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ABSTRACT

Schistosomiasiss a potentiallife threatening illnessesponsible for many deaths worldwide.

This disease is more frequent in areas with low socioeconomic development and poor basic
sanitation.Currently, the prevention and treatment of this disease is an important- social
medical challenge, and the understanding of molecular and pharmacological aspects
associated with the disease is fundamental for the development of more effective approaches
to combat schistosomiasis. In this contegkgm in vitro andin vivo integrated models, we
investigated the effect of doxycycline (D»g, broadspectrum antibiotic inhibitor of matrix
metaloproteinases (MMPBspn adultSchistosoma mansomiorms and granulomé#ous liver
inflammation in mice infected bthis parasite Adult S. mansonivormsin culture treated

with different concentrations of Dx (8080 pg/mL)were analyzed during 8 days to assess its
morphology, eggs production, and mortality. Uninfected mice and those infectedswith
mansoni untreatedand treated withpraziquantel (Pz, 200 mg/kgingle dosg or Dx (50
mg/kg/day), were evaluatedluing 60 days Our results indicated thddx induced dose
dependent tegumentary lesions (bubbles, tubercle collapse, spicule disappearance, peeling,
erosion, and contractionjediwced mating rateand eggs laying in adultS. mansonworms.

The effective dose for 50%f worms dead was reached a 1 1 2nL @x (BL&0). In mice,

S. mansoninfection induced hepatomegaly, intense granulomatous inflammation and hepatic
glycogen depletion. The number and size of granulomas was similar in untreated -and Dx
treated animals. Ureated animals showed a predominance of productive granylonersse
MMP-2 and MMR9 activities. Dx-treated mice exhibited a significanicrease in tissue
inflammation, proportion of involutive granulomagsnd hepatic colagenogenesis, as well as
attenuated MMR2 and MMR9 activities Our findings indicated that Dx is toxic to ad@t
mansoniworms. Howeverjn vitro beneficial effects wre not reproducedn vivo, since Dx
treatment increased liver granulomatous inflammation @ildgenogenesisr S. mansoni
infected miceby a process potentially associated widlk-mediatedhepatic MMP-2 and
MMP-9 inhibition.

Keywords: Pharmacological TreatmerRathologyParasitology Schistosomiasis.



RESUMO

A esquistossomose é uma doenca pointente fatal, responsavel por muitas mortes em
todo o mundo. Essa doenca € mais freqliiente em areas de baixo desenvolvimento
socioeconémico e saneamento basico precario. Atualmente, a prevencdo e tratamento dessa
doenca € um importante desafio méesoail, e a compreensdo dos aspectos moleculares e
farmacoldgicos associados a doenca € fundamental para o desenvolvimento de abordagens
mais eficazes no combate a esquistossombdgeartir de modelosn vitro e in vivo, nos
investigado® efeito dadoxiciclina (Dx), um potente inibidor de metaloproteinases de matriz
(MMP), em vermes adultes de S. mansonie ra inflamagédo granulomatodsepética em
camundongomfectadospor SchistosomanansoniVermes adultos d& mansonem cultura

tratados com difentes concentracbes de Dx (50, 65, 80, 95, 110, 125, 150, 165, e 180
png/mL) foram analisados durante 8 dias para avaliagdo da morfologia, postura de ovos e
mortalidade. Foram avaliados camundongos nao infectados e infectad& owmnsonnao

tratados eratados com praziquantel (Pz, 26ty/kg dose Unica) ou Dx (50 mg/kg/dia)
durante 60 dias. O figado dos animais foi coletado apds o periodo de tratamento para anélise
da inflamacgéo granulomatosa. analisein vitro indicou que a Dx induziu efeitos toxicos
dosedependentesEssa droga reduziu a taxa de acasalamento, a postura de ovos e induziu
lesGes tegumentares (bolhas, colapso de tubérculos, desaparecimento das espiculas,
descamacao, eroséo, e contracdo) em vermes adulBosrdmsoniA dose efetiva parmatar

50% dos vermes (DL50) foi alcancada na concentracdd1@0 pg/mL de Dx Em
camundongos, a infeccdo induziu hepatomegalia, intensa inflamagdo granulomatosa e
marcante deplecdo do conteudo hepético de glicogénio. O nimero e a dimensdo dos
granuloma foi semelhante em animais infectados néo tratados e tratados com Dx. Animais
nao tratados apresentaram predominio de granulomas produtivos, enquanto camundongos
tratados com Dx exibiram expanséo do estroma hepético, aumento significativo da inflamacao
tecidual, da proporcdo de granulomas involutivos e do conteudo de coldgeno na bainha
granulomatosa. Em geral, o tratamento com Pz atenuou a inflamacdo granulomatosa e o
remodelamento patologico do figado nos animais infectadoS.pmansoncomparados aos
animais nao tratados e aqueles tratados com Dx. Em conjunto, 0s nossos achados indicaram
gue a Dx é toxica para vermes adultos Rlemansoni Embora lesdes no tegumento e
mortalidade tenham sido especialmente alcancadas a partir da concentracapgdal95

doses menores (50 e &@/mL) prejudicam o acasalamento e a postura de ovos nesses



vermes. Entretanto, os efeitos benéfipositro ndo se reproduziraim vivo, uma vez que o
tratamento com Dx aumentou a inflamacao granulomatosa e a gravidade dakdpafieas
em camundongos infectados @®r mansoniE possivel que esse efeito esteja associado a

inibicdo de MMP mediado pela Dx, aspecto que requer investigacdes adicionais.

Palavraschave Esquistossomose. Parasitologia. Patolo@ietamentd-armacolégico
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1 INTRODUCTION

Schistosomiasis ian infectiousdisease caused by trematodes of the g&chsstosoma
(BASCH, 1991; MLLEY and SECOR 2014).Considering allSchistosomapecies, laout
240 million people in 78 countries are infected and 800 million people live in areas endemic
to thedisease. In the world, the highest incidence and prevalence of schistosomiasis occurs in
regions of the Middle East, South America, Southwest Asia and especially Africa
(WEERAKOON et al., 2015 WHO, 2017). The species responsible for schistosomiasis in
Brazil is Schistosoma mansgnvhich causes a chronic and debilitating disease (WHO, 2017).

In this country, about 25 million people live in an akeigh a risk of schistosomiasis and
approximately 2.5 to 6 million individuals are infectezbpecially in pooand rural areas
where sanitation and quality of life are precari(DE MELO et al., 2014 MARQUESet al.,
20138.

The life cycle ofS. mansonis heteroxenic, passingne phase in the mollusk, the
intermediate host, and another phase in humans, the definitive hoHt&\NIM 2007;
FARRAR, 2014). Schistosomiasis develops in humans in acute and chronic phis€s (K
2009). The acute phase is generally asymptomatic and refgresemild form with
hepatointestinal involvement. The chronic phase, when symptomatic, man#ssts
hepatosplenomegaly and portal hypertension and is recognized as an advanced hepatosplenic
form (ANDRADE, 2008). Acute schistosomiasis is characterized by piesence of
numerous periovular granulomas in multiple organs, especially in the liver, intestines and
lungs (ANDRADE, 2008). These granulomas are large, with a predominantly exudative
component rich in eosinophils, poorly delimited periphery and fregpenovular necrosis
(RASO andNEVES, 1965). At the beginning of the chronic phase, granulomas are observed
at various stages of evolution, including involutive forms with low cellularity and high
collagen density (NDRADE, 2008). During this phase, theri@al of new viableS. mansoni
eggs in the tissues triggers concomitant granulomatous reactions similar to those observed in
the acute phase WARAL et al., 2017; HAMSet al, 2013). In generalschistosomiasis
granulomas are smaller in the chronic phas&ce the inflammatory reaction is
counterbalanced by the destruction of older granulom&dARAL et al., 2017). The most
advanced chronic phase is severe, being predominantly characterized by periportal hepatic
fibrosis (AMARAL et al., 2017, NDRADE andPRATA, 1963).
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In general, fibrosis is the result of imbalance in the normal process of synthesis and
degradation of extracellular matrix components, especially collag&MgZ et al., 1999).
Takahashi et al. (1980) demonstrated that increased collagdacgiom occurs parallel to
collagenase synthesis in the livduring earlystage S. mansoniinfection. According to
Madala et al. (2010), fibrosis results from timebalancebetweencollagen synthesisby
interstitial cellsandenzymaticdegradationespeally by matrix metalloproteinases (MMPS).
Matrix metalloproteinaseglay an essential role in extracellular matrix (ECM) remodeling by
degrading collagen and naollagenous elements, such as glycosaminoglycans,
proteoglycans, cytokines, growth factors dhelir receptors (WNN, 2007; HAN, 2006). In
vertebrates, MMPs consist of more than 20 different types of enzymes that differ in tissue
expression, cell localization and substrate specificity. MMPs determine &{tiMbrium in
normal tissues, or the develment of fibrosis under pathological conditionACLANT et
al., 2010). Gomez et al. (1999) demonstrated by immunocytochemistry the participation of
MMP-1 and MMR2 in the formation ofactive schistosomiasis granulomas, even during
prolonged infections. Ischistosomiasis granuloma$e production of MMPs is associated
with macrophagactivation by parasite antige(SABO-ATTWOOD et al., 2005; SNDLER
et al., 2003). In addition, elastagxpression (MMHA?2) is induced in various liver diseases,
including cirrhosis and schistosomiasisA(N, 2006; ANDLER et al., 2003; ENDERet al.,
2006).

Currently, there is limited evidence that MMPs are involved in the pathophysiology of
S. mansoniinfection (ANDLER et al., 2003 SABO-ATTWOOD et al.,, 2005). By
modulating the immune response induced by antigens of parasiteitegggossible that
MMPs interfere with granulomatous inflammation, mainly by modulating the
collagenogenesis and collagenadyprocesses. By modifying the evolution and organization
of schistosomiasis granulomas, MMPs aamngethe most serious pathological process
related to high morbidity and mortality rat@s S. mansoninfected hosts Thus, MMP
modulatory drugs magxert arelevantimpact onschistosomiasis, with particular effecton
tissueinflammation and fibrosidn this context, doxycycline (Dx) has already been described
as an inhibitor of MMPs activity, and its use hmsviouslybeen proven in the modulatiof
tissue levels bcollagen in parasitic diseag6AILARD, 2015). Although Dx is effective in
the treatment oPlasmodium falciparuninfections (Giillard et al., 2015 Rajendranet al.,
2018) and several filarial speciesogtaufet al., 2003), littles known about the role @x in

schistosomiasis. Thus, thésudyusedin vitro andin vivo experimental models to study the
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effect ofdoxycycline hyclatan adultS. mansonwormsandon the development of hepatic

granulomatous inflammation . mansoninfected mice.
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2 MATERIA LS AND METHODS

2.1 In vitro assays

2.11 Culture of adultS. mansonivorms

Doxycycline toxicity was evaluated in cultwref adultS. mansonworms. Seven mice
subcutaneouslinfected with25 S. mansoncercariagLE strain Rene Rachou Center, Brazil
were sacrificed 80 days eft infection by intraperitoneadministrationof 3.0% sodium
pentobarbital (0.3 mL). Adult worms were recovebsdetrograde liver perfusiom infected
mice accordingto Smithers and Terryl@65) The wormswere cultured in 6well plates
containing one pair of worms per weltthical approval 26/200)8The culture was stabilized
in a5% CQ atmosphere in 1 MRPMI-1640 medium supplemented with hazdctivated
fetal bovineserum, 1%penicillin (10,000 IU/mL) and streptomycin (10.0 mg/i([Sigma, St
Louis, MO, USA) (AASTROet al., 2015).

2.1.2 In vitro doxycyclindoxicity assay

Adult worms in culture were incubatedt 37 °C in 5.0% CQ with different
concentrations of doxycycline hyclat®x; 50, 65, 80, 95, 110, 125, 150, 165 and 180
eg/ mL) . Wo r ms i -h6dQuchltare metium aloneRoP théated watlcytotoxic
reference dose ®®z( 2. 0 e g/ mL) wer e us ecbntrassrespeetigeyt i v e
(CASTROet al., 2015). Incubation with the drugs was performed for.ZFhBworms were
then washed with culture mediurto remowe the drugs and kept under the same culture
conditions foreightdays.

On the first day of incubation, éhworms were observed underinverted microscope
(Eclipse ts100, Nikon, Tokyo, Japan) at 2 anchzfter addition of the drugs. After washing

and changing the culture medium, the worms vessaamired daily forsevendays.During this
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period, parametersuch as (i) mating rate, (i) egdaying, (iii) egg microstructure, (iv)
contraction rate, and (iv) mortality rate of worms were evaluated. The effective lethal dose
requiredto kill 50% of worms(LDsg) was calculated using GraphPad Prism software (La

Jolla, CA, USA). All experiments were performadingsix independent replicates.

2.1.3 Evaluation of doxycyclinemducedintegumentary damage

Integumentary lesions in adut mansonworms were evaluated by scanning electron
microscopy. After the toxicity test, the worms were collecyed fixed for 24 h in 2.5%
glutaraldehyde solution. The worms were dehydrateal $eries ofncreasingconcentrations
of ethanol (50 to 99.5%) and &n oven at 60C for 12h. Afterwards, they were mounted on
metallic supports, covered with gold (Modular Balzers Union FDU 010, SCA 010, Oerlikon
Balzers, Balzers, Liechtenstein) and examimstg a scanning electron microscope (Leo
1430VP; Carl Zeiss,eha, Thuringia, Germanypequettoet al., 2014, 2017). The analysis of
worm integrity was based on the observation of morphological evidencgegimentary
erosion, peeling, bubbles, eruption, changes in surface tubercle structure (collapse, fusion,
presence and distribution of spicules), as well as retractidimeaformé body (8va et al.,
2014; H-Beshbishiet al., 2015).

2.2 Invivoassaysanimal model of schistosomiasis

2.2.1 Infection and experimental groups

Forty Swiss mice wereandomizednto the followingfour groups with 10 animals per
group: (i) Controli uninfected; (ii) Infected control- S. mansoninfected; (iii) Positive
control (reference treatment)nfected withS. mansonand treated with P00 mg/kg); (iv)
Doxycycline group- infected withS. mansoniand treated with DX50 mg/kg). Infected
animals were inoculated subcutaneously with 2fsargae ofS. manson(LE strain Rene
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Rachou Center, BrazilAfter 80 days of infection, the animals wereatedorally with Pzas
asingle dose (faujoet al., 2008) or Dx for 60 day€onsidering the absence of a reference
for schistosomiasisDx was administered dailywith a dosethat wascapable of inducing
immunomodulatory effect in a murine modelTof/panosoma cruznfection Oe PaulaCosta

et al., 2016). Throughout the experiment, the animals were kept in an experiment room with
controlledtemperature (22 = 2C) and luminosity (12h/12h, light/dark cycles). Commercial
food and water were provided! libitum The study was approved by the instituBthics

Committee for Animal Research (protocol 26/2018).

2.2.2 Euthanasia and necropsy

Twenty-four hours after thefinal treatment, the animals were eatiived under
anesthesia (100 mg/kg ketamine and 10kapgdylazineby i.p. injection) for collection of
blood and liversamples Blood was centrifuged in the presence of anticoagulantusodi
heparin) at 300 x g and4 °C for 15 min.Blood plasma was collectefdr analyss liver
function enzymes and cytokines. The liver was weighed and the hepatosomatic index was
calculatedby dividing theliver mass bythe body mass (Mvaeset al., 2015)Samples ofiver
tissue(300 mg) were frozen-80 °C) for subsequentietermination oMMP-2 and MMR9
activities For the histopathological and stereological analysier fragments (median lobe)
were fixed in 4% buffered paraformaldehyde solut{pH =7.4,0.1 M) for 48 h (NDVAES
et al., 2015).

2.2.3 Analysis of hepatic function and systemic inflammation

Plasma samples were used for the biochenanalysisof the liver function enzymes
aspartate aminotransferase (AST), alanine aminotransfeka$¢, and alkaline phosphatase
(ALP) (Goncalves et al., 20)2The analyses were performed by a colorimetric method using
a spectrophotometeraccording to the instructions provided by the manufacturethef

diagnostic kits used (Human in Vitro Diagnasti Minas Gerais, Brazil). -@active protein
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(CRP) was used as a biochemical marker of systemic inflamma@iB®. analysis was
performed using spectrophotometRor this, a 9&vell ELISA immunoenzymatic diagnostic
kit was usedanalytical sensitivity <1@pg/mL), according toinstructions provided by the

manufacturer (ThermoFisher Scientific, Waltham, MA, USA).

2.2.4 Quantification of hepatic cytokine levels

Liver samples (median lobe) were homogenized in the presence of protease inhibitor
(Protease Inhibitor Cocktail; Sigridrich, USA) and centrifuged at 3000 gs 4°C for 15
min. The supernatant was collected for the quantification of interlelikib-4), interleukin
10 (IL-10), tumor necrosis factdd ( TUNF and tr ansf or mi nabg) .g rTohvet |
analysis was conducted by flow cytometry bead an@pA) using a commercial kit
according to thenanufacturer's instructions (BD Biosciences, San Di€ys, USA). Data
were collected using a FACSVerse flow cytometer and analyzed using FCAP 3.0 software.
Standard curves were generated for each recombinant cyiokineoncentration range 20
5000 pg/mL.According to the manufacturer, the lower limit of cytokine detechgrCBA
was 2.5 to 52.7 pg/mL, depending on the analypdN[BOS et al., 2015).

2.2.5 Tissue processing fdaright field and polarization microscopy

After histological fixation(4% formaldehyde (w/v) in 0.1 M phosphate buffer, pH 7.2
for 48h) liver fragments were dehydrated in increasing concentrations of ethanol (70 to
99.8%). They were then diaphanized iney¢and embedded in paraffin. The bloaksre cut
into semiseries a5 m t hi (CARDO30%t al., 2015) Histological sections with a
distance of 10@ nwere collected to avoid anaiyg the same histological area. The sections
were stained by the hematoxylin and eosin technique for glelnistopathological (Junqueira
and Junqueiral983) and stereological analysisGMAES et al., 2015).Sectionsstained
usingthe Sirius Red method were used iftentificationand analysis ofollagen fibers under

polarization microscop (NOVAES et al.,, 2013).Liver sections were stained using the
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Periodic acidSchiff histochemical method for glycogen identification and analysis
(GARVEY et al., 1992 The sections were mounted watcoverslip and visualized usiray
photomicroscope (Axioscope Al, Carl Zeiss, Bany). Ten histological images were
obtainedfor each animal andachstaining method using Axion Vision LE image capture and
analysis software (Carl Zeiss, Germany).

2.2.6 Liver histopathological analysis

Histopathological evaluation was carried out in a qualitative way, observing evidence of
tissue necrosis, cellular hypertrophy/hypotrophy, cytoplasmic glycogen inclusion pattern,
organization and distribution of parenchymal and stromal cells, morpholaggisinibution
of blood vessels and interstitial cells, as well as the presence and distribution of inflammatory
foci, Schistosomiasigranulomas and areas of tissue fibrosiOWAES et al., 2013).The
analysis was performed in 10 random histologiedtls for each animal using a x40 objective
lens (x400 magnification)with examination 0221.10x 10° £ rAtotal histological area for
each group (OVAESet al., 2013).

2.2.7 Stereological and histomorphometric analysis of hepatic granulomas

The number density of granulomas per unit of histological area (QAG, fymias
evaluated using the stereological formula 2/G/At; where SG representshe sum of the
number of granuloma profilesaddc or r esponds to the si Ze of
The QAs was evaluated from 10 random rowoincident histological fields for each animal
obtained with a x5 objective lens (x50 magnification), 27&20x 10" ¢ ritotal histological
area for each groupExudativeproductive and organized granulomé&sbrotic) were
guantified differentiallyaccordingto a previously established morphological characterization
(RODRIGUESEt al., 2017).

The area of the equatorial section of the granulomas was directly determireed by

histomorphometric methodsingthe catour tool of the Imag®ro plus 4.5 image analysis
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program (Media Cybernetics Inc., Silver Spring, Maryland, US8\RDOSOet al., 2015)

Mean granuloma volume was estimated by the principle of prolate (P) spheroid, according to
t he f or mul a a2¥;Rvherea ig the/ eGuptorial (smaller) radius ands the polar
(larger) radius of the crossectional profile of a spheroidal structure (JO et al., 2007). One
hundred granulomas were analyzed per group, within wéc&. mansonegg was clearly
observed (RDRIGUESet al., 2017).

2.28 Stereological analysis of integranulomatous liver tissue

In areas ofiver tissue that were remofeom the granulomas, the amplitude of hepatic
microstructural remodeling was estimated by usimegstereological methotNOVAES et al.,
2011, 2013) The volume density (hepatocyt§sarenchyma] connective tissuesfromd,
sinusoidl capillariesand cytoplasmic gycogen inclusions) and number density (hepatocytes
and interstitial/inflammatory cells) were estimated according stereologicalprinciples
previously described (@VAES et al. 2013). The volume density (\84) was estimated by
counting ponts according to the formula¥w EP/ Pt ; where EP testpr es ¢
pointshitting the structure of interest and Pt is the total number of points in the test system. A
quadratic test system with 100 points contained #4221 x 18 ¢ Mtest ara (At) at tissue
level was used. The number density (QA, nfnmwas evaluated by the same principle
described above for the quantification of the number of granulomas per unit of liver area. The
stereological analysis was performed in 10 randoon-coincident histological fields for
each animalobtained with ax40 objective lens (x400 magnificatioi) a 21.10x16 €
total microscopic area for each grouyl. analygs wereperformedusingimagePro Plus 4.5
image analysis softwai@ledia Cybernetics Inc., Silver Spring, Maryland, USAOWAES
et al., 201).
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2.29 Evaluation of MMP2 and MMR9 hepatic activity

For the evaluation of MM and MMR9 activity, 200mg samplesof the liver were
homogenized in 1 mL of 5 mMris-HCI (pH 7.4 buffer containing 0.15 M NaCl, 10 mM
CaCb and 0.02% Napl After centrifugation at 10,00@ for 30 min, the supernatant was
collected for analysis of MMP activity. For this, an ELISA commercial immunoenzymatic kit
was usedccordingtota ma n u f astrictionsg ABE&AM, Cambridge, MA, USA). The
overall activity of each MMP was determined by the difference between the general
enzymatic activity and the enzymatic activity obtained after homogenate treatment with
specific inhibitors of MMP-2 (cis9-OctadecenoyN-hydroxylamide) (SigmaAldrich, St.
Louis, Missouri, USA) and MMP (2-(N-benzyt4-methoxyphenylsulfonamidej-
((diethylamino) methybN-hydroxy-3-methylbenzamide) (ABCAM, Cambridge, MA, USA).

2.3 Statisticalanalysis

The results were expressed as absolute values, percentages, mean and standard
deviation (mean = SD), or median and interquartile range. Normality in the data distribution
was assessed using tkelmogorovSmirnovtest. The data variance was measured by one
way ANOVA. Parametric data were submitted to the StudiEwmanKeuls posthoc test
for multiple comparisons. Neparametric data were compared using the Krugkallis test.

The results with P value <0.05 wearensidered statistically significant.



19

3 RESULTS

3.1 Doxycycline hyclate induces doskependent toxicity in vitroin adult S. mansoni
worms

In vitro assays indicated dosand timedependent Dx toxicity irS. mansoniadult
worms.No deatlswereo b s e r v e dnL artd 91870mmoetadity was recorded at a dose of
180 &g/ mlswasdétesmineddad 1 2. 0 € g/ mL Dx. Al |l wor m
treatment with Pz (Fig. 1).

A -= RPMI -* Dx 110 pg/mL B Dx 165 pg/mL
- Dx 80 pg/mL -4 Dx 125 pg/mL -4 Dx 180 pg/mL
—— Dx 95 pg/mL -© Dx 150 pg/mL -+ Pz 2 pg/mL
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Fig. 1 Cumulative mortality of adulBchistosoma mansowiorms untreatedral treated with different doses of
doxycycline hyclate. (A) Daily mortality after doxycycline treatment. (B) Accumulated mortality 216h
after contact of parasites with different doxycycline doB&MI: RPMI1640 culture medium, Dx:

doxycyclinehyclate (80, 95, 110, 125, 150, 165, and 480nL), Pz (positive control): praziquantel (2
eg/mL).

Fonte: da autora
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Adult worms in culture medium had a high rate of matargl eggs laying, andan
absence of integumentary contraction. Mating rate egg laying presented a significant
dosedependent reduction in Bxxeated grops compared to control worms<®.05). About
50% of the dead worms remained mated in the group treated with Pz. In contrast, the rate of
worm contraction presented a significagamd dosedependent increaseompared to the
control worms (R0.05 Fig. 2.
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Fig. 2 Rate of mated worms, accumulated eggs, and contracted worms irbelisiosoma mansoniorms
treated and untreated with different doses of doxycycline hyclate.rBatasentative of the end of 216h
(observation period) after parasites contact with different doxycycline doses. RPMI:-FaBlilculture
medi um, Dx: doxycycline hyclate (50, 65, 80, 95
control); praziquan | (2 eg/ mL) . ND: not detected. The roe

interquartile range. Statistical difference (P<O.
Fonte : da autora

Phasecontrast microscopy indicated thainder control conditions (worms grown in
RPMI-1640 medium)S. mansoneggs had a normal structure with wedifined spicules and
intense miracidium motility within the egg. Empty eggshells and free mitanidiere also

observed. Dxnduced eggdegenerabn (smaller size, loss of the border between the embryo
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and the eggshell, and embryo with lumpy appearance, vacuolated and without ciliary
movement) showed dosedependent characteristicNo eggs were identifiedvhen the

parasites were cultured with PzwithDxat1 6 5 and 180 e€g/ mL (Fi g.

Fig.3 Phase contrast photomicrographs ®¢histosoma mansorggs accumulated at the end of 216h
(observation period) after administration of doxycycline hyclate. RPMI: RB&D culture medium, Dx:
doxycycline hyclate (50, 65, 80, 95, 110, 125, ug0dmL). No eggs were identified when parasites were
cultured withP z or 165 and 180 ¢€g/ mL -dépendentTdagenerationaBfj e s i
mansonieggs. Arrow: Newly hatched miracidium separating from the eggshell (star).

Fonte: da autora

Control worms kept in culture medium presented complete morphologtegrity. In
Dx-treated worms, dosgependent microstructuratlamage of the cephalic pole and
integument were detected. Microstructural changes of the integuswesit as blistering,
erosion, desquamatimandc ont r acti on bands, as weiégshndas r

atrophy of the cephalic pole were more evi
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At 1 gL Dx and in worms treated with Pthese changes were more pronoun@ed.
4).

Fig. 4 Scanning electron photomicrographs of adidhistosoma mansomiorms untreated and treated with
doxycycline hyclate. Images obtained 216h (period of observation) after the contact of parasites with
different doxycycline doses. Control group (RPMI): RPMI40 culture medium, Dx: doxycycline
hyclate (80, 95, 110, 124, 5 0, 165, and 180 eg/ mL), Pz (positi
Featured images: Dx 80, tegument erosion; Dx 110, bubbles and tegument erosion. Arrows: areas of
integument contraction.

Fonte: da autora

Detailed morphological analysis of tl& mansoniintegument revealed a preserved
structure in control worms and in worms tr
higher Dx doses, the microstructural integumentary alterations presentedegpeselent
characteristics. The most important integumentdtgrations were the disappearance of the
spicules; flattening, collapse and disappearance of tubers; disappearance-tobartarlar
striae; erosion; blisters; contraction bands and integumentary folds (Fig. 5).
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Fig. 5 Scanning electron photomicragphs of the integument of adi@thistosoma mansowniorms untreated
and treated with doxycycline hyclate. Images obtained 216h (period of observation) after the contact of
parasites with different doxycycline doses. (Control): RAG0, Dx: doxycycline hglate (80, 95, 110,
125, 150, 165 and 180 ¢eg/ mL), Pz (positive <con
integument with preserved morphology, showing prominent tubers anebefiled spicules; Dx80:
tuber flattening and spike density reduction;1Df: collapse of tubers, disappearance of spicules, and
bubbles in the integument (highlighted image); Dx180 and Pz2: tubercle collapse, spicule disappearance
and integumentary contraction bands.

Fonte: da autora



