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Resumo

Baccega, Bruna. Tricomoniase avidria: eficacia de dleos essenciais e nanoemulsdes in
vitro e in vivo. 2021. 1995f. Tese (Doutor em Ciéncias Bioldgicas) — Programa de Pds-
Graduagdo em Microbiologia e Parasitologia, Instituto de Biologia, Universidade
Federal de Pelotas, Pelotas, 2021.

A tricomoniase aviaria ¢ uma doenga parasitaria causada pelo protozoario Trichomonas
gallinae. Este parasito acomete mais comumente filhotes, podendo ser responsavel por
surtos da doenga em populagdes de aves. O tratamento para essa enfermidade ¢
realizado com o metronidazol (MTZ). A utiliza¢ao de 6leos essenciais (OEs) de plantas
representa uma fonte de potenciais principios ativos. Neste contexto, este estudo teve
como objetivo avaliar a eficdcia de 6leos essenciais e nanoemulsdes em atividade in
vitro e in vivo sobre trofozoitos de 7. gallinae. Para avaliar a susceptividade dos 6leos
essenciais de eucalipto (Eucalyptus globulus) e manjericao (Ocimum basilicum) e suas
respectivas nanoemulsdes, foram utilizadas placas estéreis de 96 pogos para incubar os
trofozoitos com diferentes concentracdes (de 6leo ou trofozoito?). Os parasitos foram
semeados em uma densidade inicial de 1x10° trofozoitos/mL e incubados com os 6leos
e nanoemulsdes. Quatro controles foram realizados: a) apenas os trofozoitos (controle
negativo), b) trofozoitos mais metronidazol 100 puM (como controle positivo, c)
trofozoitos mais o veiculo para solubilizagdo dos derivados (Tween 0,01%) e d)
nanoemulsdo branca. Para a verificagdo da viabilidade dos trofozoitos foi observado a
motilidade, morfologia e exclusdo por corante Azul de Tripan (0,4%). A anélise dos
dados obtidos na triagem dos compostos mostrou que 1,5% de OE de O. basilicum e
1,25% de nanoemulsdo reduziram em 100% a viabilidade dos trofozoitos em relagdo ao
controle negativo. OF E. globulus nanoemulsao 1,5% e 2 % o Oleo essencial. Os
controles CN (meio de cultura e trofozoitos), TW (tween 0,01%) ¢ NB (nanoemulsao
branca) exibiram motilidade positiva e coloragdo negativa com azul de tripan, enquanto
o controle MTZ reduziu a viabilidade do parasito em 100% ap6s 24 horas de exposigao.
Os dados obtidos neste estudo indicam que os OEs e as nanoemulsdes podem contribuir
como agentes efetivos no controle das infec¢des por 7. gallinae. O ensaio in vitro € in
vivo, foi realizado com o 6leo essencial (OE-CL) e nanoemulsdo (N-CL) de capim-
limdo (Cymbopogon flexuosus). Os ensaios in vitro foram feitos com 1x10°
trofozoitos/mL e OE-CL e N-CL nas concentragdes: 110, 220, 330, 440, 550, 660, 770 e

880 pg/ml e quatro controles: CN (meio de cultura e trofozoitos), MTZ (trofozoitos



mais 800 pg/ml de metronidazol), TW (trofozoitos mais veiculos usados para
solubilizagdo de derivados (0,01% Tween) e NB (nanoemulsdo em branco 880 pg/ml).
O ensaio in vivo foi feito em 35 codornas (Coturnix coturnix) infectadas
experimentalmente 4x10* trofozoitos mg/kg, foram divididos em sete grupos (n = 5): A
(controle - saudavel), B (controle infectado), C (controle TW 0,01%), D (NB 0,88
mg/kg), E (droga MTZ 25 mg/kg, F (OE-CL a 0,55 mg/kg) e G (N-CL a 0,44 mg/kg) e
foram tratadas durante 7 dias consecutivos. O teste in vifro mostrou que as
concentragdes de OE-CL (550 pg/ml) e N-CL (440 pg/ml) reduziram a viabilidade dos
trofozoitos em 100%. No teste in vivo, o tratamento com OE-CL foi eficaz no 4° dia de
tratamento e o N-CL apo6s o 3° dia, e 0 MTZ na concentragdo terapéutica foi eficaz no 7°
dia. Para avaliar a citotoxicidade, atividade antioxidante e antiparasitaria in vitro do
citral (3,7-Dimetil-2,6-octadienal) e do geraniol (trans-3,7-Dimetil-2,6-octadien-1-ol),
compostos majoritarios do capim-limdo, os ensaios in vitro foram realizados com
1x10%rofozoitos/mL e citral e geraniol nas concentragdes de 10, 20, 30, 40, 50, 60, 70,
80, 90 e 100 uM, e quatro controles: CN (meio de cultura e trofozoitos), MTZ
(trofozoitos mais 100 pM de metronidazol), TW (trofozoitos mais veiculos usados para
solubilizacdo de derivados (0,01% Tween). No teste de citotoxicidade o citral promoveu
a determinacdo de espécies reativas (ROS) e os niveis de espécies reativas ao acido
tiobarbitarico (TBARS) mostraram que o citral e o geraniol t€m um antioxidante. A fim
de mensurar o efeito in vivo do contato do oOleo essencial e nanoemulsdo de
Cymbopogon flexuosus em codornas positivas, sobre determinacdo de parametros de
estresse oxidativo, foram realizadas anélise histoldgica de 6rgaos como figado, rim e
mucosas do sistema digestivo e andlises bioquimicas. Os testes realizados para
determinar os niveis de Espécies Reativas de Oxigénio (ROS) e Espécies Reativas do
Acido Tiobarbitarico (TBARS) e Superdxido dismutase (SOD) mostrou que 6leo ¢ a
nanoemulsdao possuem atividade antioxidante. Nao foram observadas alteragdes
histolégicas nas aves infectadas na cavidade oral, figado e rins, porém, apresentaram
lesdes no esofago. Os dados obtidos neste estudo indicam que os OEs e as
nanoemulsdes podem contribuir como agentes efetivos no controle das infecgdes,
também evidenciam o C. flexuosus como um potente agente anti-trichomonal natural e

eficaz contra 7. gallinae.

Palavras-chave: aves, antioxidante, citotoxicidade, fitoterapia, nanotecnologia.



Abstract

Baccega, Bruna. Avian trichomoniasis: effectiveness of essential oils and
nanoemulsions in vitro and in vivo. 2021. 195f. Thesis (Doctor in Biological Sciences) —
Postgraduate Program in Microbiology and Parasitology, Institute of Biology, Federal
University of Pelotas, Pelotas, 2021.

Avian trichomoniasis is a parasitic disease caused by the protozoan Trichomonas
gallinae. This parasite most commonly affects chicks and may be responsible for
disease outbreaks in bird populations. The treatment for this disease is carried out with
metronidazole (MTZ). The use of essential oils (EOs) from plants represents a source of
potential active principles. In this context, this study aimed to evaluate the effectiveness
of essential oils and nanoemulsions through in vitro and in vivo activities on 7. gallinae
trophozoites. To evaluate the susceptibility of essential oils of Eucalyptus (Eucalyptus
globulus) and Basil (Ocimum basilicum) and their respectives nanoemulsions, sterile
96-well-plates were used to incubate the trophozoites with different concentrations. The
parasites were seed at an initial density of 1x10° trophozoites/mL and incubated with the
oils and nanoemulsions. Four controls were performed: a) trophozoites only (negative
control), b) trophozoites plus 100uM metronidazole (as a positive control) c)
trophozoites plus the vehicle for solubilization of derivatives (0.01% Tween) and d)
white nanoemulsion. To verify the viability of trophozoites, it was observed the
motility, morphology and exclusion by Tripan Blue dye (0.4%). The data obtained by
analysis of screening compounds showed that 1.5% of O. basilicum EO and 1.25% of
nanoemulsion reduces 100% of trophozoite viability when compared to the negative
control. EO E. globulus nanoemulsion 1.5% and 2% essential oil. Controls CN
(negative control), TW (tween 0.01%) and NB (blank nanoemulsion) exhibited positive
motility and negative staining with trypan blue, while the MTZ control reduced parasite
viability by 100% after 24 hours of exposure. The data obtained in this study indicate
that EOs and nanoemulsions can contribute as effective agents in the control of T.
gallinae infections. In vitro and in vivo assay were realized with essential oil (EO-CL)
and nanoemulsion (N-CL) of lemongrass (Cymbopogon flexuosus). In vitro assays were
performed with 1x10° trophozoites/mL and EO-CL and N-CL at concentrations: 110,
220, 330, 440, 550, 660, 770 and 880 pg/ml and four controls: CN (culture medium and
trophozoites), MTZ (trophozoites plus 800 pg/ml of metronidazole), TW (trophozoites

plus vehicles used for solubilization of derivatives (0.01% Tween) and NB



(nanoemulsion blank 880 ug/ml). In vivo assay was carried out on 35 quails (Coturnix
coturnix) experimentally infected with 4x10* trophozoites mg/kg and were divided into
seven groups (n = 5): A (control - healthy), B (infected control), C (control TW 0
.01%), D (NB 0.88 mg/kg), E (MTZ drug 25 mg/kg, F (OE-CL at 0.55 mg/kg) and G
(N-CL at 0.44 mg/kg) and were treated for 7 consecutive days. /n vitro test showed that
concentrations of OE-CL (550 pg/ml) and N-CL (440 pg/ml) reduces 100% the of
trophozoites viability. At in vivo test, OE-CL was effective on the 4th day of treatment
and N-CL after the 3rd day, and MTZ at the therapeutic concentration was effective on
the 7th day. To evaluate the in vitro cytotoxicity, antioxidant and antiparasitic activity
of citral (3,7-Dimethyl-2,6-octadienal) and geraniol (trans-3,7-Dimethyl-2,6-octadien-1-
ol), majority compounds present in lemongrass, the in vitro assays were performed with
1x106 trophozoites/mL and citral and geraniol at concentrations of 10, 20, 30, 40, 50,
60, 70, 80, 90 and 100 uM, and four controls: CN (culture medium and trophozoites),
MTZ (trophozoites plus 100 pM metronidazole), TW (trophozoites plus vehicles used

for solubilization of derivatives (0.01% Tween). In the cytotoxicity test, citral have
promoted the determination of reactive oxygen species (ROS) and the levels of
thiobarbituric acid reactive species (TBARS) showed that citral and geraniol have an
antioxidant activity. In vitro test showed that concentrations of citral (60 uM) and
geraniol (50 uM) reduced 100% of trophozoites viability. In the cytotoxicity test,
geraniol did not cause effects and damage to VERO cells in 24 hours of time-dependent
treatment, when compared to the control, the determination of the levels of ROS and
TBARS showed that citral and geraniol have an antioxidant activity. The molecular
docking experiment demonstrated that there may be a potential for citral and geraniol to
inhibit a hydrogen of some crucial enzyme for the survival of 7. gallinae. In order to
measure the in vivo effect of essential oil and nanoemulsion of Cymbopogon flexuosus
in positive quails, through determination of oxidative stress parameters, histological
analysis of organs such as liver, kidney and digestive system mucosa and biochemical
analyzes were performed. The tests realized to determine the levels of ROS, TBARS
and Superoxide dismutase (SOD), showed that EOs and nanoemulsion has antioxidant
activity. No histological changes were observed in birds infected in the oral cavity, liver
and kidneys, however, they presented lesions in the esophagus.. The data obtained in
this study indicate that EOs and nanoemulsions can contribute as effective agents in the
control of infections, also showing C. flexuosus as a potent natural and effective anti-

trichomonal agent against 7. gallinae.



Keywords: birds, antioxidants, cytotoxicity, herbal medicine, nanotechnology.



Figura 1

Figura 2

Figura 3

Figura 4

Figura 5

Figura 6

Figura 7

Figura 8

Figura 9

Figura 10

Lista de Figuras

Morfologia T. gallinae.

Representagdo esquematica de 7. gallinae na forma

trofozoito (a) e na forma de pseudocisto (b)

Morfologia dos trofozoitos de 7. gallinae observada por

microscopia eletronica de varredura.

Distribui¢ao geografica de Trichomonas gallinae.

Esquema ilustrativo das vias de transmissdo da tricomonose

Capim-limao (Cymbopogon flexuosus)
Estrutura quimica dos compostos majoritdrios do oleo
essencial de Cymbopogon flexuosus.

Estrutura quimica do geranial e neral (citral),
componentes majoritarios do Odleo essencial de

Cymbopogon flexuosus

Eucalipto (Eucalyptus globulus)

Manjericao (Ocimum basilicum)

30

30

31

32

34

45

47

47

49

52



Table 1

Table 2

Table 3

Table 1

Table 1

Tabela 2

Tabela 3

Tabela 4

Lista de Tabelas Artigo 1

Physical-chemical characterization of nanoemulsions.

Anti-trichomonas activity in culture media of the formulations:
essential oils and nanoemulsions in Ocimum basilicum and
Eucaliptus globulus at concentrations of 0,25- 2%, as controls: CN
(negative control), MTZ (metronidazole), TW (tween 80%) and
NB (Blank nanoemulsion). The analyzes were evaluated at 24
hours post-treatment. The columns indicate the groups and *
indicate the statistical difference when compared to the MTZ

control by Tukey’s test (P <0.05).

Time of death of Trichomonas gallinae after treatment with
negative control group, metronidazole, tween 80, blank

nanoemulsion, essential oil and nanoemulsion basil and

eucalyptus, in the period of 0, 1, 6, 12, 24, 48, 72 and 96 h.

Lista de Tabelas Artigo 2

Physical-chemical characterization of N-CL

Lista de Tabelas Artigo 3

Best docking results according to PLIP analysis of the residues

involved in hydrophobic and hydrogen bonding.

Predicted binding sites for ligands in COACH server and those
described in UNIPROT, ranked by best prediction.

Ligand binding affinity (kcal/mol) of the best results (pose 1) of
different binding sites tested with Autodock Vina.

Best docking results according to PLIP analysis of the residues

involved in hydrophobic and hydrogen bonding.

62

62

63

88

127

127

127

127



Lista de Tabelas Artigo 4

Tabela 1 Parametros bioquimicos apos tratamento de Coturnix coturnix com 133
6leo essencial livre e nanoestruturado de Cymbopogon flexuosus

(média + SD).



Figure 1

Figure 2

Figure 3

Figure 4

Figure 5

Lista de Figuras Artigo 2

Phylogenetic analysis of the relationship based in ITS-1 rDNA
sequences between Trichomonas gallinae, T. brixi, T. canistomae,
T. tenax, T. stableri and T. vaginalis. Maximum likelihood tree (24
sequences and 336 sites). Bootstrap support (BS) was calculated
for each branch using Mega X. Histomonas meleagris was the

outgroup. Star indicates our isolate.

Phylogenetic analysis of the relationship based in SSU rDNA 18S
sequences between Trichomonas gallinae, T. brixi, T. canistomae,
T. tenax, T. stableri and T. vaginalis. Neighbour-Joining tree (24
sequences and 336 sites). Bootstrap support (BS) was calculated
for each branch using Mega X. Histomonas meleagris was the

outgroup. Star indicates our isolate.

Anti-trichomonas activity in culture medium of the formulations:
OE-CL and N-CL their respective at concentrations of 110 pg/mL
to 880 pupg/ml, as controls: CN (negative control), MTZ
(metronidazole 880 pg/ml), (tween 0.01%) and NB (blank
nanoemulsion 880 pg/ml). The analyses were done at 24 hr post-
treatment. The columns indicate the groups and ***indicates the
statistical difference when compared to the MTZ control by

Tukey's test (p<0.05).

Death time of 7. gallinae after treatment with negative control
group, blank nanoemulsion control, OE-CL and N-CL, in the
period of 1, 6, 12, 24, 48, 72 and 96 hr.

Death time of 7. gallinae after treatment with the control groups
and treatment groups with the standard drug, as well as, the OE-

CL and N-CL in the period of 0.1. 2. 3. 4. 5. 6. 7 days.

Lista de Figuras Artigo 3

89

90

91

92

92



Figure 1

Figure 2

Figure 3

Figure 4

Figure 1

Anti-Trichomonas activity in culture medium of the formulation of
the major compounds (citral and geraniol) at concentrations from
10 to 100 uM, as controls: NC (negative control), MTZ
(metronidazole 100 pM), DMSO (diluent 0.6%). The analyses
were evaluated 24 hours after treatment. The columns indicate the
groups and * indicate the statistical difference when compared to

the MTZ control by the Tukey test (P <0.05).

Time of death of Trichomonas galiinae after treatment with the
control groups, treatment groups with the standard drug, as well as

citral and geraniol in the period of 1, 6, 12, 24, 48, 72 and 96 h.

Lipid peroxidation levels immediately of exposure to citral (60
uM) (A), and to geraniol (50 uM) (C), and after 24 h of exposure
to citral (60 uM) (B) and geraniol (50 uM) (D). Nos graficos
também estdo expressos os grupos, Control (untreated
trophozoites), DMSO (vehicle), MTZ (metronidazole at 100 uM).
Data are expressed as mean = SEM (n= 3-4). * P <0.05 and *** P

< 0.001 when compared with control group.

Reactive species levels immediately of exposure to citral (60 uM)
(A), and to geraniol (50 uM) (B), and after 24 h of exposure to
citral (60 uM) (C) and geraniol (50 uM) (D). Control (untreated
trophozoites), DMSO (vehicle), MTZ (metronidazole at 0,171
ng/mL). Data are expressed as mean + SEM (n= 3-4). * P < 0.05

when compared with control group.

Lista de Figuras Artigo 4

1- es6fago. Animal controle. Acinos mucosos (*). Ducto glandular
(seta). Luz do orgao (L). HE. 100X. 2- es6fago. Animal inoculado
com trofozoitos. Infiltrado inflamatério focal de células
mononucleares em 4cino mucoso (cabeca de seta). Acinos
mucosos (*). Ducto glandular (seta). Luz do 6rgao (L). HE. 100X.

3- es6fago. Animal inoculado com trofozoitos e tratado com o6leo

122

124

125

126

135



Figure 2

essencial. Extensa area de infiltrado inflamatério de células
mononucleares (cabeca de seta). Acinos mucosos (*). Luz do
orgdo (L). HE. 100X. 4- esofago. Animal inoculado com
trofozoitos e tratado com nanoemulsdo 6leo essencial. Area
focalmente extensiva de infiltrado inflamatorio de células
mononucleares em &cinos mucosos. Luz do 6rgio (L). Acinos

mucosos (*). HE. 100X.

Niveis de espécies reativas (TBARS, ROS, SOD) em exposicao ao
6leo essencial Cymbopogon flexuosus (0,090 pg/ml), e
nanoemulsdo em figado, rim e plasma de codornas positivas para
Trichomonas gallinae. Controle negativo (trofozoitos nao
tratados), CS (controle sadio), TW (veiculo 0.01%), MTZ
(metronidazol 25mg/kg), NB (nanoemulsdo branca 0,88 mg/kg)
OE (6leo essencial Cymbopogon flexuosus 0,55 mg/kg) e NANO
(nanoemulsao Cymbopogon flexuosus 0,44 mg/kg). Os dados sdo
expressos como média £ SEM (n = 5). * P <0,05 quando

comparado ao grupo controle.

137



Lista de Abreviaturas
ALT Alanina Aminotransferase
AST Aspartato Aminotransferase
BLASTp- Basic Local Alignment Search Tool
CREA Creatinina

DCEF Fluorescent dichlorofluorescein

DCF-DA Dichloro-dihydro-fluorescein diacetate

DMSO Dimetilsulfoxido

GGT Gama glutamil transferase

HE hematoxilina-eosina

ICso Metade da Concentragéo Inibitoria Maxima
IgA Imunoglobulina A

MIC Minimum Inhibitory Concentration

MTT (3-(4,5) -dimetiltialzolil-2,5-difeniltetrazolio)
MTZ Metronidazol

NB Blank nanoemulsion

NC controle negativo

N-CL Namoesulsion lemon grass

OE Oleo essencial

OE-CL Essential oil lemon grass

OESs Essential oils



RMSD Root mean square deviation

ROS Reactive species

SBA Adult bovine serum

SDS Dodecyl sulfate

SOD Superoxido dismutase

TBARS Substancias reativas ao acido 2- tiobarbittrico

TW Tween

TYM trypticase—yeast extract—maltose
UFN Universidade Franciscana

U Units

URE Ureia



2.1

2.2

3.1

32

33

3.4

3.5

3.6

3.7

3.8

3.9

3.10

3.11

3.12

3.13

3.14

3.15

3.16

3.17

Sumario

INEFOAUGAO. ...ttt e e et e e e eeaaa e e e e ate e e e earaeeeaan 23
(00 <15 470 LS 26
(0] 11 A I € 1S v | PSR 26
ODbJetiVOs ESPECTTICOS. ...iiiiiiiiiiiieiie ettt ettt et e eseae s 26
ReVISA0 de LItETAtUra. ......cc.eeruiiiiiiieiieieeiesic ettt et 28
HISEOTIA ..ttt ettt sttt eae e b bt 28
Classificacao taAXONOMICA ......c..eeeeureeeiriieeiieeeitieeeeteeeeaeeeetreeeeaseeesteeeseaseessseesseeesreeens 28
IMOTTOIOZIA. ...ttt ettt ettt et e et e e b e et e enbeebeeenseenne 29
DASIUIDUIGAO. ...ecuvvieeiiieciee ettt et e et e et e e et e e etaeeetaeeetaeeeaseeeeaseeenaseeennsens 31
EPIdemiolO@ia. . ..cccuvieiiiiiieiieeie ettt s ebeeennas 32
TTANSIMISSAO. ..ottt ettt ettt sb et bttt ettt b et e bt et e e sae e be et e saeenbeenee e 33
o 170) (00 - FO USRS 34
STNAIS CHMICOS. ...ttt ettt ettt ettt be e st e e b e saeeens 35
LD Foa T 1] 2 (oo SRS 36
IMUNIAAAE.....coeiiiiie ettt ettt et e 37
Impacto na satide dos animais dOMESLICOS. ........eevuierieeriierieeiierie e ereeiee e eiee e 38
Impacto na populagao SIIVESIIES.........eevuiieiiiiiiieiie e 38
TTATAMENTO. ...ttt ettt sbt e et et esaee b 39
COMLIOLE. ...ttt ettt ettt ettt s bt et e st e sbe e enbe e 41
O1€0S ESSENCIALS LIVIES .......voveeveeeeeeeeeeee e 41
Oleos essenciais NANOESLIULUIAAOS. ..............oveeveeververeerreeeeeeeeeseeeessesessessesseseeeeseeeseesanes 43

Oleos essenciais com atividade anti-t7iCAOMONAS ......cccoeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeennn 44



3.18

3.19

3.20

4.1

4.2

4.3

Oleo essencial de CymbOPOZON fIEXUOSUS.............cvveeeeeeereeeereeeeseeseereeesereses s
Oleo essencial de EUcalyptus GIODUILS................cooveeeeeeeeeeeeereeeeeeeeseereve e

Oleo essencial de OcCimum BASTIICUM . ........cceeeeeeeeeeeeeee et e e

RESUIMNO et e et e et e e e e e e e e aaenas
TN OAUCTION. ..o e e e e e e e e e e e et e e e e e e e e e eeee e eaeeeeeeenaas
Material AnNd METNOAS. .....ue oot e e e e e e e e e e rraaeeeaaeeaes

RESUILS et e e e e e e e e e e ee e e e e e e e e e e e e e e eeaan

RESUILS et e et e e e e e e e e e e e e e e e e e aas
DIISCUSSION ..ottt e et e e e e et e e e e e e e e et e e e e e e e e e e e aaeeeeeeeeaanaaaeaeeas

RETEIEIICES ..ot e e e e e e e e e e e e e e e e e e e e raaaeeeeaeenaans

83

93

97



44

Material And METROAS. .....ovveeeieeeeeeeeeeeeeeeeee e eeeemnneennn 98

RESUILS ...ttt ettt ettt et 102
DIISCUSSION. . ..ttt ettt ettt ettt e bt e st e bt e et e e bt e eab e e bt e eabeebeesabeenbeenaees 105
RETEICNCES. ...t ettt et e 110
F N 45T SRR 128
RESUMIO ...ttt ettt s 129
INEFOAUGAOD ..ttt e et e e e et e e e e eearbe e e e e aaeeaas 130
Material € MELOOS .. .cueiiuieeieieeiieitete ettt ettt ettt ettt e saeenteeneenes 131
RESUITAAOS. ...t ettt e 132
DIISCUSSAO. ..ttt ettt b ettt e bt et e e e at e et e e sbbe e beesabeeabeeesbeenbeesaeeenne 138
CONCIUSAOD. ..ttt ettt et et et e st e ab e sae e ebeesateebeeeeee 140
RETEIENCIAS ...ttt et 141
CONCIUSTES GETALS ....eevvieeiiieiieeiieeite et eite et e st e et e e bt estte e bt eseeeesbeessseenseessseenseessseeseens 146
Referéncias BiblIOGIAfiCas ........coccuieiieiiiiiiiecieeiieee et 158
AADIEXOS. .ttt ettt ettt et e e e ettt e a e e bt e e et e s bt e e sab et e et e e eanee e 192
ANEXO Lttt e e 193
ANECXO Tl ettt 194



Introduciao

Trichomonas gallinae (RIVOLTA, 1878) ¢ um protozoario flagelado, que
parasita uma ampla variedade de aves, sendo Columba livia (pombo doméstico) seu
hospedeiro primario (STABLER, 1951; LOCKE & JAMES, 1962).

O parasito esta localizado no aparelho digestivo superior e, ocasionalmente, no
trato respiratorio de uma grande variedade de aves, principalmente na ordem
Columbiformes e Falconiformes (BOAL et al., 1998; ROUFFAER et al., 2014). Porém,
alguns sdo capazes de atingir as visceras e o sistema nervoso central (BONDURANT &
HONIGBERG, 1994). A tricomoniase avidria manifesta-se geralmente como uma lesao
no trato digestivo anterior das aves afetadas. As lesdes variam de infec¢des leves,
muitas vezes subclinicas, at¢ inflamac¢do grave, que pode ser aguda e fatal, devido a
obstru¢ao do limen do esdéfago (GERHOLD et al., 2007).

Surtos da doenga resultaram em ampla mortalidade, principalmente em
populagdes reprodutoras (ROBINSON et al., 2010; LAWSON et al, 2011). A
frequéncia da infec¢do e a mortalidade em pombos podem variar de 30 a 100%
(TASCA & DE CARLI, 2006). Esse protozoario flagelado, apresenta ampla distribui¢ao
geografica, sendo observados na Inglaterra (COOPER & PETTY, 1988), Africa do Sul
(PEPLER & OTTLE, 1992), Austrdlia (MCKEON et al., 1997), Estados Unidos
(ROSENFIELD et al., 2002), Alemanha (KRONE et al., 2005) e Brasil (TASCA E DE
CARLI, 1999). Além disso, gera impactos na economia da avicultura, especialmente na
criacdo e reprodugdo de pombos e aves de caca (STOCKDALE et al., 2015) e pode
causar declinio em populagdes aviarias na natureza (LAWSON et al., 2018).

Os farmacos de escolha para o tratamento da tricomoniase sdo os nitroimidazdis.
Entretanto, cada vez mais se tem observado um crescente interesse na investigacao de
plantas como fontes de compostos capazes de diminuir os efeitos negativos de
substancias oxidantes, radicais livres e micro-organismos (bactérias, virus, parasitos),

que causam prejuizos tanto para a inddstria, agricultura e para a saide humana.
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Entre os compostos de origem vegetal, destacam-se os Oleos essenciais,
extraidos a partir de folhas e ramos vegetativos, sendo utilizados por suas propriedades
medicianais, reconhecidos ha décadas. As atividades medicinais - antimicrobiana,
antibacteriana, antiflingica, antiviral, anti-protozoaria e anti-inflamatoria, tem sido
reportada (CARSON et al., 2006; HAMMER et al., 2006).

Pesquisas com novas moléculas e novos métodos de tratamento tem sido
incentivada, destacando-se o uso de dleos essenciais, sendo muito promissor no Brasil,
devido a grande diversidade vegetal existente (CARVALHO, 2005; KLEIN et al.,
2009). Tem-se observado grande atividade antiparasitaria dos 6leos volateis em teste in
vitro, tornando-se substancias potenciais para o desenvolvimento de novas drogas
(Tabari et al., 2017, Yousefti et al., 2017).

Dentre as plantas que podem ter potencial terap€utico estdo: o manjericao
(Ocimum basilicum) uma planta perene, pertencente a familia Lamiaceae que possui
atividade repelente, fungicida, a no antiespasmddico, anti-inflamatorio e calmante
(SCHWAN-ESTRADA et al., 2000; PADILHA et al., 2004; PEREIRA et al., 2006;
VENDRUSCOLO & MENTZ, 2006).

Segundo Liu ef al. (2008) e Kumar et al. (2012) O 6leo de eucalipto apresenta
diversas propriedades de bioativos com efeitos antioxidantes, antimicrobianos,
inseticidas, antibacterianos e fungicidas foram observados para oOleos essenciais
produzidos por eucalipto

O capim-limdo apresenta um grande uso popular no Brasil, como sedativo,
sudorifero, carminativo, diurético, antipirético e antirreumatico. Também ¢ utilizado de
forma caseira para combater afec¢des das vias respiratorias e digestivas (FIGUEIREDO
& DELACHIAVE, 2002).

Em sua composicdo quimica, o citral é o seu constituinte principal, seguido por
outros compostos, como o mirceno (COSTA et al., 2005). O citral, constituinte
majoritario do 6leo desta planta, ¢ citado por varios autores, devido a suas atividades
germicidas, repelentes de insetos, (MARTINS et al., 2002). acdo antifingicas e
bacterianas (NAIK et al., 2010 ; SHI et al., 2017).

Associada a producdo de compostos, estd a nanotecnologia que vem sendo
empregada em diversas areas, inclusive na biologia ¢ medicina humana e veterinaria
(RIBOLDI, 2009; FURLANETTO, 2011). Esta tecnologia tem como objetivos a

prevencdo, o diagndstico, e o tratamento de enfermidades dos seres vivos,
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desenvolvimento novos sistemas de liberagcdo de farmacos em sitios especificos e
elementos de diagndstico, biosensores e técnicas (VILLAFUERTE-ROBLES, 2008).

O uso de sistemas nanoestruturados tem o potencial de liberar o farmaco em
alvos especificos fornecendo inimeras vantagens, tais como: a solubilidade aumentada,
a resisténcia as enzimas gastricas, o controle de liberacao ou vetorizagao de agentes
ativos (ZANETTI-RAMOS & RACZYNSKI-PASA, 2008). O desenvolvimento nano
tecnologico de novas formulagdes visa corrigir problemas inerentes as propriedades
fisico-quimicas de muitas moléculas terapéuticas que possuem baixa solubilidade, baixa
permeabilidade na parede do epitélio intestinal, suscetibilidade a degradacdo enzimatica
e ndo enzimatica melhorando a biodistribuicdo e metabolizacdo dos farmacos
(DEVALA PAULY et al., 2007).

Na area farmacéutica, o processo de encapsulamento ¢ utilizado principalmente
para aumentar a estabilidade de uma droga ou para modificar ou retardar sua liberagao
em locais especificos de agdo no organismo humano (RE, 2000).

Dessa forma, o objetivo deste projeto ¢ avaliar 6leos essenciais de manjericao,
capim-limao e eucalipto, como novos compostos ndo citotoxicos e farmacologicamente

ativos in vivo e in vitro sobre T. gallinae, a partir de 6leos essenciais nanoestruturados.



2.0bjetivos

2.10bjetivo geral

Avaliar a eficacia in vitro e in vivo de dleos essenciais e nanoemulsdes sobre o flagelado

Trichomonas gallinae.

2.2 Objetivos especificos

Avaliar a atividade tricomonicida dos Oleos essenciais € nanoemulsdes de
Eucalyptus globulus (eucalipto) e Ocimum basilicum (manjericdo), em
diferentes concentragdes, determinando a concentragdo inibitéria minima (MIC)
e a metade da concentracao inibitoria maxima (ICso);

Avaliar a atividade antiparasitaria in vitro e in vivo do 6leo essencial de
Cymbopogon flexuosus (capim-limao) contra 7. gallinae, com a determinagdo da
concentracdo inibitéria minima (MIC) e da metade da concentragdo inibitoria
maxima (ICso);

Confirmar a posicao filogenética do isolado de T. gallinae em relagdao a outros
membros do grupo;

Avaliar a atividade tricomonicida do composto majoritario citral e geraniol sobre
T. galinae em diferentes concentragdes com a determinagdo da concentragdao
inibitoria minima (MIC) e da metade da concentracgao inibitoria maxima (ICso);
Avaliar a atividade antioxidante do citral e do geraniol in vitro através da
deteccdo dos niveis de oxido nitrico, TBARS e ROS sobre o flagelado
Trichomonas gallinae;

Investigar a for¢a de ligacdo do citral e geraniol as proteinas presentes no

Trichomonas gallinae através do docking molecular;
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e Avaliar a citotoxicidade do composto citral e geraniol em cultivo de células
VERO.

e Verificar a patogenicidade dos produtos testados para o hospedeiro, através de
analise histologica de 6rgaos como figado, rim e mucosas do sistema digestivo,

analises bioquimicas, estresse oxidativo TBARS, ROS, SOD.



3. Revisao bibliografica

3.1 Historia

A tricomoniase ¢ a mais antiga enfermidade da vida selvagem que se encontra
documentada. Alguns anos antes da descoberta do agente etioldgico, ja existiam
descrigdes de lesdes em aves de rapina. (FORRESTER & FOSTER, 2009). Porém, o
agente etioldgico s6 foi descoberto em 1878, por Rivolta, que descreveu o organismo
retirado do trato digestivo superior ¢ do figado, de pombos (Columba livia).
Inicialmente foram chamados de Cercomonas gallinae e Cercomonas hepaticum,
respectivamente. Segundo Forrester e Foster (2009) apds estudos sobre a classificacao

do parasito, foram reconhecidos como Trichomonas gallinae (SILVA et al., 2017).

3.2 Classificacoes taxonomicas

, Trichomonas gallinae ¢ um organismo eucariota, pertence ao Reino Protista,
Filo Parabasalia, Classe Trichomonadea, Ordem Trichomonadida, Familia
Trichomonadidae, Género Trichomonas e Espécie T. gallinae (Fig. 1) (URQUHART et
al., 1996; GASPAR DA SILVA et al., 2007; CEPICKA et al. 2010).

A classificagdo do Filo Protozoa ¢ bastante complexa e assenta essencialmente
nas diferencas bdésicas na estrutura e ciclo evolutivo dos principais sub-filos
(URQUHART et al., 1996; CEPICKA et al. 2010; SILVA et al., 2017).

Reino Protista
Filo Parabasalia

Classe Trichomonadea
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Ordem Trichomonadida
Familia Trichomonadidae
Género Trichomonas

Espécie Trichomonas gallinae

3.3 Morfologia

O protozoario flagelado 7. gallinae, apresenta a forma trofozoita elipsoidal
alongada, medindo de 12,5 a 20,0 uM. O trofozoito na sua por¢do anterior apresenta
quatro flagelos, originados do complexo citossomal. Estes flagelos servem,
principalmente, para a locomo¢dao do protozodrio (URQUHART ET. AL., 1996;
FORRESTER & FOSTER, 2009). Sua membrana ondulante possui bordas livres e ¢
delimitada por um flagelo recorrente, sendo a estrutura responsavel pela locomocao do
parasito, juntamente com os flagelos. Seu axdstilo apresenta uma estrutura mais rigida,
atravessando longitudinalmente o parasito, até¢ a extremidade posterior. O parasito nao
apresenta mitocondrias e os hidrogenossomos sdo as organelas responsaveis pela sua
energia. Seu nucleo pode apresentar-se oval ou elipsodide, com granulos de cromatina
distribuidos uniformemente com a presenga de um unico nucléolo (BONDURANT &
HONIBERG, 1994; DE CARLI et al., 2004, SILVA et al., 2017) (Figura 2A). Nos
ultimos anos, veem sendo descrito na literatura outro estadio do protozodario, conhecido
como paseudocisto (Fig. 2B e 3) (FORRESTER & FOSTER, 2009). Estes se
comportam como uma forma resistente as condigdes que o seu meio ambiente oferece,
como mudangas de temperatura, strees, falta alimento, desidratacio (FORRESTER &

FOSTER, 2009).
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Figura 1- Morfologia 7. gallinae. FA (flagelo anterior), N (ntcleo), MO (membrana ondulante), AX

(axostilo), HI (hidrogenossomos).

Figura 2— Representagao esquematica de Trichomonas gallinae na forma trofozoita (A) e na forma de
pseudocisto (B). Ax — axostilo, Co — costa; F — flagelos anteriores; H — hidrogenossomas (granulos para
costais e paraxostilares); Pf — filamento parabasal; Rf — flagelo recorrente; Um — membrana ondulante; V
—vacuolos ligados & membrana.

Fonte: KIETZMANN (1988).
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Figura 3- Morfologia dos trofozoitos de 7. gallinae observada por microscopia eletronica de varredura.
Trofozoitos de 7. galliane (AF: flagelo anterior, UM: membrana ondulante, AX: axo6stilo, PE pelta). As
partes (C) e (F) mostram o filamento acessorio e o flagelo recorrente.

Fonte :TASCA E DE CARLI, 2003.

3.4 Distribuicao

A tricomonose avidria possui distribuicdo cosmopolita, ndo ocorrendo na
Antartica e Groenlandia. Sabe-se que ocorre em animais em cativeiro € animais
silvestres, e que a sua distribuicdo esta relacionada com Columba livia, reservatédrio da
doenca (BUNBURY et al., 2007; FORRESTER & FOSTER, 2009; SILVA et al., 2017)
(Fig. 5)

Trichomonas gallinae parasito comum encontrado em amplas variedades de
aves, como: pombos, pardais, cardeais, codornas, papagaios, passaros domésticos,
galinhas, perus, sendo que em perus. Sendo um grande causador de perdas econdmicas
(BONDURANT E HONIGBERG, 1994; SILVA et al., 2017).

A infecgdo pode ocorrer em qualquer época do ano, mas a maioria dos surtos ¢
descrita no fim da primavera, durante o verdo e outono (BUNBURY et al., 2007,

SILVA et al., 2017).
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Figura 4- Distribuicao geografica de Trichomonas gallinae. Os pontos indicam areas onde foram descritas
infecgdes, tanto em aves de cativeiro como aves de vida livre

Fonte: FORRESTER & FOSTER, 2009.

3.5 Epidemiologia

A tricomonose ocorre de forma comum nos Columbiformes e em aves de rapina,
sobretudo nos falconideos e outras aves ornitéfagas (SANSANO et al., 2007). Na
literatura ha relatos que ocorrem em espécies de Columbiformes, Falconiformes,
Strigiformes, Psitaciformes, Passeriformes, Galiformes, Gruiformes e Anseriformes
(BUNBURY et al., 2007; FORRESTER & FOSTER, 2009; SANSANO et al., 2005;
SILVA et al., 2017).

As aves infectadas disseminam-no nos comedouros e bebedouros de forma
direta (SILVA, 2017). Considerando que Columba livia ¢ o reservatdrio do parasita,
este afeta, principalmente, aves jovens e pode ser fatal nos quatro a 18 dias apos a
infec¢do (COLE, 1999, TASCA & DE CARLI, 2006; SILVA et al., 2017).

A cada ano tem-se observado um aumento do nimero de animais parasitados,
abrangendo Columbiformes, aves de rapina, fringilideos, entre outros (SANSANO et
al., 2007). Estes dados tornam-se preocupantes na medida em que serdo necessarias

mais investigacdes para se concluir se o parasita estd a adaptar-se a outras espécies ou
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se, neste momento, existem estirpes, nao identificadas, especificas de hospedeiro

(SILVA et al., 2017).

3.6 Transmissao

O ciclo de vida do protozoario ¢ direto (COOPER, 2002).A transmissdo direta
entre aves adultas e crias ocorre principalmente durante a alimentagdo, sobretudo por
regurgitacdo, através dos comportamentos de corte, por contato direto entre animais
infectados e sdos durante a alimentagdo, por ingestdo de d4gua contaminada e através de
fomites como, por exemplo, instrumentos utilizados para a alimentacdo e bebedouros ou
mesmo pela ingestao de aves mortas infectadas, no caso de aves ornitofagas (Figura 6)
(FORRESTER & FOSTER, 2009; COLE, 1999; COOPER, 2002). O surgimento, a
extensdo e a gravidade da doenga dependem, ndo s6 da estirpe do parasita, como
também, da idade e do sistema imunitario do individuo, ou seja, animais
imunocomprometidos sao mais suscetiveis a desenvolver a doenca (FORRESTER &
FOSTER, 2009; SILVA et al., 2017).

O periodo de incubacdo ¢ de quatro a 14 dias e o parasita consegue sobreviver,
pelo menos, cinco dias em alimentos, normalmente em graos e carcacas de aves mortas,
entre 20 minutos a varias horas na agua, sendo extremamente sensivel ao calor e a

desidratacao (COLE, 1999; SILVA et al., 2017).
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Figura 5- Esquema ilustrativo das vias de transmissao da tricomonose

Fonte: FORRESTER & FOSTER, 2009).

3.7 Patologia

Uma vez infectada a ave pode permanecer com a infec¢do por um periodo longo
de até dois anos (BONDURANT E HONIGBERG, 1994). Os sitios de lesdes mais
comuns por este protozoario flagelado sdo: boca, faringe, esofago e o papo. Porém, a
maioria dos isolados nao abandona o trato digestivo superior (SILVA et al., 2017.

O parasito, inicialmente, provoca a formagao de ulceras de cor branca, umidas,
com a presenca de exsudato na mucosa. Quando as lesdes se apresentam de forma
crénica, se tornam amareladas, maiores, o parasita pode penetram nos olhos, cranio,
atingir o sistema circulatorio, causando necrose no figado, bago, pancreas, coragao,
sacos aéreos ¢ pulmoes (BONDURANT E HONIGBERG, 1994; SILVA et al., 2017).

A viruléncia dos isolados de 7. gallinae pode variar e a expressdo deste patdgeno
depende do estado imunolégico do seu hospedeiro (BONDURANT E HONIGBERG,
1994; SILVA et al., 2017).

Infecdes com estirpes menos patogénicas resultam em hipersiadlia e alguma

inflamacdo da cavidade oral e garganta, contrastando com as infec¢des provocadas por
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estirpes mais virulentas. Algumas estirpes extremamente virulentas causam lesdes
apenas no cranio, pescoco € papo, mas outras sdo capazes de invadir 6rgdos internos
como o figado, pulmdes e sacos aéreos, pericardio e pancreas através da circulacdo
sanguinea (FORRESTER & FOSTER, 2009; SILVA et al., 2017).

Em casos graves, a morte pode ocorrer em até quatro dias apos a infec¢do. A
progressdo da doencga foi descrita da seguinte forma: as lesdes, inicialmente, podem ser
pequenas e ruborizadas (flush), podendo desenvolver mais tarde projecdes no seu centro
que coalescem formando massas grandes e caseosas na cavidade oral e/ou na regido
faringea (FORRESTER & FOSTER, 2009). Estas massas podem bloquear
completamente a passagem de alimento levando a uma emaciacdo do individuo e morte
por inani¢do. No entanto, a morte pode ocorrer também como resultado de uma faléncia
respiratoria, caso a lesdo esteja a bloquear a traqueia ou por disfuncao hepatica se os
organismos invadirem o figado (FORRESTER & FOSTER, 2009; SILVA et al., 2017).

Os pulmdes e outros 6rgaos podem ser afetados se a infec¢do for devido a uma
estirpe altamente virulenta. Os fatores inerentes ao hospedeiro (espécie, idade, estado
imunitario), podem ser mais assertivos na determinacdo de quais os 0rgaos sao serao
afetados com a doenca, do que as caracteristicas interentes ao agente etioldgico. Por
exemplo, a estirpe JB de Trichomonas gallinae, altamente patogénica, invade o figado
dos pombos-das-rochas (Columba livia); por sua vez a mesma estirpe, quando infeta
outras espécies como a Rola-carpideira (Zenaida macroura) invade preferencialmente
os pulmdes (FORRESTER & FOSTER, 2009; SILVA et al., 2017).

Foram estudadas as alteracdes histopatoldgicas associadas a infecdes por estirpes
altamente virulentas de Trichomonas gallinae, estirpes JB e a Eiberg, em Pombos-das-
rochas, tendo sido concluido que o tempo requerido para que os parasitas atingissem o
figado e causasse a morte seria entre trés a dez dias apds infeccdo, para a estirpe JB e
entre sete a 17 dias apds infecgdo para a estirpe Eiberg (FORRESTER & FOSTER,
2009; SILVA et al., 2017). Durante o estudo, algumas aves morreram entre o quinto € o
décimo dia apos a infecdo. A resposta patologica dos Pombos-das-rochas, infetados com
a estirpe JB, foi descrita como uma inflamag¢do purulenta. Mais tarde, concluiu-se que
estes individuos morreram devido a uma destruicao hepatica massiva (FORRESTER &

FOSTER, 2009. ; SILVA et al., 2017).

3.8 Sinais clinicos
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As aves infectadas apresentam uma grande variedade de sintomas,
devido ao T. gallinae. Contudo, algumas se destacam como: apatia, salivacdo em
excesso, dificuldades em fechar o bico, respiragdo ofegante, dificuldades para se
alimentar e beber adgua, diarreia, odor fétido no bico e inchaco do papo. Essas aves
geralmente morrem devido a sufocacdo devido ao bloqueio da lesdao na traqueia
(TASCA E DE CARLI, 2006). Os principais sinais clinicos estdo relacionados com
lesdes orais que impedem ou impossibilitam a alimentacdo e, por vezes, a respiracao,
influenciando no ganho de peso, auséncia de grooming causando um mau estado da
plumagem (FORRESTER & FOSTER, 2009; ; SILVA et al., 2017).

Em fases mais agudas pode-se observar o desenvolvimento de lesdes do tipo
proliferativas, por vezes caseosas e/ou fibras necrdticas da orofaringe e do aparelho
digestivo superior das aves, em especial do papo e es6fago, podendo também, localizar-
se ao redor do bico e olhos, conferindo a face um aspecto inchado (COLE, 1999). Por
vezes, associado a estes sinais, pode ocorrer hipersidlia (FORRESTER & FOSTER,
2009; ; SILVA et al., 2017).

Os individuos afetados podem, no entanto, apresentar sinais inespecificos como
depressao, diarreia, anorexia, dispneia, disfagia e regurgitacdo resultantes da formagao
de placas no trato digestivo superior ou mesmo, inflamagdes do papo (FORZAN et al.,
2010; SILVA 2017).

Numa fase cronica da doenga estas lesdes podem infiltrar-se no cranio e ossos do
bico, atingindo o encéfalo e eventualmente, atingir as visceras como o figado, baco,
pancreas, coragdo, pulmdes e sacos aéreos, provocando necrose nesses locais

(FORRESTER & FOSTER, 2009; SILVA et al., 2017).

3.9 Diagnostico

O diagnéstico para este parasito, ndo ¢ tdo facil devido a semelhanca entre as
lesdes por tricomoniase e as lesdes causadas por outros parasitos. Portanto, o
diagnostico definitivo ocorre através da identificagdo do parasito, via microscopio ou
através do meio de cultura (SAUMOR et al., 1995; SILVA et al., 2017).

Para a coleta do material sao utilizados swab, o qual ¢ introduzido na garganta
do animal. O material coletado deve ser imediatamente imerso em solugdo de cloreto de

sodio glicosada e observada a fresco, entre lamina e laminula, e o restante do material
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coletado deve ser inoculado em meio de cultura TYM (trypticase-yeast extract-maltose)
(DIAMOND, 1957; SILVA et al., 2017).
E feito apenas o exame direto? Identificagio morfologica através da citologia?
Contagem dos flagelos? Sobre a inoculacdo: qual tempo, temperatura? Repiques?
A identificagdo definitiva do parasita ¢ conseguida através da amplificacdo do
seu DNA, por PCR (FORRESTER & FOSTER, 2009), limitada pelo escasso
conhecimento genético do parasita. Alguns autores desenvolveram outras técnicas
laboratoriais para identificagdao do parasita, tal como a hibridacgao in-sifu, no entanto esta
técnica nao consegue diferenciar Histomonas meleagridis de Trichomonas gallinae ¢
TetraTrichomonas gallinarum (LIEBHART et al., 2006; MOSTEGL et al., 2010;
SILVA et al., 2017).

3.10 Imunidade

As aves infectadas com estirpes moderadamente virulentas e avirulentas de T.
gallinae tém uma forte protecdo contra os efeitos patoldgicos de uma infecgdo
subsequente por uma estirpe virulenta (FORRESTER & FOSTER, 2009). Esta
imunidade estd associada tanto a componente humoral como celular. A fagocitose dos
parasitas parece ser suficiente para deter a doenga em infec¢des primarias que envolvem
estirpes avirulentas ou moderadamente virulentas, mas o mesmo nao se verifica quando
a infe¢do ¢ mediada por estirpes extremamente virulentas. O papel exato da fagocitose
em aves imunes nao ¢ conhecido (FORRESTER & FOSTER, 2009; SILVA et al.,
2017). Os anticorpos podem ser mais importantes e tém demonstrado que conferem
protecdo. Foi demonstrado, ainda, que a imunoglobulina A (IgA), encontrada no leite de
pombo, ¢, também, transferida para a circulagdo sanguinea das aves jovens,
provavelmente por pinocitose. Pensa-se que a IgA pode representar um papel
importante na transferéncia da imunidade para 7. gallinae, mas tal hipotese ainda ndo
foi investigada (FORRESTER & FOSTER, 2009; SILVA et al., 2017).

Estudos experimentais, que envolveram a induc¢do da resisténcia a infeccao
subcutanea com 7. gallinae, conduzidos em ratos de laboratorio, resultaram em
confirmacgdes adicionais de que ocorre protecao imunitaria (WARREN et al., 1961).

WARREN et al. (1961) concluiram que ocorreu prote¢do imunitaria total face a

infecdo com Trichomonas gallinae em 50% dos animais testados.
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STABLER (1954) referiu que a imunidade diminui gradualmente apds o término
da infe¢do, mas ndo publicou dados para comprovar esta citacio (FORRESTER &
FOSTER, 2009; SILVA et al., 2017).

Pouco foi publicado sobre a imunidade para além do que os autores supracitados
investigaram e publicaram; no entanto, existem estudos sobre organismos da mesma
familia, tais como Tritrichomonas foetus em gado bovino e Trichomonas vaginalis em
humanos, que podem oferecer novas perspectivas em relacdo aos aspectos imunologicos
e da infe¢ao em relacao a doenca em questao (FORRESTER & FOSTER, 2009; SILVA
etal., 2017).

3.11 Impacto na saude dos animais

Nao existem dados referentes a tricomonose ¢/ou infegdes com Trichomonas
gallinae em aves de capoeira. No entanto, ocasionalmente, sdo observadas tais infec¢des
em perus e galinhas, sendo que, nos perus, sdo, ainda, mais raras (FORRESTER &
FOSTER, 2009; SILVA et al., 2017).

Existem, também, alguns registos de infeccdes em Psitaciformes mantidos como
animais de cativeiro, pensando-se que possam ter sido originadas a partir de Pombos-
das-rochas ou outros Columbiformes (FORRESTER & FOSTER, 2009; SILVA et al.,
2017).

3.12 Impacto na populacio silvestre

A tricomonose tem um efeito negativo no hospedeiro, mas, tal como muitas
doencas que afetam populagdes silvestres, o impacto a nivel da populacao ¢ dificil de
medir (FORRESTER & FOSTER, 2009; SILVA et al., 2017).

Estima-se que a razdo pela qual a populagdo de aves silvestres ¢ afetada pela
tricomonose seja pela concentracdo destes animais em comedouros/bebedouros,
também frequentados pelos animais que transportam a doenga, principalmente
Columbiformes, especialmente a Rola-turca (Streptopelia decaocto). Outra explicagao
possivel para este aumento de tricomonose ¢ o aumento do numero de Columbiformes
em 4areas urbanas e suburbanas, havendo, possivelmente, uma disseminagdo da

tricomonose nesses locais (SILVA et al., 2017).
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Pombos-torcazes comuns (Columba palumbus) infetados com uma estirpe nao
patogénica de 7. gallinae ndo apresentavam lesdes, mas apresentavam niveis baixos de
massa corporal e reservas de gordura (VILLANUA et. al., 2006). Os autores concluiram
que, embora ndo sendo fatal para estes individuos, esses efeitos poderiam levar a uma
elevada suscetibilidade a predacao ou outras doengas e, consequentemente, exercer um
impacto negativo na populacdo. Adicionalmente, os autores afirmaram que o aumento
da suscetibilidade de individuos infectados a predagdo iria tornar-se um risco elevado de
exposicao das aves de rapina a infec¢ao por 7. gallinae (FORRESTER & FOSTER,
2009; SILVA et al., 2017).

O efeito da tricomonose em populacdes de Falcdes peregrinos (Falco
peregrinus), que se alimentavam de Columbiformes, foi avaliado, tendo sido concluido
que, apesar de existir evidéncia que alguns falcdes e outras aves de rapina estavam
infetados com a doenga, o impacto na populacao era negligenciavel (FORRESTER &

FOSTER, 2009; SILVA et al., 2017).

3.13 Tratamento

Nos dias atuais, o tratamento somente ¢ viavel em passaros de cativeiros. Onde
os farmacos utilizados requerem administragdo de uso oral for¢ado, ou na agua e
alimentagao.

Os medicamentos anti-protozoarios utilizados sdo o dimetridazol, metronidazol,
sulfato de cobre, compostos de amodnia, carnidazol e amino nitrotiazol.

O dimetridazol pode ser toxico para as aves (FORRESTER & FOSTER, 2009),
tendo este efeito sido notado pela redu¢do no numero de populagdes de frangos e
perdiz-vermelha (Alectoris rufa), no estudo acima descrito (VILLANUA et. al., 2006).
Em contraste, o carnidazol, o ronidazol e o dimetridazol foram utilizados, com sucesso
limitado, no tratamento de uma subpopulacio de Pombos-cor-de-rosa (Columba
mayeri), nas ilhas Mauricias, aumentando com sucesso a sobrevivéncia de recém-
nascidos, juvenis e adultos (FORRESTER & FOSTER, 2009). Neste programa de
recuperagdo para os Pombos-cor-de-rosa (Columba mayeri), nas ilhas Mauricias,
concluiu-se que a sobrevivéncia dos recém-nascidos aumentava, até 30 dias, quando

tratados com Carnidazol (FORRESTER & FOSTER, 2009); no entanto, o tratamento
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ndo tinha o mesmo efeito na sobrevivéncia até aos 150 dias de vida (SILVA et al.,
2017).

O tratamento mais eficaz consiste em administrar firmacos do grupo dos
nitroimidazdis, sendo que os mais utilizados sdo o metronidazol, o dimetridazol e o
carnidazol. O metronidazol ¢ o mais utilizado devido a sua elevada eficacia e maior
margem de seguranga e ao ser administrado em doses mais baixas que os outros
farmacos. Este dado ¢ importante visto que hd muitos casos de intoxicagdes
medicamentosas (SILVA et al., 2017)

O metronidazol ¢ utilizado com uma concentracdo de 0,5%, sendo que ¢
administrada a dose de 25mg/pombo por via subcutinea, uma vez por dia durante cinco
dias; o dimetridazol ¢ utilizado com uma concentragdo de 40% sendo administrado a
uma dosagem de 1g/L na agua de bebida durante cinco dias, seguido por 0,5g/L na agua
de bebida por mais dez dias. O ronidazol ¢ administrado com a concentracao de 1% na
dose de 4g/L na 4gua e bebida durante 12 dias e o carnidazol ¢ utilizado administrando a
dose de 10mg/pombo por via oral, uma unica vez (LUMEIL] & ZWIINENBERG, 1990;
FORRESTER & FOSTER, 2009). O dimetridazol tem sido utilizado com sucesso na
agua de bebida para tratar pombos-das-rochas, enquanto o metronidazol e o carnidazol
tém sido utilizados em aves de rapina (FORRESTER & FOSTER, 2009). No entanto,
existem falhas terapéuticas devido a resisténcias aos nitroimidaz6is documentadas em
pombos, devido a utilizacdo dos farmacos como prevencdo da doenca (LUMEL] &
ZWIINENBERG, 1990). Em casos de infecdo com baixa carga parasitaria,
normalmente, ndo se recomenda tratamento, porque se pensa que estas estirpes de baixa
patogenicidade conferem alguma defesa imunitaria contra a infec¢do por estirpes mais
patogénicas (SILVA et al., 2017).

Varios compostos sintéticos demonstraram evidéncia de atividade potente contra
T. gallinae, bem como baixa toxicidade para o hospedeiro e podem ser boas alternativas
aos nitroimidazdis, quando existe resisténcia a estes farmacos (FORRESTER &
FOSTER, 2009; SILVA et al., 2017).

O habitat das aves deve ser monitorizado, caso sejam aves de cativeiro; para,
além disso, ¢ importante saber o estado das aves infectadas, instituir quarentena e evitar
a entrada de aves de vida livre, principalmente pombos, que se presuma terem estado
em contato com outros pombos (SILVA et al., 2017).

A fim de determinar a eficacia do tratamento, deve-se realizar, novamente,

pesquisa da presenga do parasita. Este passo ¢ bastante 1til para aferir se o tratamento
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esta a ser suficiente ou ndo; caso nao esteja a ser eficaz, pode decidir-se um aumento da
dose do farmaco em questdo no tratamento inicial ou mesmo prolongar a duragdo do
tratamento (SILVA et al., 2017).

E de realgar que a tricomonose pode ndo causar doenca por si s6 mas, ao
deprimir o sistema imunitario do hospedeiro, predispde para o aparecimento de outras
doengas, por tanto, ndo ¢ incomum haver patologias concomitantes com a tricomonose.
Do mesmo modo, outras patologias podem predispor ao aparecimento da tricomonose

(FORRESTER & FOSTER, 2009; SILVA et al., 2017).

3.14 Controle

Para o controle da tricomonose, as fontes de infec¢ao devem ser eliminadas. Em
cativeiros, deve-se eliminar aves infectadas e aves adultas cuja sua prole se tornou
infectada. Também, faz-se necessdrio manter a dgua dos bebedouros sempre fresca

(BUTCHER, 2003), juntamente com a desinfec¢ao dos recipientes de agua e graos.

3.15 Oleos essenciais

A crescente procura por plantas medicinais, aromaticas e condimentares, ¢
observada em diversos paises devido a tendéncia dos consumidores em utilizar,
preferencialmente, produtos farmacéuticos e alimenticios de origem natural (SANTOS,
etal.,2011; MARTINAZZO et al.,2007).

O Brasil tem lugar de destaque na producdo de 6leos essenciais, ao lado da
[ndia, China e Indonésia, que sdo considerados os quatro grandes produtores mundiais.
Sua composi¢ao quimica ¢ determinada por fatores genéticos, entretanto, outros fatores
podem ocasionar alteragdes expressivas na producdo dos metabdlitos secundérios.
Dentre estes fatores, podem-se destacar as intera¢des planta/ microrganismos, planta/
insetos e planta/ planta; idade e estddio de desenvolvimento, fatores abidticos como
luminosidade, temperatura, pluviosidade, nutri¢cao, época e horario de coleta, bem como
técnicas de colheita e pos-colheita (MORAIS, 2009; PAULUS et al., 2013, Silva 2017).

O mercado de fitoterapicos foi avaliado em US$12,4 bilhdes ao ano,

representando 5% do mercado mundial de produtos farmacéuticos. No Brasil, as
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espécies medicinais mais cultivadas e comercializadas ndo sao nativas e grande parte foi
trazida pelos imigrantes, como o capim-limao (Cymbopogon citratus), o manjericao
(Ocimum spp.), a camomila (Chamomilla recutita), dentre outros (AMARAL et al.,
1999; SIMOES et al., 2003).

Os Oleos essenciais sdo produtos naturais de plantas que possuem um grande
potencial para combater o uso dos fungicidas sintéticos, pois apresentam propriedades
antifungicas, antibacterianas e inseticidas (FENG & ZHENG, 2007; KNAAK &
FIUZA, 2010; LEE et al., 2008), além de serem menos perigosos aos seres humanos,
em comparagdo aos produtos sintéticos, € menos toxicos ao meio ambiente, devido a
volatilizagdo de seus compostos (SATISH et al., 2007; PARK et al., 2006). Os 6leos
essenciais sdo misturas complexas de substincias organicas volateis, constituidos de
compostos oxigenados e hidrocarbonetos, como 0s sesquiterpenos € monoterpenos,
sendo esses ultimos predominantes e sua composi¢ao pode variar entre as espécies de
plantas (NERIO et al., 2010; PRABUSEENIVASAN et al., 2006; SIQUEIRA et al.,
2007). Os terpendides e compostos fendlicos sdo os responsaveis pela agdo
antimicrobiana dos 6leos essenciais, que possuem seu mecanismo de agdo associado ao
carater lipofilico dos compostos, os quais se acumulam nas membranas, havendo perda
de energia pelas células microbianas. Nesse contexto, a exploragdo dos 6leos essenciais
forma um dos grupos de compostos naturais com maior potencial para o
desenvolvimento de produtos para controlar doencas de plantas (FENG & ZHENG,
2007; KNAAK & FIUZA, 2010).

Os oleos essenciais podem ser definidos como material volatil presente em
plantas, geralmente com odores e fragrancias caracteristicas (SERAFINI et al., 2001).
Oleos essenciais constituem-se em complexas misturas de substincias volateis,
geralmente lipofilicas (SIMOES & SPITZER 1999), cujos componentes incluem
hidrocarbonetos terpénicos, alcoois simples, aldeidos, cetonas, fenois, €steres, acidos
organicos, dentre outros, em diferentes concentracdes, nos quais, um composto
farmacologicamente ativo ¢ majoritario.

Sdo encontrados nos orgdos das plantas, nos aparelhos secretores e estdo
associados a varias fung¢des relacionadas a sobrevivéncia do vegetal em seu ecossistema,
tendo entdo um papel fundamental na sua defesa contra os microrganismos e
predadores, assim como na atragdo de insetos e outros agentes fecundantes (HUET,
1991). A volatilidade e a insolubilidade dos 6leos essenciais em agua e a solubilidade

em solventes organicos permitem caracterizd-los € promover o seu isolamento.
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Apresentam-se sob a forma de liquidos oleosos, de aroma agradavel e intenso, mas

existem também os de aroma desagradaveis e ainda inodoros (COSTA, 1994).

3.16 Oleos essenciais nanoestruturados

Nos ultimos anos, a nanotecnologia tem provocado revolugdo na ciéncia e na
tecnologia nos seus mais diversos setores, devido ao potencial de aplicacdo e ao
desenvolvimento tecnoldgico por ela ocasionado (DURAN et al, 2006). Essa nova
ciéncia, tem carater multidisciplinar e vem sendo aplicada nas mais diversas areas da
pesquisa cientifica (TOMA, 2005).

No que se refere a nanotecnologia podemos citar a area da saude como uma das
que mais vem sendo beneficiada com os avangos das pesquisas. Os sistemas
nanoestruturados estdo revolucionando a forma como os farmacos sdo liberados,
direcionados aos sitios de a¢do, diminuindo os efeitos colaterais, ¢ aumentando a
biodisponibilidade, ¢ o contato do medicamento com o sitio especifico (HU et al.,
2011).

Nano ¢ derivado da palavra grega que significa ando, e este termo deu origem a
unidade de medida, o nandmetro, ¢ que deu nome a essa tecnologia e equivale a
bilionésima parte de 1 metro (1 nm = 1/1.000.000.000 m). Os produtos nanométricos
que possuem dimensdes medindo 100 nm sdo chamados na literatura cientifica mundial
de nanoparticulados e segundo o Food and Drug Administration - FDA, nanoparticulas
sdo as “particulas com dimensdes menores que lum que exibem propriedades nao
reconhecidas em particulas maiores” (SCOTT & CHEN, 2012).

A nanotecnologia pode interferir em quase todos os tipos de materiais, sejam
eles naturais ou sintéticos, de modo a formar nanoblocos tais como: nanoparticulas,
nanocompositos, nanoesferas, nanotubos, nanofibras que além de apresentar novas
propriedades pela escala, apresentam maior desempenho nos produtos resultantes. Do
ponto de vista tecnologico, essas nanoestruturas podem ser trabalhadas quimicamente
pela modificacdo de suas superficies como a utilizacdo de polimeros, ampliando ainda
mais o campo de suas aplicagcdes (DURAN et al., 2006, peres 2015).

Entre os diferentes nanomateriais que vém sendo estudados, podemos destacar
as nanocapsulas (NC) e as nanoemulsdes (NE). As NC podem ser definidas,

basicamente, por um sistema vesicular, que apresenta um nucleo liquido rodeado por
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uma membrana polimérica. As NC podem conter a molécula ativa, confinada no ntcleo
ou adsorvido na membrana polimérica, na forma liquida, sélida ou uma dispersao
molecular, lipofilico, hidrofilico ou uma mistura dos dois, de acordo com as matérias
primas e o método de preparacao utilizado (CHIANG et al., 2014).

As NE sdo caracterizadas como sistemas isotropicos dispersos com goticulas
entre 1 e 500 nm (MASON et al., 2006) o que garante que sejam cineticamente estaveis
(GIONGO et al., 2015). Nanoemulsdes podem ser classificadas como uma dispersdo
nanométrica de goticulas oleosas, entre 1 ¢ 200 nm, em uma fase aquosa externa,
estabilizada por um sistema tensoativo adequado. Apresentam-se como liquidos de
aspecto translucido quando o tamanho dos glébulos ¢ inferior a 200 nm e aparéncia
leitosa quando na faixa entre 200-500 nm, possuindo um reduzido didmetro de goticula
e baixa viscosidade. O farmaco veiculado encontra-se preferencialmente disperso e/ou
adsorvido no nucleo oleoso da nanoestrutura (MASON et al., 2006. GHOSH et al.,
2011; CHIANG et al., 2014).

3.17 Oleos essenciais com atividade anti-trichomonas

A literatura demonstra o notavel desempenho dos o6leos essenciais (OEs),
derivados do metabolismo secunddrio das plantas, mostrando as diversas atividades
bioldgicas desses compostos (BILIA et al., 2014).

No estudo realizado por Malekifard et al. (2021) extratos de Lavandula
angustifolia e Zingiber officinale podem atuar como potenciais agentes naturais contra
a tricomoniase. Véarios estudos comprovam que alguns extratos de ervas sdo eficazes na
erradicacdo de protozoarios, como no trabalho de Fenalti et al. (2020), Baccega et al.
(2020) contra Trichomonas vaginalis € Trichomonas gallinae ao utilizarem Oleo se
manjericao, eucalipto e capim-limao.

Outros compostos naturais foram eficientes contra Trichomonas gallinae, Tabari
et al. (2017) observaram a eficiéncia do Pelargonium roseum em pombos e Youssefi et

al (2017) analisando o efeito in vitro e in vivo de Artemisia sieberi.

3.18 Oleo essencial de capim-limio
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O o¢leo essencial de capim-limao (Cymbopogon flexuosus) ¢ um dos mais
importantes Oleos essenciais comercializados. O nome capim-limdo lhe foi atribuido
devido a semelhanca com o odor de limdo proveniente de seu elevado teor em citral
(CHAVEIRO & QUEIROZ, 1993). Conhecido popularmente no Brasil como capim-
limdo, capim-cidrd, capim-cheiroso, capim-cidreira, capim-cidrao, erva-cidreira e
citronela-de-java (Fig. 6), espécie da familia das Gramineas, subfamilia Panicoideae

(ABEGAZ & YOHANNES, 1983).

Figura 6- Capim-liméo

Fonte: Google imagens

Originaria da Asia, cultivada em todas as regides dos tropicos, preferindo climas
mais quentes e umidos, chuvas bem distribuidas ao longo do ano e temperatura média
elevada, ndo resistindo a regides frias, sujeitas a geadas. E cultivado a pleno sol,
vegetando em qualquer solo, desde que bem drenado e fértil (CORREA JUNIOR et al.,
1994). A planta ja estd perfeitamente aclimatada e adaptada as condi¢cdes do Brasil.
(NEGRELLE & GOMES, 2007).

E uma erva aromética cujas folhas contém, em sua composi¢io quimica, o 6leo
essencial encontrado em células oleiferas, possui atividade antibacteriana, atua na
diminui¢do da atividade motora e no aumento do periodo de sono; ¢ anticonvulsivante,
antiespasmodico e analgésico, sendo também utilizado como aromatizante de ambiente
e como material de partida para a sintese da Vitamina A (LORENZI & MATOS, 2002).
No Brasil, as folhas do capim-limao apresentam um grande uso popular como sedativo,

sudorifero, carminativo, diurético, antipirético e antirreumatico. Também ¢ utilizado de
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forma caseira para combater afec¢des das vias respiratérias e digestivas (FIGUEIREDO
et al.,2002).

Possui acdo fitoterdpica como Dbactericida, antiespasmoédico, calmante,
analgésico suave, carminativo, estomaquico, diurético, sudorifico, hipotensor e
antirreumatico. Também ¢ utilizado em diarreias, dores estomacais e problemas renais
(MARTINS et al., 1995). Sua utilizagdo no Brasil ¢ por uso do cha das folhas, muito
utilizado para nervosismo, febre, tosse, dores diversas (dor de cabeca, abdominais,
reumaticas) e alteracdes digestivas, como dispepsia e flatuléncia. (COSTA et al., 2005).

O capim-limdo produz um o6leo essencial com forte odor de limao, onde o
mesmo vem sendo utilizado na industria farmacéutica e de perfumaria, na preparagio de
sabonetes, colonias ¢ desodorantes (LEAL et al., 2001).

Na industria, o 6leo essencial do capim-limao ¢ utilizado na preparagdo de
sabonetes e colonias. Usado também como aromatizante na area da perfumaria e
cosmética. Na industria quimica ¢ utilizado para a obtengdo do citral, o qual serve como
material de partida para a sintese de iononas que sdo precursoras da vitamina A (SILVA
et al., 2006). Seu odor forte ¢ marcante ¢ devido ao citral, constituinte majoritario ¢
predominante na espécie, um aldeido monoterpeno com forte odor de limdo. Devido a
esta caracteristica, o Cymbopogon flexuosus ¢ conhecido internacionalmente como
lemon grass. No mundo todo, a cultura do capim-santo tem sido estudada, mas no Brasil
pouco se sabe sobre o seu manejo agrondmico € seu comportamento nas diferentes
regides do nosso pais (GOMES E NEGRELLE, 2003). O principal interesse ¢ o 6leo
essencial da espécie, sendo util na industria para fragrancia de cosméticos e muito
utilizado na aromaterapia, um ramo que cresce muito no nosso pais, além de fazer parte
no aroma de detergentes, sabdes aromatizantes de ambientes e repelentes de insetos
(LEAL et al., 2001).

Em sua composi¢do quimica, OE de Cymbopogom flexuosus identifica-se como
compostos majoritarios os seguintes compostos geranial, neral (Fig 8 ¢ 9) e o mirceno
como compostos majoritdrios e geraniol, 6xido de cariofileno, citronelol como
compostos minoritarios (BASSOLE et al., 2011).

O dleo essencial de capim-santo ¢ um dos mais importantes Oleos essenciais
comercializados no mundo. Os paises tradicionalmente produtores do 6leo de capim-
santo sdo [ndia, Guatemala, Haiti, Madagascar, Indochina e Brasil (NASCIMENTO et
al., 2006).
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O dleo essencial do capim-limdo ¢ uma substdncia com aparéncia liquida
brilhante, com cor que vai desde o amarelado claro ao marrom, pouco densa, odor bem
caracteristico. Para o 6leo ser um produto comercializavel, o mesmo deve apresentar, no

minimo, 75% de citral na sua composicao (ALMEIDA E CANECCHIO FILHO, 1973).

010

Neral Geranial Mirceno
\K\/\K\/OH
Geraniol

Figura 7- Estrutura quimica dos compostos majoritarios do 6leo essencial de Cymbopogon flexuosus.

Fonte: NEGRELLE & GOMES, 2007
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Figura 8- Estrutura quimica do geranial e neral (citral), componentes majoritarios do 6leo essencial de
Cymbopogon flexuosus

Fonte: Google imagens

Schuck et al. (2001), verificaram que o 6leo volatil de C.flexuosus possui
acentuada atividade antifungica frente a Candida albicans. Existem outros estudos
sobre o citral, nos quais se constata propriedades antibacterianas, larvicida e repelente
de insetos. O limoneno e o mirceno também sdo toxicos para os mais variados tipos de

insetos (TAIZ E ZEIGER, 1991).
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Pesquisas realizadas no IAPAR (Instituto Agrondmico do Parana) revelam a superior
acdo larvicida deste 6leo essencial no combate ao mosquito da dengue em comparagao
aos inseticidas quimicos utilizados (MARTINS, 2002).

A maioria das analises do 6leo essencial da espécie nos diferentes habitats pelo
mundo identifica o citral como o maior constituinte volatil presente. Ekundayo (1985),
em estudos com o material procedente da Etiopia, encontrou o geranial e neral como
componente dominante do seu dleo.

No Brasil, o 6leo essencial de plantas Cymbopogon citratus originarias de duas
regides diferentes do estado de Sao Paulo apresentaram uma composi¢do quimica
diferente, onde o Oleo essencial extraido de uma populacdo cultivada em
Pindamonhangaba-SP apresentou uma concentra¢do alta de citral (aproximadamente
96,0%), enquanto o 6leo extraido da populagdo de Ibitna-SP apresentou, além de citral,
proporg¢des elevadas de outro monoterpeno, o geraniol (FURLAN, 2010).

A procedéncia do material genético da espécie influéncia no teor e composigao
do 6leo essencial do capim-limao, sendo seu rendimento avaliado com base no seu peso
da matéria seca, podendo ser muito variavel, dependendo de diversos fatores internos e
externos. Para o capim-santo, os valores encontrados situam-se em torno de 0,2 a 0,5%,

excepcionalmente podendo chegar a 3,0% (NASCIMENTO, 2003).

3.19 Oleo essencial de eucalipto

Eucalipto (do grego = "verdadeira cobertura") ¢ a designacao genérica das varias
espécies vegetais do género Eucalyptus, familia Myrtaceae, nativas da Australia,
amplamente cultivadas em areas tropicais e subtropicais. Considerada uma arvore de
médio a grande porte, a sua importancia esta na diversidade de produtos que € possivel
obter a partir da madeira e folhas (VALDETARO et al. 2011).

No Brasil, existe grande area plantada com eucalipto, cobrindo uma area de mais
de trés milhdes de hectares (SALARI et al., 2006). Sdo, em termos gerais, arvores, em
alguns raros casos, arbustos, que apresentam copa geralmente rala e alongada e o tronco
quase sempre retilineo e cilindrico. As folhas possuem a caracteristica comum, entre a
maioria das espécies, o fato de serem aromaticas e dispostas nos ramos de maneira

oposta na parte inferior e alternas na parte superior. Os frutos sdo constituidos por
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capsulas lenhosas deiscentes com sementes muito pequenas. As flores geralmente sao
meliferas, contribuindo para a produc¢do de mel de abelha (BAKKALI et al., 2008).

O género Eucalyptus ¢ composto de espécies de multiplos usos, podendo sua
madeira ser utilizada como combustivel para siderurgia, indistria de moveis, na
construgdo civil, como postes, na produg¢ao de celulose, mel, e, suas folhas serem
utilizadas para extracdo de Oleos essenciais usados na fabricacdo de produtos de
limpeza, alimenticios, perfumes e medicamentos (VITTI e BRITO, 2003). Existem mais
de 600 espécies e variedades, das quais 20 tém sido exploradas comercialmente e menos
de 12 tém importancia econdmica no mercado mundial de 6leos essenciais (FRANCO,
2005).

No Brasil, as principais espécies de eucalipto exploradas para a producdo de 6leo
essencial sdo: E. globulosus, E. staigeriana e E. citriodora. Eucalyptus globulus ¢ uma
arvore frondosa e de grande porte que mede até 60 m de altura. Sua casca lisa branco-
cremosa vai se renovando ao longo do tempo; a folhagem juvenil ¢ ovalada e de
coloracdo prata-azulada. As folhas adultas sdo brilhantes, tém formato de foice e medem
até 25 cm de comprimento (Fig.10) e sdo cultivadas para extragdo de oleo essencial
medicinal. A madeira desta espécie ¢ usada apenas como lenha, apesar das referéncias

favoraveis para a producao de celulose e papel (VITTI e BRITO, 2003).
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Figura 9- Eucalyptus globulus

Fonte: Google imagens

No Brasil, o Eucalyptus globulus ¢ considerado a principal espécie produtora de
6leo medicinal. Esse 6leo ¢ destinado a fabricagdo de produtos farmacéuticos, sendo o
seu principal constituinte quimico denominado o eucaliptol, que apresenta propriedades
bactericidas (VITTI; BRITO, 2003; KHAJAVI et al. 2014). Nesse contexto, ¢

necessario considerar todos os aspectos tecnologicos que envolvam o estabelecimento e
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o manejo das florestas, principalmente quando destinados a producao de 6leo essencial
(VITTL;, BRITO, 2003). Os 6leos essenciais sdo metabolitos produzidos pelas plantas
que podem sofrer influéncia de fatores abioticos e afetar tanto o seu rendimento em
massa, como sua composicao quimica.

Os aspectos nutricionais da planta estdo diretamente relacionados ao processo
produtivo dos 6leos essenciais € modificagcdes no padrdo nutricional podem acarretar
mudangas no perfil quimico dos 6leos (SOUZA et al., 2007).

Seus principais constituintes obtidos por cromatografia gasosa sao 1,8-cineol ou
eucaliptol como composto majoritario, e alfa-pineno, gama-terpineno, beta-mirceno,
beta-pineno, 1-felandreno e alfa-terpinoleno, como compostos minoritarios (CHAGAS
et al., 2002). Existem relatos da atividade do eucaliptol sobre as bactérias Candida
albicans, Escherichia coli e Staphylococcus aureus (CHA et al., 2007), os fungos
Fusarium graminearum, F. culmorum e Pyrenophora graminea (TERZI et al., 2007) e
os coleopteros Tribolium castaneum (TRIPATHI et al., 2001), Sitophilus oryzae e
Rhyzopertha dominica (LEE et al., 2004). O eucaliptol também apresentou atividade in
vitro sobre larva do nematoide Anisakis simplex NAVARRO et al., 2008).

Os oleos essenciais de eucalipto sdo compostos formados por uma complexa
mistura de diferentes concentracdes de componentes organicos volateis, e apresentam
grupos quimicos como hidrocarbonetos, alcoois, aldeidos, cetonas, acidos e ésteres. A
grande maioria, no entanto, ¢ constituida de terpenos complexos, que constituem uma
grande variedade de substancias vegetais derivadas de unidades do isopreno.

Os compostos 20 terpénicos mais frequentes nos Oleos volateis sdo os
monoterpenos (90 % dos 6leos) e os sesquiterpenos (SALGADO et al., 2003). Os
monoterpenos sdo metabolitos secundarios que podem causar interferéncia toxica nas
funcdes bioquimicas e fisioldgicas dos parasitos, apresentando a vantagem de, na
maioria das vezes, serem pouco toxicos para os mamiferos (RICE e COATS, 1994).

Alguns monoterpenos tém sido considerados como alternativas aos produtos
comerciais sintéticos, sendo utilizados como condimentos artificiais, perfumes
(TEMPLETON, 1998) e em formulagdes de expectorantes, descongestionantes,
analgésicos externos e antisépticos (WINDHOLZ et al., 1998).

Os o6leos de eucalipto ocorrem, principalmente, nas folhas, onde sao produzidos
em pequenas cavidades globulares, chamadas glandulas. Existem varios fatores que
podem exercer influéncia na variacdo da composi¢ao desses 6leos. Os mais tipicos sdo a

variabilidade genética, a idade das folhas, as condi¢cdes ambientais, o tipo de manejo
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florestal, os métodos utilizados para amostragem das folhas, os processos de extracao e
de andlise do 6leo (CIMANGA et al., 2002; BAKKALI et al., 2008).

A agdo dos 6leos essenciais estd relacionada com a sua volatilidade, pois, por
meio dessa caracteristica, agem como sinais de comunicacdo quimica com 0O reino
vegetal e como arma de defesa contra o reino animal. Eles ja foram considerados como
repelentes de insetos que se alimentavam de suas folhas, inibidores da germinagdo e de
crescimento de outras plantas, controladores da atividade microbiologica de alguns
fungos e bactérias, atrativos de polinizadores, protecdo contra a perda de agua e
aumento de temperatura entre outros (FRANCO, 2005). Em fun¢do do seu uso final, os
6leos essenciais de eucalipto podem ser divididos em trés grupos: 6leos medicinais,
6leos industriais e 6leos para perfumaria (VITTI e BRITO, 2003).

Oleos medicinais sio aqueles que apresentam como componente principal o
cineol e sdo destinados a fabricacdo de produtos farmacéuticos como inalante,
estimulantes de secrecdo nasal, produtos de higiene bucal, dentre outros. A principal
espécie produtora deste 6leo no Brasil € o E. globulus.

Os dleos industriais tém como componentes principais o felandreno, que € usado
como solvente e matéria-prima na producdo de desinfetantes e desodorizantes e o
mentol usado como aromatizante de produtos medicinais. E os 6leos de perfumaria
fazem parte da composicao de perfumes, sendo mais usados nos produtos de limpeza, E.
citriodora ¢ a principal espécie cultivada 21 no Brasil para a produgdo deste tipo de

0leo, seguida pela espécie E. staigeriana (VITTI e BRITO, 2003).

3.20 Oleo essencial de manjericio

O manjericao (Ocimum basilicum) ¢ uma planta medicinal e aromatica,
originria da India, sendo também conhecida como manjericdo comum, pertence a
familia Lamiaceae (Fig.11) amplamente usada por suas propriedades medicinais,
aromatizantes e culinarias. E uma importante oleaginosa essencial, planta medicinal e

erva culinaria, (FAVORITO et al., 2011)
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Figura 10- Manjericdo

Fonte: Google imagens

O dleo essencial de manjericao com alta concentracao de linalol € valorizado no
mercado internacional, ¢ um componente da satide bucal, produtos odontologicos, e tem
sido utilizado na fragrancia e industria alimenticia amplamente usado nas industrias de
condimentos e cosméticos (CARVALHO FILHO et al., 2006).

Segundo Fernandes (2004) e Shahrajabian et al. (2020) o manjericdo possui
importancia econdomica no Brasil na obtencdo de 6leo essencial, sendo seu consumo
tanto in natura quanto para processamento industrial. Seu 6leo ¢ muito apreciado na
culindria, na aromatizacdo de alimentos e bebidas, e podera ser usado nas industrias de
cosméticos e perfumarias. Apresenta propriedades inseticidas, repelentes e
antimicrobianas, sendo também utilizado na conservagao de graos. O contetdo de 6leo
essencial pode variar consideravelmente de espécie para espécie, em funcdo de
parametros climaticos e de fatores agrondmicos como fertilizagdo, irrigacao, colheita e,
especialmente, a fase de desenvolvimento da planta na época da colheita. Muitas plantas
existem sob varios fendtipos, isto €, diferindo na sua aparéncia e diversidade qualitativa
e quantitativa, geralmente detectada na composicdo do o6leo essencial obtido
(KERROLA et al., 1994).

O linalol, o constituinte majoritario do 6leo de manjericao, tem sido largamente
usado como composto de partida para varias sinteses importantes, como a do acetato de
linalila, e testado como acaricida, bactericida e fungicida. Na medicina tem sido
aplicado com sucesso como sedativo e, atualmente estdo sendo analisadas suas

propriedades anticonvulsivas (Radiinz, 2004).
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ABSTRACT

Avian trichomoniasis mainly affects the upper digestive tract of birds and it is caused by
the flagellate proto-zoan, Trichomonas gallinae. The present study was developed to
evaluate the in vitro effects of free essential oils (OEs) and nanostructured Ocimum
basilicum and Eucalyptus globulus against trophozoites of 7. gallinae. T. gallinae
trophozoites were recovered by the swab method from naturally infected urban pigeons,
followed by cultivation in TYM medium (trypticase-yeast-maltose extract). The in vitro
assays were performed in 96-well plates containing essential oil (OE) and
nanostructured on different concentrations in medium containing 1x106 parasites. Four
controls were performed: NC (culture medium and trophozoites), MTZ (trophozoites
plus 25 pg / ml metronidazole), TW (trophozoites plus vehicle for solubilization of
derivatives (0,1% Tween) and NB (blank nanoemulsion 1%). To verify the viability of
trophozoites, motility, morphology, and exclusion by trypan blue dye (0.4%) were
observed. The analysis of the data obtained from the screening of the compounds
showed that 1,5% EO of O. basilicum and 1,25 of nanoemulsion reduced the viability of
trophozoites by 100%, relative to the negative control. OE E. globulus 1,5% and 2%
nanoemulsion. The controls CN, TW and NB exhibited positive motility and negative
staining with trypan blue, while control MTZ reduced the viability of the parasite by
100% after 24-hour exposure. The data obtained in this study indicate that OEs and
nanoemulsions may contribute as effective agents in the control of 7. gallinae
infections.

Keywords: birds, nanotechnology, phytotherapy, protozoa.
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RESUMO
A tricomoniase avidria afeta principalmente o trato digestivo superior das aves,

causado pelo protozoario flagelado Trichomonas gallinae. O presente estudo foi
desenvolvido para avaliar os efeitos in vitro de oleos essenciais livres (OEs) e
nanoestruturados de Ocimum basilicum e Eucalyptus globulus, contra trofozoitos de T.
gallinae. Os trofozoitos de T. gallinae foram recuperados pelo método do swab de
pombos urbanos naturalmente infectados, seguidos pelo cultivo em meio TYM (extrato
de tripticase-levedura-maltose). Os ensaios in vitro foram realizados em placas de 96
pogos contendo oleo essencial (OE) e nanoestruturados em diferentes concentragoes
em meio contendo Ix106 parasitos. Foram realizados quatro controles: NC (meio de
cultura e trofozoitos), MTZ (trofozoitos mais 25 ug / ml de metronidazol), TW
(trofozoitos mais veiculo para solubiliza¢do de derivados (0,1% Tween) e NB
(nanoemulsdo branca a 1%). Para verificar a viabilidade dos trofozoitos, motilidade,
morfologia, pela exclusdo pelo corante azul de tripan (0,4%). A andlise dos dados
obtidos na triagem dos compostos mostrou que 1,5% de OE de O. basilicum e 1,25 de
nanoemulsdo reduziram em 100% a viabilidade dos trofozoitos em relagdo ao controle
negativo. OE E. globulus nanoemulsdo 1,5% e 2 %. Os controles CN, TW e NB
exibiram motilidade positiva e coloragdo negativa com azul de tripan, enquanto o
controle MTZ reduziu a viabilidade do parasito em 100% apos 24 horas de exposigdo.
Os dados obtidos neste estudo indicam que os OEs e as nanoemulsoes podem contribuir

como agentes efetivos no controle das infec¢oes por T. gallinae.

Palavras-chave: aves, fitoterapia, nanotecnologia, protozodarios.

INTRODUCTION

Avian trichomoniasis is a disease caused by the flagellate protozoan Trichomonas
gallinae, which is the most affected species belonging to the family Columbidae
(BRANDAO; BEAUFRERE, 2013; PURPLE; GERHOLD, 2015). A protozoan infects
wild and captive bird species worldwide and migrating birds may contribute to its
spread (ROBINSON et al., 2010). Due to its widespread occurrence and sometimes its
pathogenic character, it is believed that 7. gallinae plays a role in the regulation of wild
bird populations (ROBINSON et al., 2010; STABLER, 1954; KRONE et al., 2005;
FORRESTER; FOSTER, 2009; AMIN et al.,, 2014). Birds of prey may develop
trichomoniasis by feeding on infected prey, particularly pigeons (Columba livia), main
hosts of 7. gallinae (BUNBURY et al., 2008a), causing mortality of adults and pups
(KRONE et al., 2005; AMIN et al., 2012; BUNBURY et al., 2008b; STOCKDALE et
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al., 2015). Transmission may also occur at shared feeding sites among several bird spe-
cies, but the main form is during feeding of pups by infected parents (STABLER, 1954;
KOCAN, 1969).

Drugs for the treatment of trichomoniasis are nitroimidazoles. However, the use of
subdoses and the preventive use of these drugs against avian trichomoniasis have
resulted in the emergence of resistant strains (LUMEJI, ZWIINENBERG, 1990).
Despite the existence of nitroimidazole-resistant strains of 7. gallinae, very little

research has been done with alternative means of treatment.

One of the alternatives is the use of essential oils (OE), which are used due to their
chemical compounds and have antibacterial, antifungal, antiviral, antiprotozoal and anti-

inflammatory activi-ties (CARSON et al., 2006; HAMMER et al., 2008).

Besides the use of OEs, nanotechnology has been used for the development of
nanostructured systems that can increase the effectiveness of the oil, mainly raising its
stability and the contact time on the target tissues. In our study, nanostructured OEs
appear as a new alternative for the treatment in search of a new molecule of this disease,
since these systems can, through their high specific sur-face and reduced surface
tension, promote greater penetration of active substances at specific sites
(SALAMANCA-BUENTELLO et al., 2005; SILVA, 2004), have less impact to the

host, as well as improve the efficacy in the treatment of avian trichomoniasis.

The objective of the present study was to evaluate the efficacy of essential oils and
nanoemulsions of Eucalyptus globulus (eucalyptus) and Ocimum basilicum (basil),
besides also evaluating new non-cytotoxic and pharmacologically active compounds in

vitro against trophozoites of 7. gallinae.

MATERIAL AND METHODS

REAGENTS
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OE basil (O. basilicum) and metronidazole used as control in the in vitro test were
purchased from Sigma-Aldrich®, Germany. Eucalyptus (E. globulus) of FERQUIMA

Industria e Comércio Ltda.

DEVELOPMENT AND CHARACTERIZATION OF NANOEMULSIONS

The essential oils and nanoemulsions in O. basilicum and E. globulus were supplied by
the Nanotechnology Laboratory of the Universidad Fransciscana (UFN). The
characterization of essential oils allowed the method described by Hussain et al., 2010
with modifications. Using the Varian Star 3400CX gas chromatograph (CA, USA). For
the qualitative analysis of the compounds, a Shimadzu QP2010 Plus gas chromatograph
coupled to a mass spectrometer (GC / MS, Shimadzu Corporation, Kyoto, Japan) was

used (GODOI et al., 2017; GUNDEL et al., 2018).

DEVELOPMENT OF NANOEMULSIONS

The nanoemulsions containing Basil (O. basilicum) or Eucalyptus (E. globulus) oil were
developed using the homogenization under high agitation method, following the
methodologies described by Giindel et al. 2018 and Godoi et al., 2017, respectively. The
formulations were composed of an oil phase containing essential oil (5%) eucalyptus or
7.5% basil and sorbitan monooleate surfactant (2%), while the aqueous phase was
composed of polysorbate 80 (2%) and ultrapure water. Both phases were homogenized
separately with the aid of a magnetic stirrer, then the aqueous phase was placed in the
Ultra-Turrax® (IKA, Germany) equipment for 10 minutes at 10,000 rpm. Subsequently,
the oil phase was injected into the aqueous phase, and maintained in the Ultra-Turrax®
for 30 minutes at 17,000 rpm, with temperature control. The blank nanoemulsion was
developed using a medium chain triglyceride, derived from caprylic and capric acids

(GODOI et al, 2017; GUNDEL et al., 2018).
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CHARACTERIZATION OF NANOEMULSIONS

The physicochemical characterization of the formulations was evaluated by determining the
mean droplet size, polydispersity index, zeta potential and pH. The mean droplet size and
polydisper-sity index were determined by the dynamic light scattering technique (Zetasizer®
equipment, nano-ZS model ZEN 3600, Malvern) after sample dilution (500 times) in
ultrapure water. The zeta potential was determined using the electrophoretic mobility
technique (Zetasizer® equipment, nano-ZS model ZEN 3600, Malvern) after sample dilution
(500 times) in aqueous solution of sodium chloride (10 mM). The pH was determined using a
potentiometer (DM-22, Digimed®) previously calibrated with standard solution, and the
readings were carried out directly in formulations. All formulations of the nanoemulsions
remained stable under refrigeration for up to 90 days. The readings were done in triplicate and
the results expressed as mean = standard deviation (GODOI et al., 2017; GUNDEL et al.,
2018).

TRICHOMONAS GALLINAE

Specimens of 7. gallinae were recovered by the wet mount method of naturally infected pi-
geons. Twelve native pigeons (2 to 8 weeks old) were captured in their nests in the city of
Pelotas, Rio Grande do Sul. This research was approved by the Committee of Ethics in the
use of animals of the Federal University of Pelotas, 05/07th/2018, under the protocol
23110.012860 / 2018-81 and SISBIO on 02/08th/2018, under number 61235-1.

Using swabs, samples were taken from the oral cavity, and from membranous lesions of the
oropharyngeal region of domestic pigeons (C. livia). The culture of the parasite was prepared
by immersion of oral swabs in tryptone / yeast extract / maltose medium (TYM) Diamond,
(1957), supplemented with 10% adult fetal serum, antibiotic (meropenem), antifungal
(amphotericin B) and incubated at 37 © C (SANSANO et al., 2009). The cultures were then
examined under an optical mi-croscope at (100 and 400 x) for observation of mobile T.

gallinae trophozoites.

Cultures were observed during seven consecutive days to verify the growth of trophozoites.
Every 48 hours, such as trophozoites that had more than 95% mobility and normal

morphology, they were subcultured (SEDDIEK et al., 2014).
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IN VITRO ASSAY

To examine the susceptibility of 7. gallinae to essential oils and nanoemulsions, sterile 96-
well plates were used for incubation with different concentrations of essential oil and nano-
emulsion. The nanoemulsions used for the in vitro assay were applied after seven days of their

formulations preparation.

The parasites were seeded at an initial density of 1x106 trophozoites / mL of TYM and
incubated with the oils and nanostructured. Three controls were performed: A (trophozoites
only), B (trophozoites plus the vehicle for solubilization of the derivatives (0.01% Tween) C

(trophozoites plus 100mM metronidazole) (as positive control, and D (blank nanoemulsion).

The essential oils and nanoemulsions were added to the wells to obtain final concentrations of
0,25 and 2%, respectively. Subsequently, to generate anaerobic conditions, the microculture
plates were incubated at 37°C with 5% CO2 for 24 h. After this period, a preparation with
trophozoites, con-taining trypan blue (0.4%) (1:1), was evaluated in Neubauer chamber.
Cultures with viability equal or greater than 95% were used for assays, being considered

motility, morphology and exclusion by death.

The ICso (half of the maximum inhibitory concentration) was determined at concentrations for
the oils and nanoemulsions. A kinetic growth curve was constructed to obtain the profile of

com-parable activity of compounds OEs and nanoemulsions against 7. gallinae trophozoites.

Only the OEs and nanoemulsions that showed a reduction in the viability of the trophozoites
to 100% were used to determine the MIC and were used under different concentrations. The
tropho-zoites used to establish MIC and low and high concentrations, as well as controls
inoculated in fresh TYM medium at 37°C, were counted in Neubauer chamber with trypan

blue every 24 hours for 96 hours to confirm MIC.

The best concentrations, presented after MIC analysis for each essential oil and
nanoemulsion, were performed at the following times: 1, 6, 12, 24, 48, 72, and 96 hours by
the death exclusion method. The ICso was determined at varying concentrations, as described
in the MIC method. A death time curve was constructed to obtain an activity profile of the
efficacy of essential oil and nanoemulsion against 7. gallinae flagellate trophozoites. All

assays were performed independently in nonoplicata (SENA-LOPES et al., 2017).
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ANALYZE STATISTICAL

Statistical analysis was performed by univariate analysis of variance (ANOVA) using a

probability value of p <0.05 followed by the Tukey Test (GraphPad Prism 8.0 Software).

RESULTS

CHARACTERIZATION ESSENTIAL OIL

The OE components of eucalyptus and basil were analyzed by gas chromatography. The ma-
jor compounds of the E. globulus EO and its main components were 1,8-cineole (75.7%); p-
cymene (7.5%); alpha-pinene (7.3%); and limonene (6.4%). In the analysis of the basil oil, the
estragol was identified as the main constituent, which represented about 87%, in the sequence
are the compounds 1,8-cineol and trans-alpha-bergamotene presenting values of

normalization around 3 and 2%, respec-tively (GODOI et al, 2017; GUNDEL et al., 2018).

CHARACTERIZATION OF NANOEMULSIONS

All nanoemulsions presented a polydispersity index lower than 0.3, indicating homogeneity
of droplet size and characterizing a monodisperse system (ADUKU et al., 2016; XAVIER et
al., 2016). Despite the use of non-ionic surfactants in the formulation, the nanoemulsions
have slightly negative zeta potential, which may be associated with the chemical properties of
the polyoxyethylene chains present in the sorbitan monooleate and polysorbate 80
(MARUNO, ROCHA-FILHO, 2010). While acid pH values are related to the properties of
essential oils (FLORES et al., 2011).

Nanoemulsions are formed by mixing two immiscible liquids stabilized by surfactants, rang-
ing in size from 20um to 500 nm. The nanoemulsions developed in the present study had an
average droplet size of less than 200 nm. The results of the characterization of nanoemulsions
with OE and white nanoemulsion, according to mean size, polydispersity index, zeta potential

and pH, are shown in table 1.

Table 1 - Physical-chemical characterization of nanoemulsions.



62

Average droplet size (nm) Polydispersity index Zeta potential (mV) pH
Nanoemulsion 66 +0.81 0.23 £0.004 -7.53£0.72 5.90 £ 0.04
containing eucalyptus oil
Nanoemulsion 113+0.78 0.19 £0.007 -8.47+0.98 5.37 £0.04
containing basil oil
Blank nanoemulsion 127 +£1.02 0.25 4+ 0.005 -6.37+0.58 5.15+0.03

The under refrigeration nanoemulsions were stable for 90 days as the parameters were

maintained when compared to the parameters immediately after preparation (GODOI et al,

2017; GUNDEL et al., 2018).

IN VITRO ASSAY

The results of the in vitro study on the anti-trichomonal 7. gallinae inhibitory effect of OEs

and nanoemulsions and the comparison of this activity with the drug metronidazole are

presented in Table 1.

Table 2 - Anti-trichomonas activity in culture media of the formulations: essential oils and nanoemulsions in
Ocimum basilicum and Eucalyptus globulus at concentrations of 0,25- 2%, as controls: CN (negative control), MTZ
(metronidazole), TW (tween 80%) and NB (Blank nanoemulsion). The analyzes were evaluated at 24 hours post-
treatment. The columns indicate the groups and * indicate the statistical difference when compared to the MTZ control

by Tukey’s test (P <0.05).
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The essential oil and nanoemulsion of the compounds tested against 7. gallinae, with
emphasis on basil, showed efficiency at lower concentrations when compared to eucalyptus.
For basil (O. basilicum), after 24- hour incubation at 1,25% concentration for nanoemulsion
and 1.5% for essential oil, 100% unviable trophozoites in the culture medium. The MIC
(minimum inhibitory concentration) of the es-essential oil and the nanoemulsion were 1,45%
and 1,20%. ICso values (mean inhibitory concentration) were set at 0,5% for nanoemulsion

and 0,75% for essential oil.

The essential oil and nanoemulsion of eucalyptus (E. globulus) showed inhibitory activity at
the concentration of 1,5% and 2%, revealing its effectiveness in 24 hours, with no significant
difference between them (Fig. 1). The MIC was 1,45% and 1,90% and the IC50 was 0,75%
and 1%, respectively.

The growth of the trophozoites was completely inhibited by the essential oils and

nanoemulsions of basil and eucalyptus, the inhibition of 100% of the trophozoites after 24-

hour incubation (Table 2).

Table 3 - Time of death of Trichomonas gallinae after treatment with negative control group, metronidazole, tween

80, blank nanoemulsion, essential oil and nanoemulsion basil and eucalyptus, in the period of 0, 1, 6, 12, 24, 48, 72

and 96 h.
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B Eucaliptus globulus
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DISCUSSION

The study of the use of herbal medicines has increased significantly in recent years. The use
of medicinal plants with potential effects and phytotherapics has been increasing for the
treatment of trichomoniasis, mainly for the species Trichomonas vaginalis. Iran has already
been developing studies of native plants (IBRAIM, 2013), but in Brazil this study represents
unpublished results with phytotherapy for the 7. gallinae protozoan.

The emergence of resistance to the drugs used for the treatment of avian trichomoniasis has
been reported in different parts of the world, as in studies by Lumeij and Zwijnenberg (1990)
in Russia; Franssen and Lumeij (1992) in Europe; Gerhold et al. (2008) in Belgium, Munoz et
al. (1998) in Spain, Rouffaer et al. (2014) The United States and Tabari et al. (2017) in Iran.
Resistant strains end up becoming a threat to bird sanity (FORRESTER,; FOSTER, 2009) and
the parasite is found in spe-cies, such as: pigeon, sparrow, cardinal, quail, parrot, domestic

birds, chicken, turkey, not infrequently causing economic losses
(BONDURANT,HONIGBERG, 1994).

Resistances to current chemotherapies evidenced the need for new antiparasitic agents, such
as the use of OEs and plant nanoemulsions (SOLORZANO-SANTOS et al., 2011, BARROS
et al., 2016). There are reports of resistant isolates of 7. gallinae to nitroimidazole, and their

prevalence reaches 80-100%, few studies have been conducted to find alternative
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trichomonacidal agents (HARLIN; WADE, 2009). The present work is a pioneer in studies
related to essential oil and nanoemulsions on the flagel-late protozoan 7. gallinae in Brazil,

with promising results for OE basil nanoemulsion.

Treatment with basil, eucalyptus and metronidazole resulted in no viable trophozoite in the
culture medium after 24 hours, corroborating with the data from Youssefi et al. (2017) and
Tabari et al. (2017). These essential oils demonstrated the antitrichomonal effects against
tropho-zoites 7. gallinae, at the assay in vitro. Several drugs were tested active trichomoniasis
in pigeons (AYDIN, COSKUN 2000; EL-SAYED 2005), but the potential risks of
carcinogenicity (SOBEL et al., 2010) and drug resistance (FRANSSEN,;LUMEIJ] 1992)
against MTZ made the development of a new antitrichomonal drug an urgent need. Since
ancient times, various herbal medicines have been tested to treat different parasites

(KANOJIYA et al., 2015).

The EO and nanoemulsions used in the present study, at their respective concentrations, have
already been tested under other microorganisms, without cytotoxicity (GODOI et al., 2017;
GUNDEL et al., 2018).

The three chemical constituents predominant in these OEs in this study were previously iden-
tified as major constituents, however, at different concentrations (VITTI;, BRITO, 2003;
MARTINEZ-VELAZQUEZ et al., 2011, MOKHTARZADEH et al., 2017). Variations in
chemical constituents occur due to several factors: seasonality, temperature, collection,
availability of water, among others (XAVIER et al, 2016). In our data the chemical
constituents of the OEs tested showed activity against the flagellated 7. gallinae protozoan, at
different concentrations, inactivating the same in the 24-hour period. The activity of basil OEs
is related to bioactive components that have estragol. Its activity is mainly associated with one
of its components, estragol, which has already exhibited activity in other studies, such as the
Eimeria tenella (JITVIRIYANON et al., 2016), G. lamblia (BARBOSA et al., 2007), T.
gallinae (ADEBAJO et al., 2006), T. vaginalis (ARTHAN et al., 2008), and Leishmania
infantum (GONZALEZ-COLOMA et al., 2011). In our study, basil oil showed higher efficacy
at shorter time when compared to essential oil of eucalyptus. It has been demonstrated
essential oil has the ability to destroy the integrity of the cell membrane, releasing the cellular
components and causing morphologi-cal changes in the plasma membrane, which may cause

damage to the organelles, and thus, cellular lysis of the trophozoites (BOYOM et al., 2003).
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The efficacy of basil nanoemulsion, when compared to essential oil and nanoemulsion in
euca-lyptus, had a greater efficacy (P <0.05). This fact can be attributed to the chemical
compounds present in this essential oil, particle size reduction and greater bioavailability. The
relevance of research with nanostructured systems with bioactive withdrawn from plants is
evident as seen in the works of Schmaltz et al. (2005), Codevila et al. (2015), Bahamond et al.
(2015) and Wen-Chien et al. (2018). The essential oils of basil and eucalyptus presented anti-
trichomonas activity, both in their free formulation, as well as, nanostructured. However, the
basil formulation evidenced its strongly po-tentiated activity, since it caused 100% mortality

of the trophozoites in a lower time interval when compared to the OEs tested.

Tabari et al. (2017) suggests that P. harmala is a natural antitrichomonal agent effective
against 7. gallinae when compared to metronidazole, with a similar result to that of the
present study, when compared to essential oil and nanoemulsion of basil at concentrations of
1,25% and 1,5%. Nikpay and Soltani (2018) evaluated the anti-trichomonas activity of the
extracts of Pulicaria dysenterica and Lycopus europaeus at different concentrations. The
results showed that both extracts decreased viability in 10% and 60% inhibition of the growth
of the culture, results inferior to those obtained in the present work, in which the minimum

inhibitory concentration (MIC) was 100% mortality of the trophozoites.

The essential oil O. basilicum had lethal effects on the growth of the trophozoites, with
ultrastruc-ture destructive changes. In this study the effect of the O. bacilicum oil on the
inhibition of trophozoites growth showed statistically significant difference when compared to
parasite negative control, inhibition of trophozoites growth, and trophozoites motility were in
relation to concentration and incubation in 24-hours’ time. These findings were in accordance
with the results of 7. gallinae (ADEBAJO et al. 2006) and 7. vaginalis (ARTHAN et al.
2008; ELDIN et al., 2015). It is believed that the inhibitory effect of O. basilicum oil on the
growth of trophozoites is, also possibly, through its ability to inhibit activity of cysteine
proteinase of 7. gallinae, as claim Gradoni and Ascenzi (2004) under the protozoa T.

vaginalis.

The eucalyptus EO has therapeutic application and Silva et al. (2003), Batish et al. (2008),
Matos et al. (2004) and Chagas et al. (2002) state that some species of eucalyptus have
activity against protozoa. In this study, the evaluation performed with the essential oil and

nanoemulsion of Eucalyptus globulus on MIC (1,90%), occurred the death of the trophozoites
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in 24-hours exposure. This data shows the lower efficacy of this bioactive compound when
compared to the results observed with basil OE, because the lower the MIC, the greater the
potency and, consequently, the greater the difficulty of the microorganism to develop

resistance.

The eucalypt EO effectiveness was higher when compared to its nanoemulsion, which has a
slower release to the trophozoites, breaking the nanostructure later. These results differ from
those observed by Chagas et al. (2002) who demonstrated biocidal action of Eucalyptus
species on the Rhipicephalus (Boophilus) microplus tick and observed that the essential oils
had their activities potentiated when transformed into emulsifiable concentration. This
eucalypt EO efficacy when compared to na-noemulsion can also be attributed to dilution of
the oil that provides a slower and more effective penetration into the microorganism.
Although the pure oil is lipophilic and has a lower absorp-tion, when compared to the

emulsifiable system (CHAGAS et al., 2002).

The use of nanoemulsions with essential oils has been gaining ground in research. Nanoemul-
sions can be classically defined as a nanometric dispersion of oily droplets in an external
aqueous phase, stabilized by a suitable surfactant system. The oil/drug delivered is preferably
dispersed or adsorbed on the oily nucleus of the nanostructure (FRONZA et al., 2004). In the
tests carried out the nanotechnology associated with the essential oil of basil showed a high
efficiency in the absorption of the target cells.

Nanotechnology associated with animal welfare has been gaining applications ranging from
diagnosis to treatments in the field of pharmaceutical nanotechnology (FENEQUE, 2003).
The syn-thesis of new synthetic molecules provides therapeutic compounds for the treatment
of diseases in pets and production (CHAKRAVARTHI; BALAIJI, 2010). The primary focus
of research in the area of nanoemulsions is the creation of drug delivery systems. The
development of these systems has made possible some improvements in the rate of

absorption, distribution, metabolism and excretion of drugs or other substances in the body
(FENEQUIE, 2003).

The nanoemulsions used in the present study were evaluated for their stability under opposing
climatic conditions. When stored at elevated temperatures (40°C), there were instability in
their for-mulations. Stability was observed for 90 days under refrigeration, when compared to
the parameters obtained shortly after preparation (GUNDEL et al., 2018; SOLANS et al.,
2005).
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An emulsion when it presents a mean droplet diameter (Z) of less than 300 nm is considered a
nanoemulsion, corroborating with our study, in which the nanoemulsions had a diameter of
less than 200 nm. Emulsions containing the smallest diameters (200-500 nm) tend to be
physically more stable (MEHLHORN et al., 2009). The stability is due to the use of
surfactants in their formulation, which increase the availability and penetration by low
interfacial tension. The droplet size is a parameter of stability is relevant and of great
importance (ANTON; VANDAMME, 2011; LEONG et al., 2009; MCCLEMENTS, 2012)

Nair et al. (2016) state that the therapeutic efficacy of many compounds when they are
associated with nanotechnology occurs because of better solubilization, greater bioavailability
and protection of the active ingredient against enzymatic and hydrolytic degradation. In our
study, the results obtained in the tests with the EO of nanostructured basil demonstrate a
greater efficacy. This fact could be attributed to a greater penetration of the nanoemulsion in
the receptors present in the proto-zoan membrane, which allowed a greater interaction
between them. The higher the concentration of nanoemulsion, the greater the dose-dependent
efficacy, with 100% mortality occurring in the three highest concentrations tested. This result
can be attributed to the size of the nanoparticles (<200 nm). Trados et al. (2004) affirm that
nanoemulsions with the size and biocompatibility of 20-200nm present advantages like

greater bioavailability, which facilitates the EO activity.

CONCLUSION

The essential oils and their respective nanoemulsions were able to reduce the viability of 7.

gallinae trophozoites that were causing cell death at different concentrations.

The use of basil OE was more effective against trophozoites of 7. gallinae with increasing
concentrations of essential oil and nanoemulsion in a time of 12 hours. The efficacy of EO of

basil and eucalyptus only reached 100% efficacy after 24 hours of contact.

These results aim at the possibility of using essential oils and nanoemulsions as anti-
trichomonas agents in various concentrations and may suggest the potential of these plants for
the treatment of metronidazole resistant 7. gallinae isolates. However, more comprehensive
studies are needed to research the anti-trichomonas activities of essential oils and

nanoemulsions under in vivo conditions.
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Abstract

Objective: This study was done to
evaluate the in vitro and in vivo effects of
the  essential oil (OE-CL) and
nanoemulsion (N-CL) of Cymbopogon
flexuosus against Trichomonas gallinae.
Materials and Methods: /n vitro assays
were done with 10° parasites and OE-CL
and N-CL in the concentrations: 110, 220,
330, 440, 550, 660, 770 and 880 ug/ml and
four controls: CN (culture medium and
trophozoites), MTZ (trophozoites plus 800
pg/ml of metronidazole), TW (trophozoites
plus vehicles used for solubilization of
derivatives (0.01% Tween) and NB (blank
nanoemulsion 880 upg/ml). The in vivo
assay was done in 35 quails (Coturmx
coturnix) infected experimentally 4x10*
mg/kg, were divided in seven groups
(n=5): A (control-healthy), B (control
infected), C (control TW 0.01%), D (NB
0.88 mg/kg), E (drug MTZ 25 mg/kg, F
(OE-CL at 0.55 mg/kg) and G (N-CL at
0.44 mg/kg), during 7 consecutive days.
Results: The in vitro test showed that the
OE-CL (550 pug/ml) and N-CL (440 pg/ml)
concentrations reduced the trophozoites
viability in 100%. In the in vivo test, the
treatment with OE-CL was efficient on the
4™ treatment day and the N-CL after the 3™
day, and the MTZ in the therapeutic
concentration was efficient on the 7" day.
Conclusion: It can be observed in this
study that the lemon grass has natural
potential antitrichomonal activity against
T. gallinae in vitro and in vivo.

Baccega B, Whast Islabao Y, Brauner Mello A, Obelar Varting F, Cactano dos Santos C, Ferreira OUurique A, da
Silva Giindel S, Raquel Pegoraro de Macedo M, Elena Silveira Vianna E, Amélia da Rosa Farias N, Belmonte
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Introduction

Trichomonas gallinae is a eukaryotic organism, belonging to the Protist Kingdom (Gaspar da
Silva et al., 2007). The infection by the flagellated protozoan, affects primarily the upper
digestive and respiratory tract of birds (Columbiformes,

Falconiformes, Psittaciformes, Passeriformes and Galliformes) (Forrester and Foster, 2009).
Occurring in sylvan birds, as well as in captivity, being which has pigeons (Columba livia) as
responsible for its distribution, one of its main hosts. (Forrester and Foster, 2009; Bunbury et
al., 2007).

For the treatment of this parasitoses, nitroimidazoles such as metronidazole and tinidazole are
used, however, the treatment features therapeutic failures like adapted protocols and
resistance of isolates and strains (Dunne et al., 2003; Upcroft et al., 2001; Dingsdag and
Hunter, 2018, Zimre Grabensteiner et al., 2011 and Cudmore et al., 2004). Besides, these
active principles can present toxicity, and administration of drugs in long-term treatment has
carcinogenic potential, possibly due to the relation with DNA, proteins and cell membranes
(Hussein et al., 2011; Rein, 1995; Tracy and Webster, 1996).

New alternatives are necessary to provide a substitute treatment against this protozoan as the
use of essential oils (OEs) (Seddiek et al., 2011; Tabari et al., 2017; Youseffi et al., 2017) and
the Cymbopogon genus, the C. flexuosus botanical species known as lemon grass, is a plant
that produces high levels of OE when cultivated in tropical and subtropical regions worldwide
and it has been gaining prominence in the use against parasitoses like Leishmania (L.)
chagasi, and Trypanosoma cruzi (Ganjewala and Luthra, 2010; Santoro et al., 2007; Oliveira
et al., 2012). OEs can suffer environmental variations and the use of nanostructured systems is
an efficient strategy to prevent its degradation, improving the beneficial effects and the
release of active compounds (Fang et al., 2010; Hosseini et al., 2013). In this context, this
study had the objective to investigate the in vitro and in vivo Trichomonas activity in quails
(Coturnix coturnix japonica) of the essential oil and Cymbopogon flexuosus (CF)
nanoemulsion.

Materials and Methods

Reagents

CF was commercially acquired from FERQUIMA Industria e Comércio Ltda. Polysorbate 80
was acquired from Synth (Brazil), Sorbitan monooleate, MTZ (metronidazole) and meio de
cultivo utilizado foi trypticase-extrato de levedo-maltose (TYM) was obtained from Sigma-
Aldrich®, Deisenhofen, Germany and sterile adult bovine serum (SBA), from Bio Nutrients.

Development and characterization of nanoemulsion

The OE-CL and N-CL were supplied by the Nanotechnology Laboratory of the Universidad
Fransciscana (UFN). The characterization OE-CL followed the method described by Hussain
et al. (2010) with modifications (Giindel et al., 2018), using the Varian Star 3400 CX gas
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chromatograph (CA, USA). For the qualitative analysis of the compounds, a Shimadzu
QP2010 Plus gas chromatograph coupled to a mass spectrometer (GC/MS, Shimadzu
Corporation, Kyoto, Japan) was used (Giindel et al., 2018).

Development of nanoemulsion

The N-CL oil was developed using the homogenization under high agitation method,
following the methodologies described by Giindel et al. (2018). The formulations were
composed of an oil phase containing OE-CL (5%) and sorbitan monooleate surfactant (2%),
while the aqueous phase was composed of polysorbate 80 (2%) and ultrapure water. Both
phases were homogenized separately with the aid of a magnetic stirrer, then the aqueous
phase was placed in the Ultra-Turrax® (IKA, Germany) equipment for 10 min at 10,000 rpm.
Subsequently, the oil phase was injected into the aqueous phase, and maintained in the Ultra-
Turrax® for 30 min at 17,000 rpm, with temperature control. The blank nanoemulsion was
developed using a medium chain triglyceride, derived from caprylic and capric acids (Giindel
etal., 2018).

Characterization of nanoemulsion

The physicochemical characterization of the formulation was done by determining the mean
droplet size, polydispersity index, zeta potential and pH. The mean droplet size and
polydispersity index were determined by the dynamic light scattering technique (Zetasizer®
equipment, nano-ZS model ZEN 3600, Malvern) after sample dilution (500 times) in
ultrapure water. The zeta potential was determined using the

electrophoretic mobility technique (Zetasizer® equipment, nano-ZS model ZEN 3600,
Malvern) after sample dilution (500 times) in aqueous solution of sodium chloride (10 mM).
The pH was determined using a potentiometer (DM-22, Digimed®) previously calibrated
with standard solution, and the readings were carried out directly in formulations. The
formulation of the N-CL remained stable under refrigeration for up to 90 days. The readings
were done in triplicate and the results are expressed as meanzstandard deviation (Gilindel et
al., 2018).

Trichomonas gallinae

Samples of 7. gallinae were recovered by the wet mount method of naturally infected
pigeons. Twelve native pigeons (C. /ivia) (2 to 8 weeks old) were captured in their nests in the
city of Pelotas, Rio Grande do Sul.

Using swabs, samples were taken from the oral cavity, and from membranous lesions of the
oropharyngeal region of domestic pigeons (C. /ivia). The culture of the parasite was prepared
by immersion of

oral swabs in tryptone/ yeast extract/maltose médium (TYM) (Diamond, 1957) supplemented
with 10% adult fetal serum, antibiotic (meropenem), antifungal (amphotericin B) (Sigma-
Aldrich®) and incubated at 37°C (Sansano et al., 2009). The cultures were then examined
under an optical microscope at (100 and 400x) for mobile trophozoites observation.

Cultures were observed over seven consecutive days to verify the growth of trophozoites. At
every 48 hr, trophozoites that had more than 95% mobility and normal morphology were
subcultures (Seddiek et al., 2014).
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Molecular analyses

To confirm the Trichomonas species, we did molecular analyses and construct the
phylogenetic tree of genera. For the extraction of total genomic DNA, the culture medium
sample from the in vitro test of T. gallinae was used, applying a commercial DNA- GenElute
Mammalian Genomic DNA Miniprep (Sigma-Aldrich, St. Louis, MO, EUA) according to the
manufacturer's instructions.

To verify the parity of the 7. gallinae DNA sample, Trichomonad small subunit (SSU) rRNA
primers (forward— TACTTGGTTGATCCTGCC and reverse-TCACCTACCGTTACCTTG)
and the ITS-1 rDNA sequences were amplified by PCR using the ITSIR-ITSIF and primers
were modified according to Cepicka et al (2005). The PCR reaction was run in the final 25 pl
volume using Promega PCR Master Mix (Promega Corporation, WI, USA), 20 pM of each
primer, and 100-150 ng DNA template. The amplification comprises a denaturation step of 5
min to 95 °C hence of 40 repeats of 60 sec at 95 °C, 30 sec at 56° C and 30 sec at 72° C and a
final extent at 72° C for 10 min. A positive control (Caracara plancus) and a negative control
sample were used for each amplification reaction. The amplicons were verified by agarose gel
electrophoresis (2%) and observed by staining with Blue Green 1X DNA loading dye (LGC
Biotechnology, Sao Paulo, Brazil). The amplification products were purified using the Illustra
GFX (GE Healthcare) PCR and gel DNA purification kit and the DNA strand was sequenced
directly (Macrogen; http://www.macrogen.com). The sequence results were matched with the
NCBI/Genbank database using the Basic Local Alignment Search Tool (BLASTn).

The SSU sequences were used to construct the phylogenetic tree, in software MegaX (Kumar
et al, 2018). The phylogenetic trees were inferred using the Neighbor-Joining method and
Maximum Likelihood. The robustness of the trees was evaluated using bootstrapping with
1000 replicates.

In vitro assay

To examine the susceptibility of 7. gallinae to free and nanostructured oils, sterile 96-well
plates were used for incubation with different concentrations of OE free and nanostructured.
The N-CL was applied to the in vitro assay after seven days of the preparation of its
formulation.

The parasites were seeded at an initial density of 10° trophozoites/ml of TYM and incubated
with the oil and N-CL. Four controls were considered: A (trophozoites only), B (trophozoites
plus the vehicle used for solubilization of the derivatives (0.01% Tween (TW), C
(trophozoites plus 880 pg/ml metronidazole (MTZ), as positive control) and D (blank
nanoemulsion (NB) 880 pg/ml).

Free OE-CL and nanostructured were added to the wells to obtain final concentrations of 110,
220, 330, 440, 550, 660, 770 and 880 pg/ml, respectively. Subsequently, to generate
anaerobic conditions, the microculture plates were incubated at 37°C with 5% CO2 for 24 h.
After this period, a preparation with trophozoites, containing trypan blue (0.4%) (1:1), was
evaluated in Neubauer chamber. Cultures with viability equal to or greater than 95% were
used for assays, having considered motility, morphology and exclusion by dye.

The IC50 (half the maximal inhibitory concentration) was determined for the oil and N-CL. A
kinetic growth curve was constructed to obtain the profile of comparable activity of OE and
N-CL compounds against 7. gallinae trophozoites.
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Only the concentrations of OE and/or N-CL that showed a reduction in the viability of the
trophozoites to 100%, were used to determine the MIC (minimum inhibitory concentration).
The trophozoites used to establish MIC and below and above concentrations, as well as
inoculated controls in fresh TYM medium at 37°C, were counted in Neubauer chamber with
trypan blue every 24 hr for 96 hr to confirm MIC.

The best concentration, presented after MIC free oil analysis and N-CL OEs, was conduted at
the following times: 1, 6, 12, 24, 48, 72 and 96 hr by the dye exclusion method. The IC50 was
determined at varying concentrations, as described in the MIC method. A death time curve
was constructed to obtain an activity profile of the efficiency of the free oil and N-CL against
T. gallinae flagellate trophozoites. All assays were performed independently in nonoplicate
(Sena- Lopes et al., 2017).

Animals

Quails (C. coturnix japonica), females, at 6 weeks old and average weight of 115 g, were
allocated in specific cages for the species, separated and fed with ration diet (100 to 120
g/bird/day) and water ad

libitum and went through a 15-day adaptation period. Afterward, they were infected
experimentally by oral inoculation, with 4x10* trophozoites. From the seventh day after
infection, trophozoites were observed in the birds. These ones were examined daily, for 15
days, by wet mounting method and observed under optical microscope, to confirm the
infection. The body weight of the quails was evaluated in the beginning and at the end of the
experiment.

In vivo assay
The birds were divided in seven groups (n=5): A (control-healthy), B (control infected), C
(control TW 0.01%), D (NB 0,88mg/kg), E (MTZ 25 mg/kg), F (OE-CL at 0.55 mg/kg) and G

(N-CL at 0.44 mg/kg). The treatments were managed orally (gavage) once a day, during 7
consecutive days (Youssefi et al., 2017).

Committee of ethics

The Committee of Ethics in the use of Animals of the Federal University of Pelotas, under the
protocol 23110.005097/2017-51 and 23110.012860 2018-81 and SISBIO under numbe
61235-1 approved this research.

Analyze statistical

Statistical analysis was performed by univariate analysis of variance (ANOVA) using a
probability value of p<0.05, followed by the Tukey Test (GraphPad Prism 8.0 Software).

Results

Characterization OE-CL
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The chemical components of OE-CL was determined by gas chromatography. The major
compounds were [-geranial (45.74%), Z-citral (34.42%) and geraniol (6.01%), respectively.
Characterization of N-CL

All N-CL presented a polydispersity index lower than 0.3, indicating homogeneity of droplet
size and characterizing a monodisperse system espite the use of non-ionic surfactants in the
formulation, the N-CLs had slightly negative zeta potential.

N-CL is formed by mixing two immiscible liquids stabilized by surfactants, ranging in size
from 20 pm to 500 nm. The N-CL developed in the present study had an average droplet size
of less than 200 nm. The results of the characterization of N-CL with OE and white N-CL,
according to mean size, polydisperasion index, zeta potential and pH, are shown in Table 1.

The under-refrigeration N-CLs were stable for 90 days as the parameters were maintained
when compared to the parameters immediately after preparation.

Molecular results
The T. gallinae isolate was confirmed by equivalence with the Genbank isolates.
In vitro assay

The results of the in vitro study on the anti-trichomonal inhibitory effect of OE, N-CL and
MTZ. The comparison of this activity with the CN (negative control) is presented in Figure 1.
Neither OE-CL nor N-CL presented toxicity at the concentrations used in the study, being
tested on other micro-organism.

For the N-CL after 24 hr incubation at 440 pug/ml concentration and 550 pg/ml for OE-CL,
100% unviable trophozoites in the culture medium was found (Figure 3). The MICs
(minimum inhibitory concentration) of the free OE-CL and the N-CL were 528 and 418
pg/ml. IC50 values (minimum inhibitory concentration) were set at 110 pg/ml for N-CL and
220 pg/ml for free OE-CL. The growth of the trophozoites was completely inhibited by the
free and nanostructured OE of lemon grass in 12 hr incubation (Figure 4).

In vivo assay

After the treatment with OE-CL trophozoites, the absence in 4-day post treatment birds (n=5)
was observed, and until the 7th day, none of the birds of this group has presented viable forms
of trophozoite in the swabs culture through 24 and 48 hr, comparing to all other group
controls (p < 0.05). The treatment with N-CL presented efficiency on the 3™ day of treatment
with the trophozoites absence (n=5) after 4" day of treatment, none of the birds of this group
has presented viable trophozoites in the culture until the 7" day. The MTZ presented
trophozoites absence in the birds on the 7 day of treatment. During the experiment deaths did
not occur and there was no adverse effect observed in the treated animals. During the
treatment (30 days), the body weight and laying of the treated quails and the groups controls
have not shown changes (Figure 5).

Discussion
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Drugs like MTZ, dimetridazole, ronidazole and carnidazole, are considered efficient against
trophozoites of 7. gallinae (Franssen and Lumeij, 1992). The existence of resistant strains to
the in vivo nitroimidazoles has already been demonstrated in several countries (Lumeij and
Zwijnenberg (1990), Franssen and Lumeij (1992), Gerhold et al. (2008), Munoz et al. (1998),
Rouffaer et al. (2014), Tabari et al. (2017), and threaten bird health, causing economic losses
(Bondurant and Honigberg, 1994). This work is pioneer in studies related to OE-CL and N-
CL on the T. gallinae flagellated protozoan in Brazil.

In our study, we used the lemon grass and in the gas chromatographic analysis, it was
observed that B-geranial (45.74%), Z-citral (34.42%) and geraniol (6.01%) are the main
constituents of OE. Adukwu et al.(2012) and Ahmad and Viljoen (2015) in their studies also
identified Z-citral and B-geranial as main compounds of OE-CL, where they have found
values of 33 to 32.9% of Z-citral and 47 and 46.1%, of B-Geranial, respectively, corroborating
our results. Variations in the chemical constituents occur due to several factors: seasonality,
temperature, water availability, among others (Xavier et al., 2016).

The OE-CL trichomonacidal action in different concentrations could be related to the
bioactive compounds of C. flexuosus that have antioxidant and fungicidal activities. One of
the compounds is the citral (Silva et al. (2008; Shukla et al. 2009), that owns its ability to
destroy the cell membrane integrity, releasing the cell compounds of Geotrichum citri-
aurantii (Zhou et al., 2014) through a mechanism of cell membrane damage, compromising
integrity and permeability (Tao et al., 2014).

Other natural compounds were efficient against Trichomonas spp. if compared to MTZ as
presented in our study. Tabari et al. (2017) observed the efficiency of the OE Pelargonium
roseum in pigeons, as on the 6™ day of treatment, trophozoites were not observed. In our
study, the nanoemulsion presented similar results on the 3™ day and the oil on the 4™ day of
treatment. Youssefi et al. (2017) by analyzing the in vitro and in vivo effect of Artemisia
sieberi, have found in the in vivo test that the treatment with OE at a dose of 50 mg/kg after 4
days led to the full recovery of the infected pigeons. The results obtained at the treatment with
C. flexuosus free essential oil, corroborate with this study.

The N-CL used in this study has stability for a period of 90 days under refrigeration, when
compared to the obtained parameters as soon as the preparation. Sonneville-Auburn et al.
(2004), have considered emulsion of an average droplet diameter (Z) less than 300 nm as
nanoemulsion, corroborating our study, in which N-CL had a diameter less than 200 nm.
Minor emulsions diameters are more stable (Mehlhorn et al., 2009). The stability is due to the
use of surfactants in their formulation, increasing the availability and low interfacial tension
penetration (Solans et al., 2005).

The greatest effectiveness (p<0.05) of nanoemulsion is compared to the essential oils in the in
vitro and in vivo tests, could be attributed to the reduction of particle size, increase of
bioavailability of chemical compounds and the surface charge of nanoemulsion droplets
(potential zeta). However, in this study, there was not an electrostatic attraction, because N-
CL has negative charges and the membrane of trophozoites is composed mainly of sialic acid,
which also contributed to the protozoan negative charge (Costa e Souza, 1986). The relevance
of researches with nanostructured systems with bioactives from plants is evident, as seen in
works of Bahamond et al. (2015) and Wen-Chien et al. (2018). When the results of the
standard drug used (MTZ) are compared, it has been different from the one in this study,
which only presented the total elimination of the parasite from the 7th day of treatment. The
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OE-CL transport using N-CL is a new alternative to overcome limitations like hydrophobicity
and volatility, reducing the drugs dose, and increasing the bioavailability and the potential
effects of toxicity (Sun et al., 2012, Salem et al., 2015).

Nair et al. (2016) claimed that the therapeutic efficiency of many compounds, when
associated to the nanotechnology, due to better solubilization, higher bioavailability and
protection of the active principle against the enzymatic and hydrolytic degradation, occur. Our
results showed a higher N-CL efficiency, which could be attributed to a greater penetration of
nanoemulsion in the receptors present in the protozoan membrane, leading to a greater
interaction between them. The higher the concentration of N-CL dose-dependent efficacy
increases, occurring 100% of mortality in the greatest tested concentrations, demonstrating
that the nanoparticles size (200 nm) increases the bioavailability, facilitating the EO activity
(Trados et al. (2004).

In the in vitro test, the OE-CL and N-CL were able to reduce the viability of 7. gallinae. T.
gallinae trophozoites causing the cell death in different concentrations. The use of OE-CL
was more effective against 7. gallinae trophozoites with increasing concentrations of OE-CL
and N-CL in the period of 12 hours, when compared to MTZ that took 24 hours. In the in vivo
test, N-CL and OE-CL were more effective than the drug of choice, being able to eliminate
the protozoan of the treated birds in 3 days for the N-CL use and 4 days for the OE-CL use,
while MTZ only can eliminate the protozoan of all the treated birds after 7 days. The data
obtained in this study introduced lemon grass like a natural anti-trichomonas agent, effective
against trophozoites. The main chemical constituents of lemon grass can be considered like
effective compounds for future researches and development of new anti-7. gallinae agents.

The isolated sample showed 99% similarity to the 7. gallinae strains of Acridotheres tristis,
Iran (KT869157.1), Melopsittacus undulates, Iran (KT869155.1), Columbia livia, China
(MH733817.1), Streptopelia decaocto, Malta (KX844991.1), Columba oenas, Germany
(KX459445.1), Bubo bubo, Spain (KX514378.1), Serinus canaria f. domestica, Slovenia
(KX584000.1) and Aquila pennata, Spain (KP900042.1). On the other hand, the analysis
among Trichomonas species, through ITS-1 rDNA (Figure 1) and SSU rDNA 18S (Figure 2),
Trichomonas gallinae is in sister position of 7. canistomae and T. brixi, both isolate of oral
cavity from dogs and more distant of 7. vaginalis.
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Table 1. Physical-chemical characterization of N-CL

Average droplet Polydispersit Zeta potential pH

y
size (nm) index (mV)

N-CL 98+0.82 0.20+0.007 -7.48+1.02 4.00+0.07

Blank
nanoemulsion 127+1.02 0.254+0.005 - 6.37+0.58 5.15+0.03
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Trichomonas gallinae (KC215387.1) - Patagioenas fasciata monilis - USA
Trichomonas gallinae - Columba livia - Brazil*
ol Trichomonas gallinae (JNO07005.1) - Melopsittacus undulatus - Austria
Trichomonas gallinae (MK172847.1) - Chloris chloris - France
Trichomonas canistomae (AY244652.1) - Canis familiaris - Czech Republic
Trichomonas brixi (KX977517.1) - Canis familiaris - Czech Republic
73 s Trichomonas brixi (KX977518.1) - Canis familiaris - Czech Republic
Trichomonas brixi (KX977519.1) - Canis familiaris - Czech Republic
Trichomonas brixi (KX977520.1) - Canis familiaris - Czech Republic
Trichomonas tenax (KX459465.1) - Columba palumbus - Germany
Trichomonas tenax (KX459467.1) - Columba palumbus - Germany
100 | Trichomonas tenax (KX459501.1) - Streptopelia turtur - ltaly
Trichomonas tenax (KX459504.1) - Streptotelia turtur - Italy
Trichomonas stableri (KC215389.1) - Patagioenas fasciata monilis - USA
Trichomonas vaginalis (JN0O07004.1) - Homo sapiens - United Kingdom
Trichomonas vaginalis (JQ768335.1) - Homo sapiens - Iran
Trichomonas vaginalis (KP987798.1) - Homo sapiens - Turkey
Histomonas meleagridis (KJ863548.1)

0.050

Figure 1. Phylogenetic analysis of the relationship based in ITS-1 rDNA sequences between Trichomonas
gallinae, T. brixi, T. canistomae, T. tenax, T. stableri and T. vaginalis. Maximum likelihood tree (24 sequences
and 336 sites). Bootstrap support (BS) was calculated for each branch using Mega X. Histomonas meleagris was
the outgroup. Star indicates our isolate.
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Figure 2. Phylogenetic analysis of the relationship based in SSU rDNA 18S sequences between Trichomonas
gallinae, T. brixi, T. canistomae, T. tenax, T. stableri and T. vaginalis. Neighbour-Joining tree (24 sequences
and 336 sites). Bootstrap support (BS) was calculated for each branch using Mega X. Histomonas meleagris was
the outgroup. Star indicates our isolate.
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Figure 3. Anti-trichomononas activity in culture medium of the formulations: OE-CL and N-CL their respective
at concentrations of 110 pug/mL to 880 ug/ml, as controls: CN (negative control), MTZ (metronidazole 880
pg/ml), (tween 0.01%) and NB (blank nanoemulsion 880 pg/ml). The analyses were done at 24 hr post-
treatment. The columns indicate the groups and ***indicates the statistical difference when compared to the
MTZ control by Tukey's test (p<0.05).
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Figure 4. Death time of 7. gallinae after treatment with negative control group, blank nanoemulsion control, OE-
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€ ymhopogon flexwosus
120 »
LLLLRE T—h__—____:__—' -
- . —— - .
F \!\ = = = i
£ w0 .‘ n =t Mol infected control
E ' ™ - Infected control
3 0 II“". ) - = Tween0,01%
= v, TN, —s— Hlank manoermilsion 0,88 make
é a0 A\ T - = » =Metronidarole 0,85 mp kg
2 Vo - Wi —s - Fssential oil 055 mgke
20 4 b - . —s = Nanoerulsion oil 0,44 mg/ke
S ~ T - '
- e 1P -
o — - i il
[ 1 F § 4 % [} ¥

Thme of death (dayvs)

Figure 5. Death time of 7. gallinae after treatment with the control groups and treatment groups with the
standard drug, as well as, the OE-CL and N-CL in the period of 0.1. 2. 3. 4. 5. 6. 7 days.



4.3 Artigo 3

Artigo submetido a Revista Parasitology

Anti-Trichomonas gallinae properties of compounds citral and geraniol

Bruna Baccega', Juliana Monteli Fenalti!, Paloma Taborda Birmann®, Alessandra Neis®,
Alexia Brauner de Mello!, Yan Wahast Islabdo', Francielle Liz Monteiro®, Lucielli
Savegnago?, Silvia de Oliveira Hiibner*, Rodrigo de Almeida Vaucher®, Nara Amélia da Rosa

Farias!, Camila Belmonte Oliveira'



94

Anti-Trichomonas gallinae properties of compounds citral and geraniol

Bruna Baccega!, Juliana Monteli Fenalti', Paloma Taborda Birmann?, Alessandra Neis®,
Alexia Brauner de Mello', Yan Wahast Islabdo', Francielle Liz Monteiro*, Lucielli
Savegnago?, Silvia de Oliveira Hiibner*, Rodrigo de Almeida Vaucher®, Nara Amélia da

Rosa Farias', Camila Belmonte Oliveira!

"Laboratério de Parasitologia. Department of Microbiology and Parasitology, Federal
University of Pelotas, Brazil.

2Grupo de Pesquisa em Neurobiotecnologia, Programa de Pos-graduagio em
Biotecnologia, Centro de Desenvolvimento Tecnolégico, UFPel

3Programa de Pés-graduacdio em Biotecnologia, Centro de Desenvolvimento
Tecnologico, UFPel

“Laboratorio de Virologia e Imunologia, Faculdade de Veterinaria, Universidade
Federal de Pelotas, RS, Brazil.

Research Laboratory in Biochemistry and Molecular Biology of Microorganisms

(LaPeBBioM), Federal University of Pelotas, Pelotas



95

Abstract

This study was done to evaluate the in vitro cytotoxicity, antioxidant and antiparasitic
activity of citral (3.7-Dimetil-2.6-octadienal) and of geraniol (trans-3.7-Dimetil-2.6-
octadien-1-ol). In vitro assays were done with 10° parasites and citral and geraniol in
the concentrations of of 10, 20, 30, 40, 50, 60, 70, 80, 90 and 100 uM, and four
controls: CN (culture medium and trophozoites), MTZ (trophozoites plus 100 pM of
metronidazole), TW (trophozoites plus vehicles used for solubilisation of derivatives
(0.01% Tween). Results: The in vitro test showed that the citral (60 pM ) and geraniol
(50 uM) concentrations reduced the trophozoites viability in 100%. Our results showed
that citral MIC (minimal inhibitory concentration) 60 pM and 50 pM inhibit the growth
of T. vaginalis trophozoites in 12 h of exposure. In the cytotoxicity test the citral further
the determination of Reactive Species (ROS) and Thiobarbituric acid reactive species
(TBARS) levels showed that citral and geraniol have an antioxidant. Molecular docking
experiment was demonstrating that there might be a potential for citral and geraniol to
inhibit a hydrogen enzyme crucial for 7. gallinae survival. Conclusion: It is possible to
observe in this study that the majority compounds of the lemongrass have natural

potential antitrichomonal activity against in vitro T. gallinae.

Key words: birds, protozoa, treatment, oils, lemon grass.
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Key Findings

e An analysis of citral activity revealed that MIC was 60 uM and IC50 was 30 pM,
inhibiting the completion of trophozoite growth by the compound in 12 hours of
incubation.

e For geraniol there was efficacy from the MIC concentration of 50 uM and the
IC50 was 30 uM, after 24 h of incubation from the concentration.

e Data analysis demonstrated that immediately after of exposure to treatments
with citral and geraniol oil (60 uM and 50 uM) induced the lipid peroxidation
levels when compared to the negative control group.

e Te results also showed that immediately and 24 h after of exposure to treatment
with citral oil (60 pM) were unable to significantly change in RS levels when
compared to the negative control group.

e In addition the results demonstrated that the immediately after of exposure to
treatment with geraniol oil (50 pM) was significantly change in RS levels when
compared to the negative control group.

e C(itral and geraniol and Fe-hydrogenase interacted through hydrophobic and / or
hydrogen interactions. Both can bind and interfere, to a certain extent, in the
activity of Fe-hydrogenase. Demonstrating that there may be a potential for
geraniol and citral to inhibit a hydrogenosomal enzyme crucial for the survival

of T. gallinae.

Introduction
Avian trichomoniasis 1s an important disease causing bird mortality, both wild and
captive, around the world (Stabler, 1954; Amin et al., 2014). Its transmission occurs

directly during courtship, feeding of chicks and/or by predation by birds of prey
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(Nematollahi et al., 2012), being transmitted mainly by pigeons (Columba livia) to other
bird species (Columbiformes, Falconiformes, Passeriformes) (Girard et al., 2017).

In the upper digestive tract, present in yellowish caseous lesions in the upper digestive
region, particularly in the mouth, esophagus and harvest of infected birds, leading to
anorexia, weight loss and asphyxia. Birds are characterized mainly by caseous masses
and ulceration in the oral cavity and other parts of the upper digestive tract, what can
affect feed and can even cause hunger or suffocation (Amin et al., 2014). It can present
in acute or chronic subclinical form, depending on the host species, pathogenicity of the
strain, immunological status (Bunbury et al., 2008; Robinson et al., 2010; Marx et al.,
2017).

Studies have shown that lemongrass oil and citral have several biological activities,
such as antineoplastic, antimicrobial, antifungal, antiprotozoal, anthelmintic and anti-
arthropod activities (Satthanakul et al., 2015; Giteru et al., 2015; Gao et al., 2020; Plata-
Rueda et al.,2020). Lemongrass oil contains mainly citral (Tajidin et al., 2012), a natural
combination of two isomeric aldehydes, that is, the geranial isomers (a-citral) and neral
(B-citral) (Pengelly, 2004). Geraniol is an acyclic alcohol, with a floral odor, which
appears as a yellowish oily liquid (Liu et al., 2016). In addition to its use in fragrances,
it has several biological activities, such as antiseptic, anthelmintic, antioxidant, anti-
inflammatory, antifungal (Herro, 2004; Ibrahim et al., 2015; Wang et al., 2016; Leite et
al., 2015). In this context, the identification of new safer and more efficient therapeutic
agents with antiparasitic action is desirable, so that the considered plants are viable
alternatives. The aim of this study was to evaluate the cytotoxicity, antioxidant and
antiparasitic activity of in vitro citral (3.7-Dimethyl-2.6-octadienal) and geraniol (trans-

3.7-Dimethyl-2.6-octadien-1-o0l) and against trophozoites from Trichomonas gallinae.
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Materials and methods
Reagents
Citral, geraniol, DMSO, MTZ and TYM (Tripticase Yeast Extract Maltose) was

commercially acquired from Sigma-Aldrich®.

Trichomonas gallinae

Samples of T. gallinae were recovered by the wet mount method of naturally infected
pigeons. Twelve native pigeons (C. livia) (2 to 8 weeks old) were captured in urban
areas using swabs, samples were taken from the oral cavity, and from membranous
lesions of the oropharyngeal region these birds. The culture of the parasite was prepared
by immersion of oral swabs in tryptone/ yeast extract/maltose medium (TYM)
(Diamond, 1957) supplemented with 10% adult fetal serum, antibiotic (meropenem),
antifungal (amphotericin B) (Sigma-Aldrich®) and incubated at 37°C (Sansano et al.,
2009).

The cultures were then examined under an optical microscope at (100 and 400x) for
mobile trophozoites observation.

Cultures were observed over seven consecutive days to verify the growth of
trophozoites. At every 48 hr, trophozoites that had more than 95% mobility and normal

morphology, were subculture (Seddiek et al., 2014).

In vitro assay

To examine the susceptibility of 7. gallinae to citral and geraniol, sterile 96-well plates
were used for incubation with different concentrations.

The parasites were seeded at an initial density of 10° trophozoites/mL of TYM and

incubated with the citral and geraniol. Three controls were considered: A (trophozoites
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only), B (trophozoites plus the vehicle wused for solubilization of the derivatives
(DMSO), C (trophozoites plus 100 uM metronidazole (MTZ), as positive control).
Citral and geraniol were added to the wells to obtain final concentrations of 10, 20,
30, 40, 50, 60, 70, 80, 90 and 100 puM, respectively.  Subsequently, to generate
anaerobic conditions, the microculture plates were incubated at 37°C  with 5% CO2 for
24 h. After this period, a preparation with trophozoites, containing trypan blue (0.4%)
(1:1), was evaluated in Neubauer chamber. Cultures with viability equal to or greater
than 95% were used for assays, having considered motility, morphology and exclusion
by dye.

The IC50 (half the maximal inhibitory concentration) was determined for the citral and
geraniol. A kinetic growth curve was constructed to obtain the profile of comparable
activity of citral and geraniol compounds against 7. gallinae trophozoites.

Only the concentrations of citral and geraniol that showed a reduction in the viability of
the trophozoites to 100%, were used to determine the MIC (minimum inhibitory
concentration). The trophozoites used to establish MIC and below and above
concentrations, as well as inoculated controls in fresh TYM medium at 37°C, were
counted in Neubauer chamber with trypan blue every 24 hr for 96 hr to confirm MIC.
The best concentration, presented after MIC citral analysis and geraniol, was conduted
at the following times: 1, 6, 12, 24, 48, 72 and 96 hr by the dye exclusion method. The
IC50 was determined at varying concentrations, as described in the MIC method. A
death time curve was constructed to obtain an activity profile of the efficiency of the
citral and geraniol against 7. gallinae flagellate trophozoites. All assays were performed

independently in nonoplicate (Sena- Lopes et al., 2017).

Cytotoxicity
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The cytotoxic effect of citral and geraniol was assessed on Vero cells (1.8 x 106
cells/plate) by MTT assay, according to methodology described by Mosmann (1983)
with minor modifications. Briefly, 100 ul of cells were seeded in 96-well polystyrene
plates and 24h later were added of different Citral and geraniol concentrations (100uM,
80uM, 60uM, 40uM, 20uM, 10uM). After 14 h of incubation, an MTT (Sigma-Aldrich,
St. Louis, MO) solution (5mg/mL) was added in all wells and the plates were incubated
for 4 h until violet color development. The supernatant was replaced by 200 ul of
dimethyl sulfoxide (DMSO). The optical density was determined by spectrophotometry
(550 nm) and the results were expressed in percentage of viable cells relative to cell

control (untreated).

Reactive species (RS) and Thiobarbituric acid reative species (TBARS) assay

This assay was used to quantify the levels of RS using 2’-7’-dichlorofluorescein
diacetate (DCHF-DA) (Loetchutinat et al., 2005). The 7. gallinae control and treatment
groups were incubated with 1 mM dichloro-dihydro-fluorescein diacetate (DCHF-DA)
and 10 mM Tris-HCl pH 7.4. The oxidation of DCFH-DA to the fluorescent
dichlorofluorescein (DCF) was measured for the detection of intracellular RS. The DCF
fluorescence intensity emission was recorded at 520 nm (with 480 nm excitation). The
values were expressed as units (U) of fluorescence.

Assay evaluated the levels of lipid peroxidation, as described by Ohkawa et al. 1979
with modifications. An aliquot of the 7. gallinae control and treatment groups were
incubated wi’ hth 8.1% sodium dodecyl sulfate (SDS), 0.8% TBA, and acetic acid/HCI
(pH 3.4) at 95 °C during 60 min. The levels of TBARS were measured
spectrophotometrically at 532 nm, and the results were expressed as nmol MDA/10°

trophozoites.
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Structure modeling

We were able to retrieve the amino acid sequence of Iron dehydrogenase from NCBI
protein database (https://www.ncbi.nlm.nih.gov/protein/) under the accession number
ARWS59279, which corresponds to UNIPROT ID A0A220DJRO. Using the BLASTp
(Altshul, 1990) global search in the nr database or restricted to 7. gallinae, we assessed
differences between the deposited sequences. The tridimensional structure was modeled
through I-TASSER (Yang, 2015), which also provided the probable ligand binding sites
through the COACH module (Jianyi, 2013). After model refinement made by
Modrefiner (Dong, 2011), we generated a Ramachandran plot to evaluate the model

quality in the module ProCheck (Laskwoski, 1993) at PDBSum (Laskowski, 2018).

Molecular docking

The ligands citral and geraniol were retrieved from PubChem database (Kim, 2019).
Both ligand and the refined model of Fe-hydrogenase were prepared for docking using
MGLTools package (AutoDock Tools) to add polar hydrogens, compute Gasteiger
charges, and select the residues from the binding sites to generate the grid box. The
docking was performed in Autodock Vina (Trott, 2010). Visualization of the docked
proteins was made using PyMOL Molecular Graphics System (Version 2.4
Schrodinger, LLC), and the webserver PLIP (Salentin, 2015) was used to evaluate

ligand interactions.

Statistical analysis
Statistical analysis was carried out by one-way ANOVA of variance followed by the
Newman-Keuls post hoc test. Descriptive statistics data were expressed as mean =+

S.E.M. Probability values less than 0.05 (p < 0.05) were considered statically
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significant. The statistical analysis was accomplished using GraphPad Prism version 8.0

for Windows, Graph Pad Software (San Diego, CA, USA).

Results

In vitro asssay

The results of the in vitro study on the inhibiting effect of citral and geraniol compounds
on 7. gallinae and the comparison of this activity with the drug metronidazole are in
Figure 1. Analysis of anti-7. gallinae from citral showed that at concentrations of 10,
20, 30, 40 and 50 pM there was no total reduction of trophozoites (76.25%, 53.10%,
38.63%, 32.55%, and 26.49%, respectively). This compound was 100% effective after
24h of incubation at concentrations of 10, 20, 30, 40, 50, 60, 70, 80, 90 and 100 uM, as
the trophozoites became unfeasible and the total reduction in the culture medium
occurred. Geraniol was effective from the concentration of 50,60, 70, 80, 90 and 100
UM, showing no statistically significant difference from the standard metronidazole
medication when compared and used in the therapeutic dose (100 uM). The MIC was
60 uM and the IC50 was 30 uM, respectively (Fig.1). The growth of trophozoites was
completely inhibited by the compound within 12 hours of incubation (Fig.2). The MIC
was 50 uM and the IC50 was 30 uM, respectively (Fig.1). For use with treatment with
geraniol, it made the trophozoites unfeasible after 24 h of incubation from a
concentration of 50 puM, the MIC was 0.075 pg/mL and the IC50 was 30 uM,
respectively (Fig. 1). For the death curve, the trophozoites only obtained 100%
trophozoites inactivation at the MIC concentration after 24 hours. Although citral
showed antiprotozoal activity as observed in the experiment, a significant decrease in
VERO cell proliferation was detected after 24 hours. As noted, the number of viable

cells for concentrations is of 10 to 100 uM, respectively. By performing the assay, it can
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be observed that geraniol showed protozoan activity, as well as not causing effects and
damage to VERO cells in 24 hours of time-dependent dose-treatment, compared to the
control proliferation (100%). Data analysis demonstrated immediately after exposure to
treatments with citral and geraniol oil (60 and 50 uM) induced the lipid peroxidation
levels when compared to the negative control group (P < 0.001) [Fig. 3A]. The results
demonstrated that after 24 h of exposure to both treatments decreased the lipid
peroxidation levels when compared to the negative control group (P < 0.05) [Fig.3C].
The results also showed that immediately and 24 h after exposure to treatment with
citral oil (60 uM) were unable to significantly change in RS levels when compared to
the negative control group (P < 0,5) [Fig. 4A and 4C]. In addition, the results
demonstrated that the immediately after exposure to treatment with geraniol oil (50 pM)
was significantly change in RS levels when compared to the negative control group (P <
0.05) [Fig. 4B]. But not significantly change in RS levels when compared to the
negative control group after 24 h after exposure to treatment with geraniol oil (50 pM)
[Fig. 4D].

The results also showed that after 24 hours the exposure to treatment with citral oil (60
puM) was not able to significantly change the RS levels when compared to the negative

control group (P <0.5) [Fig. 4A and 4C].

Structure modeling

The sequence analysis of BLASTp results restricted to 7. gallinae showed great
sequence homology, with a minimum of 92% similarity between those described as
“Fe-hydrogenase”. The global search (nr database) demonstrated it had 94% similarity
with 7. vaginalis. After refinement, an improvement in sequence quality was visible,

due to the increased number of residues in allowed positions - good quality models



104

would be expected to have over 90% amino acids in the most favored regions (Table 1,
Supplementary materials 1 and 2). Root mean square deviation (RMSD) of 0.682 shows
some variation compared to the initial model, demonstrating that structural changes
occurred during the refinement — the higher the numbers for RMSD, the smaller
similarity. The TM-score is a completer and more sensitive metric to measure the global
topological similarity between two structures, and the value of 1 represents a perfect
match; as we obtained a value of 0.9915, it also proves that additional changes were

required during model refining.

Molecular docking

After the ligand and protein preparation, we then assessed each of the predicted binding
sites from COACH in our docking analysis (Table 2, Figure 1). The overall best
energies were moderate, and site 3 presented energies not high enough to infer that the
docking is reliable. The other results indicate that a probable interaction between Fe-
hydrogenase and the natural oils may occur (Table 3).

We also consider ligand conformational integrity (Figures 2 and 3) and the residues
involved in interactions with the enzyme (Table 4) to analyze the docking quality. The
oils and Fe-hydrogenase interacted via hydrophobic and/or hydrogen interactions. It is
important to note that not only the binding affinity is considered for a good docking —
the ligand conformation and correct positioning in the binding site are also of crucial
importance. To determine the most reliable results apart from the binding energy, we
selected the poses that presented hydrophobic and/or hydrogen bonding with at least 2
residues from the COACH prediction to analyze via PLIP (Table 4). The best-predicted
sites were 1 and 2 for citral, once the residues were bound to the correspondent amino

acids of the ligand sites; in the latter, the ligand was internally bound. Binding sites 1



105

and 3 were the best suited for geraniol, considering the same criteria of citral. Binding
sites 2 and 5 were only bound only to one residue predicted by COACH and were not

considered as a suitable result.

Discussion

Several drugs have already been tested against trichomoniasis in pigeons (Aydin &
Coskun 2000; El-Sayed, 2005). However, there is no specific drug for the treatment of
this disease in birds, so metronidazole has been used, a drug for human use for the
treatment, which was adapted for use in birds, due to the lack of development of a new
antitrichomonal drug (Franssen & Lumeij 1992). In this context, several synthetic
compounds demonstrated activity against 7. gallinae, as well as a low toxicity to the
host and can be good alternatives to nitroimidazoles, when there is resistance to these
drugs (Forrester & Foster, 2009).

In this study, the treatment with citral and geraniol compounds at the highest
concentrations reduced the viable trophozoites in the culture medium by 100% after 24
hours, corroborating the data by Youssefi et al. (2017), Tabari et al. (2017), Baccega et
al. (2021) who used essential oils in their studies, demonstrating the antitrichomonal
effects against 7. gallinae trophozoites in the in vitro assay. The mechanism of action
responsible for the antiprotozoal activity of citral and geraniol in the study is still
unexplained. It can probably be explained by the ability of this compound to promote
damage to the cell membrane, alternate the integrity and permeability of it, as observed
in other studies (Onawunmi , et al., 1984, Park et al., 2006, Mesa-Arango et al., 2009,
Zhou et al., 2014). Raut and Karuppayil (2014) report that essential oils are lipophilic.
This contributes to greater penetration into the cell membrane of the protozoan,
interacting with polysaccharides, fatty acids and phospholipids, being the first

mechanism of action, causing cell death due to loss of ions and cell content.
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About the inhibitory effects of citral, they have been observed in vitro against
Trypanosoma cruzi, reducing the epimastigote and trypomastigote forms, acting in the
process of differentiation of protozoa. The same antiprotozoal activity has been detected
by Santin et al. (2009) against promastigotes, axenic amastigotes and intracellular
amastigote forms of Leishmania amazonensis. Corroborating the data presented in this
study, which may be responsible for changes in the morphology of the protozoan,
causing the rupture of the plasma membrane, interfering with the cell division process
and promoting the disintegration of the parasite. Zhou et al. (2014) observed that
volatile compounds induced a decrease in the total lipid content of G. citri-aurantii
cells, indicating the destruction of cell membrane structures. These results suggest that
the antifungal activity of citral may be assigned to disruption of cell membrane integrity
and leakage of cell components. Geraniol has reports of activities against fungi,
Candida albicans and Saccharomyces cerevisiae (Maruyama et al., 2008), the nematode
Caenorhabditis elegans (Kumaran et al.,, 2003) and the bacteria Salmonella
typhimurium (Kim et al., 2006; Morales et al., 2009). Bakkali et al., 2008 suggest that
the mechanism of action of geraniol is associated with its lipophilic properties. It can
preferentially influence the membrane structures or the synthesis of these structures,
changing the permeability and fluidity of the membrane. Pereira et al., 2015 report that,
in addition to its lipophilic characteristic, it has a chemical structure very similar to
geranyl-pyrophosphate, a sterol found in cell membranes and functions as an important
regulator of membrane fluidity. This similarity suggests that the action of geraniol is
associated with the inhibition of enzymes involved in the ergosterol biosynthesis
process, thus causing dynamic alterations in the cell membrane of microorganisms.

To investigate a possible mechanism of action of the activity against citral and geraniol

pathogens, we evaluated their pro-oxidant or antioxidant capabilities in the reactive
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species assay and in the TBARS assay. Cell damage caused by free radicals is linked to
lipid oxidation of cell membranes, leading to loss of fluidity and increased membrane
permeability, with release of nutrients and toxic substances to the cell in the
extracellular space, and even its rupture (Ferreira & Matsubara, 1997; Damasceno et al.,
2002). Thiobarbituric acid reactive substances (TBARS) are one of the main biological
markers of this type of damage to cell membranes (Draper & Hadley, 1990). Our results
demonstrate that the treatment of 7. gallinae cells with citral and geraniol at time 0
increased the levels of reactive species (Figure 4), and consequently increased lipid
peroxidation (Figure 3) when compared to the control group from these results. We
believe that the cytotoxicity of citral to 7. gallinae cells was due to its pro-oxidant
effect, since polyunsaturated fatty acids in cell membranes are degraded by lipid
peroxidation, with subsequent change in membrane integrity, suggesting that
peroxidation lipid, mediated by reactive species, is an important cause of cell damage,
which can lead to cell death. Our data corroborate the findings by Sanches et al. (2017)
who demonstrated that citral increased MDA levels, suggesting that the induction of
oxidative stress is related to citral cytotoxicity to B16F10 cells. Interestingly, 24 hours
after exposure of 7. gallinae cells to citral, there was a decrease in lipid peroxidation
(Figure 3) when compared to the control group, demonstrating that the pro or
antioxidant effect of citral may be time dependent. For this, we believe that there is the
involvement of antioxidant enzymes, such as catalase, glutathione peroxidase and
superoxide dismutase, and therefore, it would be necessary to analyse the activity of
these enzymes to better aggregate our results, which is a limitation of our studies.
Sacchetti et al. (2005) also evaluated the antioxidant effect of citral; they suggest that

more than 60% of the antioxidant activity for the lemongrass essential oil, which had a
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content of 73.58% of citral in its composition, has the capacity to neutralize free
radicals.

It is believed that the antioxidant activity of geraniol continued to increase reactive
species within 24 hours, as it is considered an allylic alcohol, that is, the second class of
oxygenated monoterpenes, which make up essential oils, being more active in terms of
antioxidant activity, differentiating from data found by Scherer et al. (2009). They
observed that citronella oil did not present antioxidant activity, having as major
components citronellal (45%), geraniol (20.71%) and citronellol (14.49%). MTT cell
viability showed that citral reduced VERO cell growth in a dose and time dependent
manner. Souza et al (2020) reported cytotoxic and genotoxic effects exhibited by citral
at 05 pg /mL on human hematopoietic culture cells and leukocytes, showing a
significant decrease in cell viability, corroborating our study. For geraniol, the assay by
the (MTT) method indicated that cell viability remained above 100%, demonstrating
that it did not show cytotoxicity at the tested concentrations. Sinha et al. (2014)
evaluated the cytotoxic potential of six concentrations of geraniol (100-2000 pg / mL)
in human lymphocytes; both of the tested concentrations were cytotoxic which differs
from our study. This difference is possible to be related to the difference in time and
concentration of exposure to geraniol, while we used 24 h, Sinha et al. (2014) treated
the cells for 3 h.

Our docking results indicate that there might be an interaction with Fe-hydrogenase and
natural oils are emerging as an invaluable source of antiparasitic compounds. Other
reports also performed molecular docking analysis with relevant proteins for 7.
vaginalis metabolism (Setzer 2017; Alves, 2020) and present very interesting results,

although none with essential oils or Fe-hydrogenase. The only sequence we were able to
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retrieve and model was Fe-hydrogenase. Then, this is the first report to model and
analyze the interaction of essential oils with a hydrogenosome enzyme from 7. gallinae.
Using the same method as ours, other studies evaluated the inhibitory potential of these
essential oils, but none with 7. gallinae or related organisms. The effect of geraniol in
CaCdrlp efflux pumps in Candida albicans was tested in silico and revealed strong
binding energy of -8.8 kcal/mol; further in vitro testing proved geraniol did inhibit
Candida virulence factors (Singh, 2018). Citral also presented inhibitory activity against
MARK4 protein, which disruption is associated with the occurrence of cancer (Naz,
2017). The authors found the binding energy of -5.6 kcal/mol and that the oil was
placed in the same site as a MARK4 known inhibitor. Ultimately, citral efficiently
inhibited cancer cell lines. We did not have any molecule to compare with, as there is
none available in RCSB PDB, and sequence retrieving was also hampered by the lack of
an annotated genome for 7. gallinae. We support the idea that a relatively low binding
energy does not necessarily imply in lack of function, and these oils potentially interfere
in the Fe-hydrogenase activity, although all in silico analysis should be tested in vitro.

One study analyzed the antiparasitic potential of another natural oil — resveratrol -
against T. vaginalis (Mallo, 2013). Although the hydrogenosome activity was increased
after resveratrol administration, Fe-hydrogenase activity decreased, indicating the same
effect caused by the most used drug for trichomoniasis (metronidazole). The H:
inhibition is a known effect of metronidazole that competes for electrons, but this
competition ability is not described for resveratrol. The authors then infer that
resveratrol would act primarily inhibiting Fe-hydrogenase enzyme and the Iron
transportation. This could be a reason for our results do not present a high negative
value, although the different chemical characteristics of geraniol and citral compared to

resveratrol: event though these oils do not strongly bind to Fe-hydrogenase, their main
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role could be interfering in the iron transportation and thus causing 7. gallinae

metabolic disruption.
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Figure 1- Anti-Trichomonas activity in culture medium of the formulation of the major

compounds (citral and geraniol) at concentrations from 10 to 100 uM, as controls: NC

(negative control), MTZ (metronidazole 100 pM), DMSO (diluent 0.6%). The analyses
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were evaluated 24 hours after treatment. The columns indicate the groups and * indicate
the statistical difference when compared to the MTZ control by the Tukey test (P

<0.05).
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Figure 2- Time of death of Trichomonas gallinae after treatment with the control
groups, treatment groups with the standard drug, as well as citral and geraniol in the

period of 1, 6, 12, 24, 48, 72 and 96 h.
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Figure 3- Lipid peroxidation levels immediately of exposure to citral (60 uM) (A), and
to geraniol (50 uM) (C), and after 24 h of exposure to citral (60 uM) (B) and geraniol
(50 uM) (D). Nos graficos também estdo expressos os grupos, Control (untreated
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mean = SEM (n= 3-4). * P < 0.05 and *** P < 0.001 when compared with control

group.
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Table 1. Best docking results according to PLIP analysis of the residues involved in

hydrophobic and hydrogen bonding.

Binding site Residues Ligand pose Molecule (kAc g{l/nnlqtgl)
1 177,215,272, 366 6 Citral -4.1
247,248,366 5 Geraniol -4.1
2 94,95,98,123,148,151 1 Citral -5.4
3 44,57,58 4 Citral -4.2
44,58 1 Geraniol -4.6
4 293,321 9 Citral -3.3
321,322 5 Geraniol -3.7
5 107,137,141 7 Citral -4.5

Table 2. Predicted binding sites for ligands in COACH server and those described in
UNIPROT, ranked by best prediction.

Rank Predicted binding sites
1 177-179,215,219,247,248,272,273,301-306,
366
2 93-99,123,146-148,150,151
3 42-46,49,51,52,55,57,58,92,148,149
4 170,281,293,295,321,322,325
5 86,103,107,109,111,112,131,136-142

Table 3. Ligand binding affinity (kcal/mol) of the best results (pose 1) of different
binding sites tested with Autodock Vina.

Ligand Site1 Site2 Site3 Site4 Site 5
Citral -5.1 -5.4 -4.6 -3.9 -5.2
Geraniol -5.1 -4.8 -4.6 -3.9 -4.6

Table 4. Best docking results according to PLIP analysis of the residues involved in
hydrophobic and hydrogen bonding.

Binding site Residues Ligand pose Molecule (léz gl/nnlqtgl)
1 177,215,272, 366 6 Citral -4.1
247,248,366 5 Geraniol -4.1
2 94,95,98,123,148,151 1 Citral -5.4
3 44,57,58 4 Citral -4.2
44,58 1 Geraniol -4.6
4 293,321 9 Citral -3.3
321,322 5 Geraniol -3.7
5 107,137,141 7 Citral -4.5
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RESUMO

A tricomoniase avidria afeta principalmente o trato digestivo superior das aves,
causada pelo protozodrio flagelado Trichomonas gallinae. O presente estudo foi
desenvolvido para avaliar o efeito do tratamento com 6leo essencial e nanoemulsdo de
Cymbopogon flexuosus nos parametros bioquimicos e histoldégicos em codornas
infectadas experimentalmente com Trichomonas gallinae. As aves foram divididas em
grupos (n=5), controle ndo infectado, controle infectado, controle de Tween (0,01%),
nanoemulsdo branca (0,88mg / kg), metronidazol (25 mg / kg), dleo essencial de capim-

limao (OE-CL a 0,55 mg / kg) e nanoemulsdo de capim-limao (N-CL a 0,44 mg /
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kg).Para isso, as aves foram tratadas por sete dias com o6leo essencial e nanoemulsao.
No teste com o soro para a determinacdo dos niveis de Espécies Reativas (ROS) e
Espécies Reativas do Acido Tiobarbiturico (TBARS) e Superdxido dismutase (SOD)
mostrou que Oleo e a nanoemulsdo possuem atividade antioxidante. Nao foram
observadas alteragdes microscopias na cavidade oral, figado e rins, porém, apresentaram
lesdes no esdfago. Os dados do presente estudo introduziram C. flexuosus como um

potente agente anti-trichomonal natural e eficaz contra 7. gallinae.

Keywords: phytotherapy, birds, lemongrass, antioxidant

INTRODUCAO

O cranco ¢ uma doenga causada pelo protozoario Trichomonas gallinae, parasito
que infecta boca, papo, esdfago e faringe de aves selvagens e domésticas, provocando
erosoes e lesdes necroticas em 6rgaos internos, como figado, pulmdes e sacos aéreos
(STABLER, 1954; AMIN et al., 2014; GRUNENWALD et al., 2018). A alimentagao ¢
a principal via de transmissdo entre os passaros, levando a sinais clinicos de engasgo,
regurgitacdo, vomito, diarreia, ptialismo e morte (STABLER, 1954; AMIN et al., 2014).
Infecgdes assintomaticas também sdo comuns. A gravidade da infec¢ao estd relacionada
a viruléncia da cepa (Girard et al., 2014).

O tratamento de tricomoniase, nas ultimas décadas, envolve 5'- nitroimidazoles,
por exemplo, metronidazol, tinidazol, ornidazole nimorazole. A toxicidade induzida
pelo tratamento de 5-nitroimidazois ¢ um problema a ser minimizado para garantir a
observancia do paciente e assegurar o controle adequado da doenga (HUSSEIN et al.,
2011). Metronidazol (MTZ) ¢ altamente recomendado para curar a doenga (AYDIN et
al., 2000; SEDDIEK et al., 2012). A resisténcia ao MTZ estd bem documentada e os
mecanismos envolvidos em suas atividades foram definidos com precisao (UPCROFT
& UPCROFT, 2001). Existem alguns efeitos colaterais relacionados a ingestdo de
MTZ, como neutropenia transitoria, nduseas, cancer e neuropatia periférica
(KUROHARA et al., 1991; SOBEL et al., 1999). Estes efeitos podem estar relacionados
a formagao de radicais livres e causar a toxicidade deste grupo de farmacos (MORENO

etal., 1982).
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O aumento da producao de radicais livres esta ligado muitas vezes a utilizagado
de substincias quimicas reativas que podem causar danos celulares aos organismos
vivos. Em condigdes fisioldgicas normais, hd um equilibrio critico na geracdo de
radicais livres e sistemas de defesa antioxidante contra a lesdo de radicais livres (POLI,
1993; RAMAKRISHNA & JAILKHANI, 2007). O desequilibrio entre a producao de
radicais livres e defesa antioxidante cria uma condi¢cdo conhecida como estresse
oxidativo. Observagdes clinicas e evidéncias experimentais sugerem que o estresse
oxidativo desempenha um papel dominante papel na defesa do hospedeiro contra
infec¢des parasitarias (SCHIRMER et al., 1987).

A aspartato aminotransferase (AST) ¢ uma enzima da mitocondria e o citosol da
maioria das células (hepaticas, musculares, renais, neuronais, eritrocitos, esplénicas,
intestinais ¢ pulmonares). A GGT (gama glutamiltransferase) ¢ enzima de membrana
associada a varios tecidos. Atividade sérica ou plasmatica elevada ocorre por meio do
aumento de producdo e de liberagdo pelo tecido hepatobiliar (CAMPBELL, 2004). A
histopatologia ¢ uma ferramenta importante na identificacdo das lesdes causados pelo
protozoario. Porém, muitas vezes, a infecg¢do parasitaria ¢ julgada como algo incidental,
uma vez que os agentes sdo considerados como de pouco potencial patogénico
(SANTOS et al., 2015).

O presente estudo tem como objetivo avaliar o efeito do tratamento do 6leo
essencial e nanoemulsdo de capim-limdo (Cymbopogon flexuosus) em codornas
(Coturnix coturnix japonica) positivas para 7. gallinae, sobre os parametros de estresse

oxidativo, bioquimicos e histoldgicos

MATERIAL E METODOS

Animais

Para esse estudo foram utilizadas codornas (Coturnix coturnix japonica), com 6
semanas de idade, e peso médio de 115 gramas. Os animais inicialmente passaram por
um periodo de adaptacao de 15 dias, esses foram alocados em gaiolas especificas para a
espécie, separadas e alimentadas com ragdo (100 a 120 gramas / ave / dia) e agua.
Posteriormente os animais foram divididos em sete grupos com cinco animais cada,
mantidos em um ciclo claro / escuro de 12/12h em ambiente climatizado e com

temperatura constante (22 + 1°C). Grupo A (controle - ndo infectado), B (controle -
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infectado), C (controle TW 0,01%), D (NB 0,88mg / kg), E (MTZ 25 mg / kg, F (OE-
CL a 0,55 mg / kg) e G (N-CL a 0,44 mg / kg). Os tratamentos foram administrados por
via oral (gavagem) uma vez ao dia, durante 7 dias consecutivos (YOUSSEFTI et al.,
2017).

Os grupos dos animais foram dividivos em sete grupos (n=5).A partir do sétimo
dia ap6s a infeccdo, foram observados trofozoitos nas aves. Estes foram examinados
diariamente, durante 15 dias, pelo método de montagem umida e observados ao
microscOpio Optico, para confirmagdo da infeccao. O peso corporal das codornas foi
avaliado no inicio e no final do experimento. As codornas foram submetidas a eutanasia
imediatamente apds sete dias de tratamento, onde foram colhidas amostras de sangue
via cardiaca, e os outros materiais.

O experimento foi conduzido de acordo com as diretrizes do Comité de Etica e

Experimentacao Animal da institui¢do, sob protocolo nimero 23110.012860 / 2018-81.

Analises bioquimicas

As amostras foram coletadas em tubo sem anticoagulante contendo gel
separador, as amostras foram centrifugadas a x RPM por x minutos. Posteriormente o
soro foi acondicionado em microtubos para analise.

Para a determinacdao da ureia e creatinina em soro, utilizou-se o ensaio de
creatinina cinética, foi empregado a metodologia descrita por Jaffe (1886), adaptada ao
sistema automatizado Cobas Mira® (Roche Diagnostics, Suiga). Utilizou-se o Kit
Comercial da Wiener Lab ® e Labtest ®. Para o ensaio de Aspartato Aminotransferase
(AST), empregou-se a metodologia descrita por Karmen (1955), e para a determinagao
da ALT Alanina Aminotransferase (ALT), foi utilizado a metodologia de Karmen
(1955). Para a determinacdo dos niveis séricos Gama Glutamil Transferase (GGT)
utilizou-se a metodologia de Szasz (1969) modificada. Para ambos os testes
(AST/ALT) utilizou-se o Kit Comercial da Labtest ® e adaptada ao sistema
automatizado Cobas Mira® (Roche Diagnostics, Suiga). Todos os resultados dos testes

foram expressos em p/l.

Determinacio de parametros de estresse oxidativo através de soro e tecidos

Formaciao de espécies reativas ao acido tiobarbiturico (TBARS)
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A medida da peroxidacao lipidica foi determinada por TBARS de acordo com o
protocolo descrito por Esterbauer e Cheeseman (1990). Resumidamente, os
homogenados foram misturados com 4acido tricloroacético 10% e éacido tiobarbiturico
0,67% e aquecidos em banho-maria por 25 min. TBARS foi determinado pela
absorbancia a 535 nm. Os resultados foram relatados como nmol de TBARS por mg de

proteina.

Ensaio de superoxido dismutase (SOD)

A atividade total de SOD foi medida usando o método descrito por Misra e
Fridovich (1972). Este método ¢ baseado na inibi¢do da auto-oxidacdo da adrenalina
dependente de superoxido em um espectrofotometro ajustado a 480 nm. A atividade

especifica da SOD foi relatada em unidades por mg de proteina.

Ensaio de espécies reativas de oxigénio (ROS)

A oxidagao de DCFH-DA a 2 ', 7'-diclorofluoresceina (DCF) fluorescente foi
medida para detectar espécies reativas de oxigénio intracelular. A intensidade de
fluorescéncia de DCF foi registrada usando excitagdo a 488 nm e emissao a 525 nm 30
min apo6s a adicdo de DCFH-DA ao meio. A formagdo de ROS foi determinada de
acordo com Ali et al. (1992) com algumas modificagdes e foi expresso como pumol DCF

/ mg de proteina.

Analise histologica

Fragmentos da cavidade oral, es6fago, figado e rins foram coletados e fixados
por imersdo em solucdo de formalina 10% tamponada. Os mesmos foram processados
rotineiramente, embebidos em parafina, cortados em sec¢des de 3-4um, corados com

hematoxilina-eosina (HE) e examinados ao microscépio optico.

Analise estatistica

A analise estatistica foi realizada por meio de andlise de varidncia univariada
(ANOVA) com valor de probabilidade p < 0,05, seguida do Teste de Tukey (GraphPad
Prism 8.0 Software).

RESULTADOS
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E os resultados da avaliacdo do T. gallinae? O 6leo e a nano funcionou in vivo?

E o peso? Animais ganharam ou perderam peso entre os grupos?

Os resultados das analises bioquimicos em aves tratadas com o 6leo essencial e a

nanoemulsdao de Cymbopogon flexuosus sobre T. gallinae ¢ a comparagdo dessa

atividade com o fAirmaco metronidazol podem ser observados na tabela 1.

Table I- Parametros bioquimicos apos tratamento de Coturnix coturnix com odleo essencial livre e

nanoestruturado de Cymbopogon flexuosus (média + SD)

GRUPOS URE CREA ALT AST GGT
Controle nao 13,2 £3,83 0,86 £ 0,03 2+0 8+0 15,5+ 13,08
infectado
Controle infectado 14,6 = 4,92 0,20 + 0,09 1,6 0,54  4,2+1,09* 30£0
Tween 6,8+2,16 0,68+0,60 28+204 84+0,54* 14,4+ 12,07
Metronidazol 12+2,16 0,68+0,14 1,04+£0,54 9,6+0,54* 12,6 £4,92
Nanoemulsao 6,8 + 1,30 1,04 +0,56* 0,6+0,54  7,6+0,89* 10,8 £ 0,83
branca
Oleo essencial 9,6£1,51 0,77£0,59  2,8+1,095 4,6+2,19% 20,4+ 15,27
Nanoemulsao 8,2+4,14 0,71+£0,05 10,6+3,20% 94+1,14* 13,2 £ 12,65

*diferenca estatistica quando comparado ao controle nao infectado

Analises histologicas

Durante o experimento, ndo foram observadas mudangas significativas e mortes

entre os animais. A analise macroscopica dos 6rgdos dos animais dos sete grupos apos a

administracdo das substancias sob suas diferentes concentragdes nao apresentou

nenhuma alteragdo. Na analise histologica microscopica nao foram observadas

alteracdes na cavidade oral, figado e rins. No entanto, no esdéfago foram observadas

pequenas alteragdes ocasionadas devido a resposta inflamatoria provocada pelos

trofozoitos do protozoario Trichomonas gallinae, nos animais do grupo controle

infectado, com o grupo tratado com 6leo essencial livre e nanoemulsao (Fig.1).
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e ,,

Figura 1- 1- es6fago. Animal controle. Acinos mucosoé (*). Ducto glandular (seta).
Luz do orgao (L). HE. 100X. 2- es6fago. Animal inoculado com trofozoitos. Infiltrado
inflamatério focal de células mononucleares em acino mucoso (cabega de seta). Acinos
mucosos (*). Ducto glandular (seta). Luz do 6rgao (L). HE. 100X. 3- eso6fago. Animal
inoculado com trofozoitos e tratado com O6leo essencial. Extensa 4rea de infiltrado
inflamatério de células mononucleares (cabeca de seta). Acinos mucosos (*). Luz do
orgao (L). HE. 100X. 4- es6fago. Animal inoculado com trofozoitos e tratado com
nanoemulsdo 6leo essencial. Area focalmente extensiva de infiltrado inflamatério de
células mononucleares em 4cinos mucosos. Luz do 6rgdo (L). Acinos mucosos (¥). HE.

100X.

Determinaciio de parametros de estresse oxidativo

A andlise dos dados demonstrou que ap6s a exposicao aos tratamentos com 6leo
essencial e nanoemulsdo, ocorreu a inducao dos niveis de peroxidacao lipidica quando
comparado ao grupo controle negativo no plasma das codornas (ANOVA: F (6, 28) =

19,25, P <0.001 [Fig. 1A] e F (6, 28) = 10,40, P <0.001 respectivamente) [Fig. 2B].
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A andlise de TBARS do rim F (6, 28) = 4,536, P < P=0,0025) [Fig. 2C], mostrou
que o controle sadio, tween e a nanoemulsdo branca aumentaram a peroxidacao lipidica,
quando comparado ao controle negativo. No figado ndo houve diferenca significativa F
(6, 28) = 0,5633, P=0,7557 [Fig. 2D]. Além disso, nos rins a nanoemulsao diminuiu a
formacdo de espécies reativas (ROS) quando comparado ao controle negativo, ja no
figado ndo ocorreu diferenga significativa F (6, 28) = 4,841, P=0,0017 [Fig. 2E] and F
(6, 28) = 2,089, P=0,0866 [Fig. 2F].

No que diz respeito a atividade antioxidante das enzimas (SOD), observou-se
que os tratamentos empregados nas codornas, mostrou que nos rins todos os grupos
tiveram uma diminui¢cdo da atividade enzimatica em comparacdo ao controle negativo,
exceto o controle sadio F (6, 28) = 6,594, P=0,0002 [Fig. 2G]. No figado ndo houve
diferenca significativa F (6, 28) = 9,038, P<0,0001 [Fig. 2H].
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Figura 2- Niveis de espécies reativas (TBARS, ROS, SOD) em exposi¢ao ao oleo
essencial Cymbopogon flexuosus (0,090 pg / mL), e nanoemulsdo em figado, rim e
plasma de codornas positivas para Trichomonas gallinae. Controle ndo infectado
(trofozoitos ndo tratados), Controle infectado, TW (veiculo 0.01%), MTZ (metronidazol
25 mg/kg), NB (nanoemulsdo branca 0,88mg/kg) OE-CF (6leo essencial Cymbopogon
flexuosus 0,55 mg/kg) e N-CF (nanoemulsdo Cymbopogon flexuosus 0,44 mg/kg). Os
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dados sao expressos como média £ SEM (n =5). * P <0,05 quando comparado ao grupo
controle.
DISCUSSAO

Os tricomonadideos sdo protozodrios microaerofilos e possuem uma organela
redox responsavel pela descarboxilagdo oxidativa do piruvato, o hidrogenossomo. O
mecanismo de a¢do do metronidazol ja ¢ bem conhecido na literatura (ANVISA, 2007).
Segundo Kulda (1999) o efeito da droga esta relacionado a sua reducdo dentro do
hidrogenossomo, através da transferéncia de elétrons catalisada pela ferredoxina para o
metronidazol. As drogas do grupo dos nitroimidazdis sao seletivas para anaerdbios. Sob
condi¢des anaerdbicas e de baixas tensdes de oxigénio, ocorre a transferéncia de um
unico elétron, levando a geracdo de ao menos trés radicais intermedidrios com
potenciais citotoxicos. Os efeitos colaterais do MTZ incluem citotoxicidade
(OYEDAPO et al. 2004), possiveis carcinogénicas propriedades (Sobel et al. 1999),
disfuncdo neurologica (CAYLOR & CASSIMATIS 2001), e desenvolvimento de
resisténcia (FRANSSEN & LUMEL 1992).

Os antioxidantes naturais sao amplamente distribuidos em plantas medicinais,
possuindo diversas atividades bioldgicas (EL-HACK et al., 2020). Os 6leos de capim-
limdo possuem atividade antioxidante devido ao seu conteudo offlavonoides e fendis
(NAMBIAR & MATELA, 2012). O capim-limdo ¢ uma erva que tem sido cultivada
para finalidades medicinais em varios paises (RIQUELME et al.,2017) e o citral ¢ o
principal constituinte do 6leo e é conhecido por suas propriedades anti-inflamatdrias,
imunomoduladoras, fungistaticas antimicrobianas, antioxidantes e antissépticas
(LERTSATITTHANAKORN et al., 2006; BACHIEGA & SFORCIN, 2011). O capim-
limdo contém uma quantidade muito elevada de vitamina C e seu 6leo mostra atividades
antioxidantes com capacidade de melhorar o status lipidico e antioxidante
(GUIMARAES et al., 2011). Singh e colaboradores (2015) afirmam que os compostos
fendlicos possuem capacidade de fornecer hidrogénio ou elétrons, explicando a remogao
do oxigénio dos radicais livres.

Para investigar um possivel mecanismo de a¢do do dleo e a nanoemulsdo de C.
flexuosus contra T. gallinae, avaliamos suas capacidades pro-oxidantes e antioxidantes
no ensaio de ROS, TBARS, SOD do figado, rins e plasma das codornas. O dleo de
capim-limao foi identificado neste estudo como um potente antioxidante com
capacidade de melhorar o status lipidico e antioxidante. A reducdo da peroxidagdo

lipidica observada nos tratamentos com 6leo e a nanoemulsdo, podem ser observadas e
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este fato pode ser atribuido ao potencial do capim-limao ¢ fonte de compostos bioativos,
flavonoides e vitaminas que podem inibir as rea¢des em cadeia de oxidacdo lipidica,
justificando assim a atividade antioxidante obtido (Ibrahim e Salem, 2013). Além disso,
os componentes da nanoestrutura utilizadas neste estudo possuem atividade antioxidante
(BOUNOUS, 2000, EL-KADY et al., 2010).

Segundo Giri et al. (2016) radicais livres estdo ligados a oxidagao lipidica das
membranas celulares, liberando nutrientes e substancias toxicas para a célula no espago
extracelular, causando perda de fluidez e aumento da permeabilidade da membrana e até
mesmo sua ruptura. Substancias reativas ao acido tiobarbitirico (TBARS) sdao um dos
principais marcadores bioldgicos desse tipo de dano as membranas celulares (DRAPER
& HADLEY, 1990).

Nossos resultados demonstram que o tratamento do oOleo essencial e a
nanoemulsdo aumentou os niveis de espécies reativas (ROS) e, consequentemente,
aumentou a peroxidacdo lipidica no rim das codornas quando comparado ao grupo
controle a partir desses resultados. Acreditamos que a citotoxicidade do citral, composto
majoritario do dleo essencial possui efeito pro-oxidante, devido que os acidos graxos
poliinsaturados das membranas celulares sao degradados pela peroxidagao lipidica, com
consequente alteracdo da integridade da membrana, sugerindo que a peroxidagdo
lipidica, mediada por espécies reativas, ¢ uma causa importante de dano celular, que
pode levar a morte celular.

Halliwell (2007) os metabdlitos reativos de oxigénio sdo importantes substancias
geradas por meio de células metabolismo em que as moléculas de oxigénio
frequentemente passam pelo processo de reducao. Além disso, a maioria radicais livres
em sistemas biologicos sdo derivados da molécula de oxigénio que ¢ referido como
"Espécies Reativas de Oxigénio" (ROS). Essas substincias sdo produzidas como
produtos de metabolismo celular normal. Produg¢do excessiva de espécies ativas de
oxigénio ou perturbando o equilibrio entre a formacdo e a remog¢do resultaria em
estresse oxidativo, o que ocorreu no presente trabalho, quando empregado a andlise de
ROS sobre o plasma e rim das codornas. (POLI et al., 1993).

Segundo Halliwell (1994) os antioxidantes enzimaticos incluem principalmente
superoxido dismutase (SOD). O desequilibrio entre a produgdo de radicais livres e a
defesa antioxidante pode estar envolvida na patogenia de algumas doengas, de acordo
com Halliwell (2007). A presenca de atividade de SOD no rim mostra que o 6leo e a

nanoemulsdo induziram a produgdo significativa de antioxidante. O estresse oxidativo ¢
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principalmente associado a produgdo de substancias reativas derivadas de oxigénio que
sdo, em ultima andlise, responsaveis pelos niveis de danos a uma grande variedade de
componentes celulares (DNA, lipidios de membrana, enzimas, etc.)

Os resultados para AST, ALT e GGT apresentaram niveis baixos, acredita-se
que o mesmo poderia ser explicado devido ao isolado de Trichomonas gallinae ndo ser
patogénico e assim ndo invadir e danificar o figado e pelo tratamento ndo ter causado
lesdes, diferindo estudo de Seddiek et al. (2014), que em seu experimento as aves
infectadas com o protozoario apresentaram niveis bioquimicos aumentados para ALT e
AST, devido a cepa ser patogénica.

Para as andlises renais tanto os resultados de ureia como creatinina apresentaram
niveis elevados, diferindo o trabalho de Sekhar e Sinha (1986) ndo comprometendo os
rins dos animais.

Nenhuma alteragdo histologica foi observada no figado e rins dos animais,
sugerindo que ndo ocorreram lesdes macroscOpicas € microscopicas, tanto para o
tratamento com o farmaco padrdo metronidazol, como para o uso do 6leo essencial e a
nanoemulsdo. Achados semelhantes sdo descritos na literatura, como no estudo de Cole
e Friend (1999), que afirmam que cepas com viruléncia moderada sdo frequentemente
associadas a abcessos caseosos na regido orofaringea, ndo havendo lesdes visiveis.
Stabler (1948) relata que 90% dos pombos adultos infectados ndo mostram quaisquer
sinais clinicos da doenga.

As lesdes ocasionadas por estes protozodrios variam desde ulcera na mucosa a
grandes nddulos caseosos, ocasionando altas taxas de mortalidade, (EL KATAN et al.,
2017) [48]. Girard et al. (2014) diagnosticaram aves com lesdes case necroticas na
orofaringe e esofago, essas lesdes se estendem pela mucosa do trato digestdrio superior,
semelhante ao presente estudo, o qual s6 apresentou lesdes microscopicas no esofago
dos animais tratados com o O6leo essencial de C. flexuosus e a nanoemulsdo. A
tricomoniase provoca placas diftéricas branco-amareladas caseosas na orofaringe,
esofago, inglivio e traquéia. As formas sistémicas no figado e pulmdo sdo menos
comuns (KRONE & COOPER, 2002; SAMOUR, 2003; FORRESTER E FOSTER,
2008).

CONCLUSAO
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Conclui-se que o oleo de capim-limdo e a nanoemulsdao possui a atividade
antioxidante. Ambos os tratamentos ndo apresentaram lesdes no figado e rins,
apresentando niveis baixos de AST, ALT, GGT, ureia e creatinina. No exame

histoldgico, s6 foram observadas lesdes no esofago.
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5. Conclusdes gerais

e Os 6leos essenciais e suas respectivas nanoemulsoes foram capazes de reduzir a
viabilidade dos trofozoitos de 7. gallinae que estavam causando a morte celular
em diferentes concentragoes.

e O uso de OE de manjericdo foi mais eficaz contra trofozoitos de 7. gallinae com
concentragdes crescentes de 6leo essencial e nanoemulsdo em um tempo de 12
horas.

e A eficicia do OE de manjericdo e eucalipto so atingiu 100% de eficacia apds 24
horas de contato.

e O teste in vitro mostrou que as concentragdes de OE-CL (550 pg / ml) e N-CL
(440 pg / ml) reduziram a viabilidade dos trofozoitos em 100%.

e No teste in vivo, o tratamento com OE-CL foi eficaz no 4° dia de tratamento ¢ o
N-CL ap6s o 3° dia, e 0 MTZ na concentragdo terapéutica foi eficaz no 7° dia.

e O capim-limdo possui potencial natural de atividade antitricomonal contra 7.
gallinae in vitro e in vivo.

e O citral revelou que 60 puM, inibiu a conclusdo do crescimento do trofozoito pelo
composto em 12 horas de incubagao.

e O geraniol houve eficicia a partir da concentragdo de 50 uM, apos 24 h de
incubacao a partir da concentragao.

e A andlise dos dados demonstrou que imediatamente apds a exposi¢ao aos
tratamentos com 6leo de citral e geraniol (60 uM e 50 uM) induziu os niveis de
peroxidacao lipidica quando comparado ao grupo controle negativo.

e C(Citral nao foi capaz de alterar significativamente os niveis de RS quando
comparados ao grupo de controle negativo.

e (Geraniol houve alteragdo significativa nos niveis de RS quando comparado ao

grupo de controle negativo.
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O geraniol e o citral inibem uma enzima hidrogenossomica crucial para a

sobrevivéncia de T. gallinae.

Citral reduziu o crescimento das células VERO de maneira dependente da dose e
do tempo.
Geraniol, o ensaio pelo método (MTT) indicou que a viabilidade celular

permaneceu acima de 100%.

Conclui-se que o oleo de capim-limdo e a nanoemulsdao possui a atividade
antioxidante.

O dleo e a nanoemulsdo de capim-limao ndo apresentaram lesdes no figado e
rins.

No exame histolégico, s6 foram observadas lesdes no eséfago.
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Anexo 11
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ds citral and geraniol.” The manuscript

Recently, you received a decision on PAR-2021-0266, entitled "Anti-Trich gallinae properties of
and decision letter are located in your Author Center at https//mc i com/par.
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Alison Sage

Parasitology Editorial Office
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