the cell pellet carefully. The supernatant is

the total cell lysate. After filtration of the supernatant, a
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clarified fluid of the soluble cell protein was obtained. After
separation of the clarified fluid from the soluble Leishmania
proteins, which were assayed by the modified Bradford
method for ELISA8. The Bradford assay was performed in a
96-well ELISA plate, consisting of a final volume of 200ul for
each well of the plate. From the total concentration of 71.95
mg/mL PrlLeish protein, three doses were determined at
concentrations of 1/2, 1/4, and 1/8 from the total dose, plus
controls and blank. The samples were read at an absorbance
of 595nm.

Zebrafish animal model

The study was approved by the Unichristus Animal Use
Ethics Committee, number 029/19. The animals were divided
into groups of 10 according to the experimental conditions to
identify statistically significant and biologically relevant
differences between baseline performance and treatment
effects. This value of animals per group was obtained using
a statistical program for experimental samples called Piface
by Russell V. Lenth version 1.76 from June 29, 20111911 We
used 60 adult Danio rerio animals of undetermined sex and
age from local pet shops, kept for at least one week in groups
of 10 in 3.5-liter aquariums (Autonomous Aquatic
System/ZEBTEC) - before the experiment started, with daily

commercial feed-ration (Tetra, Germany).
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Acclimatization

Zebrafish (ZFas) were kept in glass aquaria (5ZFa/L),
at a temperature of 24 to 28°C, in light-dark cycles of 14/10
or 12/12 hours. Tap water (pH 7-8), previously treated with
anti-chlorine (ProtecPlus®; 2 drops/L), and air pumps with
submerged filters can be used. Change the water partially or
totally every 24h or, at the most, 48h of the experiments. In
the partial exchange, you can reach up to 70% renewal of
the aquarium water. After acclimation, the ZFas can be fed
with feed (Spirulina®) ad libitum.

Treatment protocols

The animals were divided into six groups as follows:

GROUPS TREATMENT

GROUP I Control animals without any treatment
GROUP I1 Diazepam 1 mg/Kg, intraperitoneal
GROUP III PBS solution - orally

GROUP 1V PrLeish 1/2 of the total dose, orally
GROUP V PrLeish 1/4 of the total dose, orally
GROUP VI PrLeish 1/8 of the total dose, orally

ANXIETY ASSESSMENT PROTOCOL

ZFas from the treatment and control groups were
placed in individual beakers (300mL) containing 150mL of
heated water. The animals were anesthetized in cold water
(129C-159C) until they were immobile. The ZFa were then
transferred to a moist sponge for application of PrLeish,
Diazepam, and PBS then returned to the original beakers and
allowed to recover for 30 min. The PrLeish was carefully

administered orally (v.0) using a pipette (5 ul). After the last
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anxiety test, the animals were euthanized (placed in cold

water at 5°C for 20 min)!%13,

Locomotor activity: open field test

This test aims to evaluate the locomotor activity of the
treated animals. They were treated (orally; v.0) with 5 pL of
PrLeish (1/2; 1/4; 1/8 mg/ml) or vehicle (Control; PBS 3%).
After 30 minutes of the treatments, the ZFa were submitted
to the Open Field Test for the evaluation of locomotor activity
(No. of Crossing Lines, NCL), in glass Petri dishes (100 x 15
mm). The locomotor impairment exerted by the protein pool
was evaluated in relation to the crossing count of the ZFas
in the quadrants of the plates, for 5 minutes. An untreated
group (Naive) was included and used as a baseline (100%).
Thus, calculate the percentage of NCL according to:
%NCL=[NCL(treatment)/ NCL(Naive)] X 100%14.

Anxiolytic activity: light & dark test

This practice aims to evaluate the anxiolytic effect of
PrLeish in ZFas. Male and female animals were treated,
orally, with PrLeish (1/2; 1/4; 1/8mg/ml; 5uL) or vehicle
(Control; PBS 5upL) or Diazepam (DZP; 1mg/ml; 5uL). A
Naive group was also included after 30 min, ZFas were added
to the light zone of a glass aquarium (30x15x20cm), divided
into a light and dark zone, with drug-free water (3cm). The
anxiolytic activity was characterized by animals remaining in

the light zone for most of the analysis time (5min),
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characteristic of animals treated with anxiolytic drugs

(Diazepam)?3,

Prleish inoculation protocol

The groups were separated after three days of
environmentalization, both with 10 fish in each tank, the
control groups were treated separately. The first group
without any kind of treatment (Naive) received only feed and
daily cleaning for seven days. Groups II and III received daily
amounts of 5 ul of Diazepam and PBS for seven days, in
addition to daily feed and cleaning. Groups 1V, V, and VI
received for seven days, daily applications of 5 pl of PrLeish
with the dosages for each group separately. On the eighth

day, behavioral tests were performed in all six groups.

Statistical analysis

Graph Pad Prism 6.0 software was used for the
statistical analysis of the data. The results were analyzed by
one-way ANOVA followed by Tukey's post hoc test. The
results were expressed as mean=xerror and the significance
level was considered p<0.05. We use alphabetical letters to

indicate the significance level.

RESULTS
Quantification of the Leishmania proteins

According to the Bradford method, the amount of total
protein obtained was 71.95 mg/mL. Each PrLeish treatment

group had the following total protein concentrations: at dose
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1/2 35.96 mg/mL, 1/4 a total of 17.98 mg/mL, and the last

concentration of 1/8 a total of 8.99 mg/mL.

Locomotor activity of zebrafish

According to the literature, Magalhdes!> proposed a
methodology in which the increase in the number of
crossings of the ZFa in the open field in relation to the control
can be interpreted as anxiogenic activity. Animals that did
not receive treatments were considered naive (100%
locomotor activity) and calculated locomotor activity (Figure
1). In the open field test, it could be observed that animals
treated with Leishmania surface proteins in the three doses
had increased locomotor activity compared to diazepam
[Dose 1/2 (146.6+22.5); Dose 1/4 (161.8+17.8), Dose 1/8
(172.5+17.9 and Diazepam (42.2+12.2)]. Diazepam
showed a decrease against the control (124.0£25.4) too, but
not against the naive (134.7£15.9). These results show that
all three doses had an increase in locomotor activity in the

Zebrafish model on chronic treatment.

Anxiolytic activity in zebrafish

The parameters evaluated in this test were the
permanence in the bright field, the latency time, from which
it leaves the bright field and goes to the dark field for the
first time and the number of crossings in a time of five

minutes?®.
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Figure 1: Locomotor Activity Ratio Zebrafish Model.
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Locomotor activity tests in zebrafish treated with Leishmania protein pools. The number of crossings was
evaluated. Naive: untreated fish; Control: fish treated with PBS; Diazepam 1: fish treated with diazepam
1mg/Kg i.p.; Doses of total Leishmania surface proteins diluted at concentrations of 1/2, s, and 1/8.
Significant values when *p<0.05;**p<0.01 and ***p<0.001.

In the Light & Dark test, the ZFa treated with PrLeish
showed in all three doses an increase compared to diazepam,
and naive [Dose 1/2 (97.6%+18.2), Dose 1/4 (107.6£20.8),
Dose 1/8 (115.0+14.6), Diazepam (23.2+8.8) and Naive
(24.2+9.1)], but it was not significant compared to the
control (39.8+13.9). This result shows that PrLeish has an

anxiogenic effect within the Zebrafish animal model (Figure

2).

Rev Neurocienc 2023;31:1-20.

10



Figure 2. Light/Dark Test Ratio Zebrafish Model.
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Dark light tests in zebrafish treated with the Leishmania protein pool. Time in the zebrafish in the light
environment in seconds was evaluated. Naive: untreated fish; Control: fish treated with PBS; Diazepam
1: fish treated with diazepam 1mg/Kg i.p.; Doses of total Leishmania proteins diluted at concentrations of
1/2, 1/4, and 1/8. Significant values when *p<0.05 and **p<0.01.

Morphological changes in zebrafish

The animals treated for 7 days with PrLeish showed
dark spots concentrated on the abdomen of the fish with a
reddish yellow color, a situation that varied a lot among the
infected fish and according to the doses, but was not found
in the control, naive, and diazepam animals. Other animals
had yellowish spots on the ends of the dorsal, caudal, and
anal fins. The operculum of several animals had red spots on

both males and females. In addition, the males showed more
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intense discoloration than the females altering the blue
striped coloring pattern of the zebrafish.

Some social behaviors of the zebrafish were altered
after treatment with PrLeih. The treated animals showed a
decrease in foraging, as well as an apparent progressive loss
of their locomotor and visual senses. Some changes can be

seen in the table below:

Groups Morphological Changes Images
GROUP I- No changes, normal diameter, coloration, and : R e
without any feeding
treatment.

GROUP II- They did not show any type of alteration.
Diazepam Normal diameter, coloration, and feeding.

GROUP III-PBS They did not show any type of alteration.
Solution Diameter, coloration, and feeding were normal.

They presented yellowish coloration, blackened
GROUP IV- spots on the skin, reddish spots on the skin and
PrLeish 1/2 eyes, traditional reddish gills presented purplish

color, loss of appetite, and loss of locomotion.

GROUP V-  Yellowish color, reddish spots on the skin and
PrLeish 1/4 eyes, tiny fins, gills of a traditional reddish color,
loss of appetite, and loss of locomotion.

Yellowish color, blackened spots on the skin,
GROUP VI- reddish spots on the skin and eyes, shortened
PrLeish 1/8 tail and fins, discoloration of the skin, loss of
appetite, and loss of locomotion.

Rev Neurocienc 2023;31:1-20.
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DISCUSSION

Our results showed that animals treated with
Leishmania Totals Proteins (PrLeish) showed altered skin
coloration and the development of inflammatory processes.
In addition, the treated animals had the development of
anxiogenic behavior compared to the control.

In PrLeish we can find a group of proteins called
leishmanolysins. The leishmanolysins help in the infection of
macrophages in the human host by the promastigote
forms!’”. In a study, were able to extract from the
promastigote forms around 352 proteins, which were
involved in the infection process and pathogenesis of
Leishmania. Some authors worked with leishmania proteins
and concluded that more studies are needed to understand
the pathways that the proteins use!®1°, For example, it can
be cited, the leishmanolysin GP63 as it is known is the main
infection protein in the promastigote form. In addition, we
can also find LIT1 (Leishmania Iron Transporter 1) and LFR1
(Leishmania Ferric Reductase 1), which are transmembrane
proteins that interact by reducing Fe 3+ to Fe 2+, the soluble
form of iron, and thus help the parasite to remain inside the
cell?0:21,

The Leishmania proteins when orally administered to
the zebrafish, lead to various morphological changes from
whitening of the skin to lesion-like spots, as in the operculum
of these animals. These morphological alterations were well
evidenced from the second day of application and only

increased as the days went by. During the applications and
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after the experimentation, their morphology was observed,
which presented blackish spots, yellowish coloration, red
spots that may resemble the ulcerations that are present in
the human form during infection with Leishmania
braziliensis, as well as progressive loss of appetite. These
changes may suggest the formation of a chronic
inflammatory process.

The early manifestations of leishmaniasis can cause the
formation of lesions, which may have evolved into ulcers with
elevated and well-defined borders. In some circumstances,
secondary infections may arise due to moistened lesions and
without any kind of treatment, they may evolve into a more
aggressive lesion cutaneous leishmaniasis??. There is
preliminary evidence confirming the association between the
presence of mental disorders, such as anxiety, in patients
with leishmaniasis, in addition to demonstrating the
importance of correlated studies on different manifestations
in types of leishmaniasis?3.

The zebrafish has a cellular defense system similar to
that of man?4. This similarity lies in the immune cell pathway,
which takes the same cell differentiation pathway found in
mammals?>. The main human lineage cells that were
evidenced in the zebrafish are macrophages, neutrophils, B-
lymphocytes, and T-cells?®, so we can hypothesize that the
most activating cells were the macrophages, like man,
leading to the development of chronic inflammation in the
zebrafish. Thus, the zebrafish model is an innovative model

for research, because, besides its low cost and great genetic
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homology, it presents anxiety-like behavior similar to
humans, enabling low-cost research for new therapeutic
targets?/-3°,

Sickness behavior is associated with the inflammatory
response, heuroinflammation and pain conditions in animals,
due to the elevated and prolonged production of pro-
inflammatory cytokines that may not lead to the
development of serious behaviors such as anxiety3!:32. The
open field is a well-employed test in routine research, as it
provides data on locomotor activity and anxiolytic effects33.
Most pesticides tend to increase locomotion activity in
Zebrafish, our open field test study showed that the group
treated with diazepam decreased their locomotor activity and
the group treated with PrLeish showed an increase in their
locomotor activity34.

These data lead us to the perception that PrLeish causes
an anxiogenic effect on the central nervous system in
zebrafish. In a study whose objective was to show the
anxiolytic effects of chalcones using diazepam as a standard,
the results showed that all doses caused motor impairment
in relation to diazepam, showing a decrease in the locomotor
activity of zebrafish, suggesting that chalcones and
diazepam are compounds that decrease locomotor activity in
zebrafish. Thus, proving that the open field directs toward
more specific analyses for anxiety tests3+:3>,

Male BALB/c mice that were infected with the
stationary-phase promastigotes form of L. amazonensis had

a significant reduction in locomotor activity compared to the
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control, which differs from the results obtained in Zebrafish,
but both the Leishmania species and the method of infection
and the animal used differ from our study, highlighting the
importance of further correlated studies?®.

The light/dark tests are determined by the light
stimulus which shows the zebrafish's preference for the dark
environment because it feels more protected3’38. The
behavioral responses produced by the zebrafish are like the
responses produced by rodents in other behavioral tests?°.
This test evidence that anxiety is a normal adaptive
mechanism employed by humans, as by fish, to cope with
potential danger3’. Several pieces of research show the use
of the Light & Dark Test to evaluate the possible anxiolytic
effect of drugs on adult zebrafish (Danio rerio)3°-42,

A study showed a reduction in results with the use of
the benzodiazepine Clonazepam, where there was
differentiation and which shows us the natural behavior of
zebrafish in dark places, whose fish treated with clonazepam
showed a greater preference for the dark side of the
aquarium, this behavior is natural for zebrafish and is linked
to the fish's strategy of escaping from natural predators, or
the area where it feels safer#3. Our tests showed that PrLeish,
in the light & dark test, shows an anxiogenic effect in the

treated animals.

CONCLUSION
Finally, we conclude that although few studies have

reported the effects of leishmaniasis on the central nervous
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system of humans or other animals, our study showed that
PrLeish caused morphological changes similar to
inflammatory lesions in skin tissue, increased locomotor
activity, and anxiogenic effect in zebrafish animal models,
leading the animals to an infection-like state that could cause
anxiety. To confirm and further develop these results we

need to perform new tests on this zebrafish model.
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