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1  | INTRODUC TION

Neoechinorhynchus buttnerae	Golvan,	1956	is	an	acanthocephalan	of	
the	family	Neoechinorhynchidae	for	which	the	ostracod	Cypridopsis 
vidua	(Müller,	1776)	Brady,	1867	is	the	intermediate	host	(Lourenço,	
Morey,	Pereira,	&	Malta,	2018).	This	endoparasite	causes	great	prob‐
lems	 in	 aquaculture	production	of	Colossoma macropomum	Cuvier,	
1818	from	the	Brazilian	Amazon,	where	it	infects	100%	of	the	fish	
(Jerônimo	 et	 al.,	 2017;	 Lourenço,	 Morey,	 Pereira,	 &	 Malta,	 2017;	
Matos,	Oliveira,	Gomes,	&	Silva,	2017),	affecting	the	 intestinal	 tis‐
sue	of	hosts	and	causing	impairments	of	nutrient	uptake	(Matos	et	
al.,	2017)	and	leading	to	great	economic	losses	of	100%	of	produc‐
tion	(Silva‐Gomes	et	al.,	2017).	However,	this	helminth	endoparasite	
has	 been	 often	 neglected	 as	 causative	 agents	 of	 C. macropomum 
diseases.	Therefore,	as	this	acanthocephalan	may	have	detrimental	
consequences	for	health	of	this	farmed	fish	(Jerônimo	et	al.,	2017;	
Lourenço	et	al.,	2017;	Matos	et	al.,	2017),	 it	 is	 important	to	 imple‐
ment	strategies	to	control	them.

Anthelminthic	drugs	such	as	avermectins	 (ivermectin	and	ema‐
mectin	 benzoate)	 and	 benzimidazoles	 (albendazole,	 mebendazole	
and	 fenbendazole)	 have	been	used	 to	 treat	 parasitic	 infections	by	

monogeneans,	nematodes,	digeneans	and	cestodes	in	different	fish	
species	 (Collymore	et	 al.,	 2014;	Hardy‐Smith	et	 al.,	 2012;	Shinn	&	
Bron,	2012).	Despite	continuing	need	to	expand	the	use	of	strate‐
gies	 for	 integrated	management	of	parasite	control	among	 farmed	
fish	 (Shinn	&	Bron,	2012),	 treatment	with	anthelminthic	drugs	 is	a	
tool	 that	 has	 been	 little	 tested	 for	 controlling	 infections	 by	 acan‐
thocephalan	 species.	 Levamisole,	 loperamide	 and	 praziquantel	
have	been	 recommended	 for	 in	 vitro	 control	 of	 the	 acanthoceph‐
alans	 Neoechinorhynchus rutili	 Müller,	 1780	 and	 Echinorhynchus 
truttae Schrank,	 1788	 in	 Oncorhynchus mykiss	 Walbaum,	 1792	
(Taraschewski,	Mehlhorn,	 &	 Raether,	 1990).	 Praziquantel	 has	 also	
shown	potential	as	an	oral	 treatment	against	 the	acanthocephalan	
Pomphorhynchus laevis	Müller,	1776	in	Barbus barbus	Linnaeus,	1758	
(Zuskova	 et	 al.,	 2018).	 The	 number	 of	 antiparasitic	 drugs	 that	 are	
efficacious,	consistent	and	safe	and	which	can	be	used	across	a	wide	
range	 of	 environmental	 conditions	 is	 very	 limited.	 Since	 no	 other	
suitable	 chemotherapeutic	 treatments	 for	 acanthocephalan	 infec‐
tions	in	fish	are	available,	the	aim	of	this	study	was	to	investigate	the	
efficacy,	in	vitro,	of	albendazole,	levamisole,	fenbendazole,	meben‐
dazole,	praziquantel,	ivermectin,	loperamide	and	emamectin	benzo‐
ate	against	N. buttnerae in C. macropomum.
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TA B L E  1  Efficacy	of	different	concentrations	of	the	anthelminthics	in	Neoechinorhynchus buttnerae de Colossoma macropomum in 
different	time	of	exposure

Time Control of DMSO (ml) Live parasites Dead parasites EC50 (mg/L)

6	hr 0.45 30 0 –

24	hr 0.45 29 0.3 ± 0.5

Time Control of Tween 80 (ml) Live parasites Dead parasites

6	hr 1.0 30 0 –

24	hr 1.0 30 0

Time
Control of distillated water 
(ml) Live parasites Dead parasites

6	hr 1.0 30 0 –

24	hr 1.0 28 0.7 ± 1.1

Time
Emamectin benzoate 
(mg/L) Live parasites Dead parasites EC50 (mg/L)

6	hr 12.5 30 0 –

25.0 30 0

50.0 30 0

100 30 0

200 26 1.3 ± 0.6

300 30 0

400 30 0

500 30 0

600 29 0.3 ± 0.6

24	hr 12.5 30 0 61.8

25.0 25 1.7 ± 0.6

50.0 26 1.3 ± 1.1

100 1 9.7 ± 0.6

200 0 10.0 ± 0

300 1 9.7 ± 0.6

400 1 9.7 ± 0.6

500 4 8.7 ± 1.5

600 1 9.7 ± 0.6

Time Ivermectin (mg/L) Live parasites Dead parasites EC50

6	hr 1,000 30 0 –

1,500 30 0

2,000 30 0

2,500 30 0

3,000 30 0

3,500 30 0

4,000 30 0

4,500 30 0

5,000 30 0

(Continues)
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Time Ivermectin (mg/L) Live parasites Dead parasites EC50

24	hr 1,000 0 0 2,900

1,500 28 0.7 ± 1.1

2,000 26 1.3 ± 0.6

2,500 27 1.0 ± 1.0

3,000 13 5.7 ± 0.6

3,500 8 7.3 ± 0.6

4,000 7 7.7 ± 4.0

4,500 0 10.0 ± 0

5,000 0 10.0 ± 0

Time Levamisole (mg/L) Live parasites Dead parasites EC50

6	hr 50 30 0 –

100 19 3.7 ± 1.1

150 25 1.7 ± 0.6

200 19 3.7 ± 1.5

250 20 3.3 ± 1.5

300 18 4.0 ± 1.0

350 11 6.3 ± 1.5

400 8 7.3 ± 0.6

450 7 7.7 ± 2.1

24	hr 50 20 3.3  ± 1.5 73.3

100 9 7.0 ± 1.0

150 11 6.3 ± 1.1

200 11 6.3 ± 1.1

250 9 7.0 ± 1.0

300 0 10.0 ± 0

350 0 10.0 ± 0

400 0 10.0 ± 0

450 0 10.0 ± 0

Time Praziquantel (mg/L) Live parasites Dead parasites EC50

6	hr 750 30 0 –

1,000 30 0

1,250 30 0

1,500 30 0

1,750 30 0

2,000 30 0

2,250 29 0.3 ± 0.6

2,500 14 5.3 ± 0.6

2,750 0 10.0 ± 0

TA B L E  1   (Continued)

(Continues)
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Time Praziquantel (mg/L) Live parasites Dead parasites EC50

24	hr 750 30 0 1,900

1,000 30 0

1,250 30 0

1,500 29 0.3 ± 0.6

1,750 19 3.7 ± 2.5

2,000 16 4.7 ± 1.1

2,250 5 8.3 ± 1.5

2,500 0 10.0 ± 0

2,750 0 10.0 ± 0

Time Albendazole (mg/L) Live parasites Dead parasites EC50

6	hr 250 30 0

500 30 0

750 30 0

1,000 30 0

1,250 30 0

1,500 30 0

1,750 30 0

2,000 30 0

2,250 30 0

24	hr 250 30 0 –

500 30 0

750 30 0

1,000 29 0.3 ± 0.6

1,250 29 0.3 ± 0.6

1,500 28 0.7 ± 0.6

1,750 29 0.3 ± 0.6

2,000 30 0

2,250 27 1.0 ± 1.0

Time Mebendazole (mg/L) Live parasites Dead parasites EC50

6	hr 100 30 0 –

150 30 0

200 30 0

250 30 0

300 30 0

350 30 0

400 30 0

450 30 0

500 30 0

(Continues)

TA B L E  1   (Continued)
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Time Mebendazole (mg/L) Live parasites Dead parasites EC50

24	hr 100 30 0 –

150 29 0.3 ± 0.6

200 30 0

250 29 0.3 ± 0.6

300 28 0.7 ± 1.1

350 30 0

400 30 0

450 29 0.3 ± 0.6

500 29 0.3 ± 0.6

Time Fenbendazole (mg/L) Live parasites Dead parasites

6	hr 0.2 30 0

0.3 30 0

0.4 30 0

0.5 30 0

0.6 30 0

0.7 30 0

0.8 30 0

0.9 30 0

1.0 30 0

24	hr 0.2 30 0

0.3 30 0

0.4 30 0

0.5 30 0

0.6 30 0

0.7 30 0

0.8 30 0

0.9 30 0

1.0 30 0

Time Loperamide (mg/L) Live parasites Dead parasites

6	hr 20 30 0

40 30 0

60 30 0

80 30 0

100 30 0

120 30 0

140 30 0

160 30 0

180 30 0

24	hr 20 29 0.3 ± 0.6

40 26 1.3 ± 1.1

60 29 0.3 ± 0.6

80 30 0

100 30 0

120 29 0.3 ± 0.6

140 29 0.3 ± 0.6

160 28 0.7 ± 1.1

180 26 1.3 ± 1.5

TA B L E  1   (Continued)
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For	 these	 trials	 in	 vitro,	we	 used	 eight	 anthelmintic	 drugs	 and	
forty	 juveniles	 of	 C. macropomum	 (100.0	±	20.0	g)	 obtained	 from	
a	commercial	 fish	 farm	 in	Manaus,	Amazonas	state	 (Brazil).	All	 the	
fish	 had	 the	 intestine	 naturally	 infected	 by	N. buttnerae.	 Parasites	
obtained	were	stored	in	Eagle's	minimal	essential	at	room	tempera‐
ture	(25.0	±	1.0°C)	in	combination	with	different	concentrations	of	
albendazole,	 levamisole,	 mebendazole,	 fenbendazole,	 emamectin	
benzoate,	 ivermectin,	 loperamide	 and	 praziquantel.	 The	 efficacy	
of	 concentrations	 of	 each	 anthelminthic	 drug	 was	 tested	 using	
three	replicates	per	treatment	and	10	adults	of	N. buttnerae	in	each	

replicate.	The	endoparasites	were	considered	dead	when	had	totally	
lost	mobility.	The	effective	concentration	(EC50‐24	hr)	and	95%	confi‐
dence	interval	were	determined	for	each	anthelminthic	drug,	using	
the	software	Trimmed	Spearman–Karber	method	(Hamilton,	Russo,	
&	Thurston,	1977).

Only	 levamisole,	 praziquantel,	 emamectin	 benzoate	 and	 iver‐
mectin	 caused	mortality	of	N. buttnerae.	 The	EC50	was	also	deter‐
mined	for	the	anthelminthic	drugs	(Table	1).	For	levamisole,	the	95%	
confidence	interval	was	49.3–108.8	mg/L;	for	praziquantel,	1,800–
2,000	mg/L;	 for	 emamectin	 benzoate,	 52.7–72.4	mg/L	 and	 for	 iv‐
ermectin,	 2,700–3,100	mg/L.	 However,	 the	 effects	 of	 emamectin	
benzoate	 and	 levamisole	 were	 not	 dependent	 on	 concentration.	
Praziquantel	 also	 presented	 high	 efficacy	 in	 vitro	 against	N. rutili 
and E. truttae in O. mykiss (Taraschewski	et	al.,	1990).	Low	concen‐
trations	of	ivermectin	in	the	diet	of	Danio rerio Hamilton,	1822	had	
little	efficacy	 (24%)	against	 the	nematodes	Pseudocapillaria tomen‐
tosa	Dujardin,	 1843,	while	 emamectin	benzoate	had	90%	efficacy	
(Collymore	et	al.,	2014).	Despite	 this	positive	effect	of	emamectin	
benzoate,	 its	use	 is	 restricted	 for	agriculture	 in	most	of	 the	states	
in	 Brazil,	 thus	 limiting	 its	 use	 in	 aquaculture,	 which	 has	 not	 legal	
approbation.

The	 concentrations	 of	 emamectin	 benzoate	 and	 ivermectin	
that	were	used	showed	high	in	vitro	efficacy	against	N. buttnerae 
of C. macropomum	 after	 24	hr	 of	 exposure,	 but	 the	 efficacy	 of	
praziquantel	 and	 levamisole	 started	 at	 6	hr	 of	 in	 vitro	 exposure	
(Figure	1).	Levamisole	showed	low	efficacy	against	N. buttnerae at 
6	hr	of	exposure.	Taraschewski	et	al.	(1990)	reported	that	levam‐
isole	 presented	 efficacy	 against	N. rutili and E. truttae	 after	 1	hr	
of	exposure.	No	concentration	of	albendazole,	fenbendazole,	me‐
bendazole	or	 loperamide	showed	 in	vitro	efficacy	against	N. but‐
tnerae of C. macropomum,	 since	they	are	poorly	soluble	 in	water,	
resulting	 therefore	 in	 variable	 and	 incomplete	 bioavailability	
(Ghanbarzadeh	et	al.,	2016;	Ibrahim	&	Al‐Anazi,	2013;	Pacheco	et	
al.,	2018;	Romero,	Navarro,	Sanchez,	&	Valero,	2014;	Taraschewski	
et	al.,	1990).	Similar	 inefficacy	of	albendazole,	 fenbendazole	and	
mebendazole	has	also	been	reported	in	relation	to	species	of	ac‐
anthocephalans,	nematodes,	monogeneans	and	trematodes	para‐
sitizing	different	fish	species	(Reimschuessel,	Gieseker,	&	Poynton,	
2011;	Romero	et	al.,	2014;	Taraschewski	et	al.,	1990;	Zhang	et	al.,	
2014).

Loperamide	 did	 not	 show	 efficacy	 against	 N. buttnerae in 
C. macropomum	in	the	present	study,	contrary	to	our	expectations.	
However,	 loperamide	 was	 effective	 against	N. rutili and E. truttae,	
because	 it	 causes	 contractions	 and	 necrosis	 in	 acanthocephalans,	
along	with	mitochondrial	swelling	that	may	result	in	expulsion	of	the	
cytoplasm	out	of	the	tegument	pores	(Taraschewski	et	al.,	1990).

The	acanthocephalan	N. buttnerae of C. macropomum	presented	
slow	 movements	 only	 after	 6	hr	 of	 exposure	 to	 the	 highest	 con‐
centrations	 of	 emamectin	 benzoate,	 ivermectin	 and	 praziquantel.	
Reimschuessel	et	al.	(2011)	also	reported	that	there	was	a	tardy	re‐
sponse	after	in	vitro	exposure	of	Acolpenteron ureteroecetes	Fischthal	
&	Allison,	1940	 to	emamectin	benzoate	 and	 ivermectin.	However,	
Zhang	et	al.	(2014)	reported	an	immediate	change	in	the	movement	

F I G U R E  1  Efficacy	of	the	anthelminthics	against	
Neoechinorhynchus buttnerae of Colossoma macropomum in 6 and 
24	hr	of	exposure
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of Dactylogyrus vastator Nybelin,	1924	after	exposure	to	praziquan‐
tel.	Praziquantel	has	a	mechanism	of	action	based	on	depolarization	
of	the	tegument	of	helminth	parasites,	thus	leading	to	entry	of	cal‐
cium	 into	 the	 cells,	 hence	 causing	 immobilization,	 spasmodic	 con‐
tractions	 and	 paralysis	 (Hardy‐Smith	 et	 al.,	 2012;	 Sitja‐Bobadilla,	
Felipe,	&	Alvarez‐Pellitero,	2006;	Thomas	&	Timson,	2018;	Williams,	
Ernst,	Chambers,	&	Whittington,	2007).

To	 conclude,	 our	 results	 showed	 that	 100	mg/L	 of	 emamectin	
benzoate,	 300	mg/L	 of	 levamisole,	 4,500	mg/L	 of	 ivermectin	 and	
2,500	mg/L	of	praziquantel	had	the	highest	efficacy	against	N. but‐
tnerae.	 These	 concentrations	 can	 be	 recommended	 for	 use	 in	 the	
diet of C macropomum	 after	 previous	 evaluation	 of	 the	 toxicity.	
Therefore,	these	first	results	represent	a	great	step	forward	regard‐
ing	 integrated	 management	 for	 controlling	N. buttnerae in farmed 
C. macropomum.
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