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Ultrastructural changes in the Haemonchus contortus cuticle
exposed to Acacia mearnsii extract

Alteracoes ultraestruturais da cuticula de Haemonchus contortus
expostos ao extrato de Acacia mearnsii

Eidi Yoshihara!"; Alessandro Pelegrine Minho?; Victor Bittencourt Dutra Tabacow?;
Sérgio Tosi Cardim?; Milton Hissashi Yamamura*

Abstract

The parasite Haemonchus contortus is one of the most pathogenic for small ruminants in tropical
and subtropical regions worldwide, including Brazil. The objective of this study was to evaluate the
structural changes induced in adult H. contortus after in vitro contact with Acacia mearnsii extract (AE),
using scanning electron microscopy. Adult nematodes were collected from a naturally infected lamb. In
the in vitro assay the parasites were placed in contact with AE (100 mg ml"), for two hours at 37°C. The
nematodes used in the assays (exposed to AE and the negative controls) were analyzed using an electron
scanning microscope (quadruplicate per treatment). In all replicates, similar morphological alterations
were observed on the entire extension of the cuticle of the specimens that remained in contact with the
EA in vitro assays, none significant lesion was observed in the negative control (not exposed to AE).
These results indicate the direct action of EA on the cuticle of H. contortus in in vitro trials.
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Resumo

Haemonchus contortus ¢ um dos parasitos mais patogénicos para pequenos ruminantes em regides
tropicais e subtropicais em todo o mundo, inclusive no Brasil. O objetivo do trabalho foi analisar
alteracdes ultraestruturais na cuticula de H. contortus apo6s contato com extrato de Acacia mearnsii.
Os parasitos expostos ao extrato de Acacia mearnsii (EA) e os controles negativos foram analisados
ao microscopio eletronico de varredura. No teste in vitro, adultos de H. contortus foram coletados de
um ovino naturalmente infectado, e os parasitos foram colocados em contato com o EA (100 mg mL"),
durante duas horas a 37°C. Os nematddeos expostos ao EA apresentaram alteracdes morfologicas em
toda a extensdo da cuticula. As alteragdes morfologicas ndo foram observadas no controle negativo.
Estes resultados indicam a acdo direta do EA na cuticula de H. contortus.
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Introduction

Infections by trichostrongyles are one of the
main limitations for efficient sheep production
in temperate and tropical areas, especially when
the abomasal parasite Haemonchus contortus is
involved (HOSTE et al., 2012).

However, the frequent use of these anthelmintic
drugs has given rise to drug-resistant populations.
Together with this, anti-parasitic drug residues
in food, as well as environmental polluting, have
pushed the scientific community to seek healthier
and more sustainable control of parasites (WALLER,
2006).

Throughout the last ten years, several studies
have been carried out with plants rich in condensed
tannins (CT), their main focus being the use of such
in the control of GIN in small ruminants (MARLEY
et al., 2003; MINHO et al., 2008; KATIKI et al.,
2013).

CT’s are secondary metabolites in plants and
demonstrate anthelmintic properties when used in
naturally or experimentally infected sheep. The
modes of action of these anthelmintic properties
remain obscure (HOSTE et al.,, 2006). Two
hypotheses have been developed to explain the
anthelminthic properties of tannins. Their direct
effect may be explained by the interaction of the
tannin on the surface of parasites, given the affinity
of the tannins with proteins. The second hypothesis
supposes an indirect effect, or rather an increase
in the animal’s own immunological response
against the helminthes as a result of the increase in
the absorption of proteins and amino acids in the
small intestine given the ability that tannins have
in protecting proteins in the animals own diet from
ruminant degradation (HOSTE et al., 2000).

Studies of the Acacia mearnsii extract (AE) as
a source of CT are currently being developed in
order to evaluate their usefulness in the treatment
of GIN in sheep. In vitro and in vivo results have

demonstrated effects against larvae and adult
parasites, specifically as regards the reduction of
faecal egg count (FEC), as well as keeping the first-
stage larvae from feeding, and overall reduction
of larval population. This indicates that the acacia
extract contains active substances responsible for
the anti-helminthic action (CENCI et al., 2007;
MINHO et al., 2008, 2010; MAX, 2010).

Ultrastructural changes induced in GIN cuticle
have been described by Hoste et al. (2006),
as they analyzed the direct action of CT on
Trichostrongylus colubriformis. In this study, they
describe the existence of transverse wrinkles on
the surface of the nematodes. Also analyzing the
cuticle ultrastructural changes, Martinez-Ortiz-De-
Montellano et al. (2013) describes the presence of
transverse and longitudinal wrinkles on the cuticle
of H. contortus upon contact with sources of CT.

The purpose of this paper was therefore to
evaluate morphological ultrastructural changes
induced in the adults H. contortus after in vitro
contact with AE.

Material and Methods
Source of condensed tannins

The source of CT utilized in these experiments
was the commercial extract from the bark of Acacia
mearnsii (general purpose acacia extract, Seta
Sun®. Seta S.A.). This extract contains 15% of CT
determined by the HCI-Butanol method, according
to the methodology described by Porter et al. (1986).
The tested concentration of aqueous AE (100 mg
mL-") was the highest dilution that could be made in
the laboratory without the use of other solvents that
could interfere on the results.

In vitro assay
Adult Haemonchus contortus

The adult parasites utilized in the in vitro test
were collected from a naturally infected sheep
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from the region of Londrina, which was kept in
the isolation ward of the Londrina State University
Veterinarian Hospital receiving tannin-free diet. The
sheep was euthanized and the abomasum collected,
transferred to a lab and opened in order to collect
the adult parasites.

Exposure of the parasites to the extract

The parasites were placed in petri dishes
containing 5 mL of saline solution (NaCl 0.9% at 37
°C)toeliminate possible contamination fromthe other
contents of the sheep’s stomach. From this moment
on, all the tests with the parasites were conducted at
37 °C. The parasites from the negative control group
were submerged only in saline solution; nematodes
from treated group were exposed to the AE diluted
in distilled water at a concentration of 100 mg mL-
I, In this experiment, four parasites were subjected
to treatment (AE exposed for two hours) and four
were used as negative control (incubated in saline
solution for four hours). After the incubation period,
the parasites from AE-treated group were kept in the
saline solution for more two hours, and the solution
was changed every thirty minutes to remove any
excess of the solution containing the extract (total
period of incubation was four hours).

Specimen  processing  for  electron-scanning

microscope (ESM) analysis

For the preserving of the specimens obtained
in test, a modified Karnovsky process was used,

composed of 5% glutaraldehyde in a phosphate
emulsifier at 0.1M pH 7.4 (KARNOVSKY, 1965).
After 24 hours of stabilization at 4 °C, they were
washed three times in the phosphate emulsifier. Next,
they were post-preserved in 1% osmium tetroxide in
a phosphate emulsifier (pH 7.4 for 1 hour). Then the
specimens were washed and dehydrated in a series
of increasing ethanol solutions (70 to 100 °GL).

The specimens were then dried to their critical
point using a Critical Point Dryer CPD 030
(Baltec), mounted on slides and covered in gold
using a Sputter Coater SCD 050 and analyzed
using an electron-scanning microscope FEI Quanta
200 in the Electron-scanning and Micro-analyses
laboratory at Londrina State University.

Results

Figure 1 shows the ultrastructural changes
found in all of the H. contortus adult nematodes
after two hours of in vitro exposure to the AE at a
concentration of 100 mg mL-'. The modifications
found in the treated group were present in all the
analyzed adult parasites (quadruplicate), though the
analyses were limited to the superficial integument,
ruptures evident can be seen in the cuticle, together
with an increase in volume that distorts the striations
of the cuticle and apparently results in the leaking
out of internal matter (T ,). When compared to the
body surface of the untreated control parasites (C,
& C,,), there are transverse wrinkles of the cuticle

all throughout the extension of the body (T, ).
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Figure 1. Electron-scanning microscope imaging showing the outer structure of Haemonchus contortus upon exposure
to saline solution (C) and upon exposure to Acacia mearnsii extract (T).

Sum

C,, & C,,: Normal cuticle (control).

50 pum

T, ,: Note the ruptured area on the cuticle with an increase of inner volume/pressure that has distorted the cuticular striations,

causing obvious leakage of inner matter (AE treated).

T, ,: Parasitic body surface showing transverse wrinkling (AE treated).

Discussion

The anthelminthic effects of different sources of
CT were described for the last 15 years (HOSTE
et al., 2006). These resulted have been were related
to the effects in different phases of the parasite
development as the elimination of nematode eggs
(NIEZEN et al., 1998; BUTTER et al., 2000;
MARLEY et al., 2003; MINHO et al., 2010), a
reduction in the worm burden (TZAMALOUKAS,
2005; HECKENDORN et al., 2007; MARTINEZ-
ORTIiZ-DE-MONTELLANO et al., 2010; MAX,
2010), a decrease in the fertility of female parasites

(ATHANASIADOU et al., 2001; LANGE et al.,
2006; HECKENDORN et al.,, 2007), and less
information is available on the possible mode of
action of tannins against adult worms. These results
demonstrate the anthelminthic action of CT.

In this study, the anthelminthic effect of Acacia
mearnsii extract was demonstrated by means result
of ultrastructural modifications in the cuticles of H.
contortus adults upon contact with the AE in in vitro
conditions, as verified by ESM.

The anthelminthic efficacy using these same
extracts were also evaluated in other studies (CENCI
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et al., 2007; MINHO et al., 2010; MAX, 2010),
where the worm burden and FEC were decreased,
and the feeding of first-stage larvae was inhibited,
as well. The findings of these studies related before
corroborate the results of our studies, confirming
the effects obtained from utilizing Acacia mearnsii
extract on H. contortus control.

The ultrastructural changes found in the H.
contortus adult worm after the in vitro exposure are
limited to the cuticle, where ruptures, an increase
in volume that disrupts the cuticular striations and
the leakage of internal matter can be observed.
Transverse wrinkles can also be described.

Cuticular changes were described by Hoste et al.
(2006), in which they also related modifications to
Trichostrongylus colubriformis adult worm, along
with the presence of longitudinal and transverse
wrinkles after in vitro exposure to walnut extract
rich in condensed tannin, as analyzed by ESM.

The presence of wrinkles in the cuticle was also
described by Martinez-Ortiz-De-Montellano et al.
(2013) upon observation by ESM of H. contortus
adult worm when in in vitro contact with plants
rich in tannins. These studies also demonstrate the
effect of CT on the cuticle in in vitro experiments,
confirming the results of our study.

The main purpose of the cuticles in nematodes
is to maintain structural uniformity, thus allowing
it to move and to selectively absorb nutrients,
along with osmoregulation in the digestive system
of its host (PAGE; WINTER, 2003). Based on the
functions of the cuticle, the damage to the parasite
structure described in this study could estimate an
inhibit of the motility of the parasite, as well as
cause an osmotic imbalance, thus compromising
its interaction with its environment, primarily as it
relates to the feeding and nutrition of the nematode.

The foundlings in assays are similar confirming
the effect of AE on the nematodes cuticle. Therefore
the use of in vitro test as an screening of CT sources
with direct effect on H. contortus is recommended

rather than in vivo test cause this kind of assay is less
laborious and requires less number of experimental
animals. Evaluate the direct anthelmintic effect of
CT sources on H. contortus using electron-scanning
microscope are promising, but further experiments
and studies should be conducted to explore possible
changes to the internal structures as a result of
exposure to tannin-rich extracts.

Conclusions

Analysis by ESM reveals ultrastructural changes
in H. contortus adult parasites after in vitro exposure
to Acacia mearnsii extract when compared to
the untreated control group. These changes are
concentrated on the cuticle and in the cephalic
region, thus demonstrating the direct action of CT
on the subject parasites.

Aprovacio do Comite De Etica

O presente trabalho foi executado obedecendo
as normas técnicas de bioseguranga e ética sob a
aprovacdo do comite de ética em Experimentagdo
Animal da Universidade Estadual de Londrina
através do OF. CIRC. CEEA/UEL n° 17/2010.
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