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ABSTRACT: The toxicity and histopathology of ivermectin was studied in 3 and 35 g sea bass Dicen-
trarchus labrax L. following in-feed, oral intubation and injection administration at dose rates rang-
ing from 0.5 to 3.5 mg kg~!. Estimated LDs, values for 3 g fish were 0.335 and 0.106 mg kg~! follow-
ing oral intubation and injection administration respectively, for fish reared at 11°C; and 0.839 and
1.023 mg kg™ following oral intubation and injection administration, respectively for fish reared at
20°C. For 35 g fish reared at 11°C, the estimated LDy, was 0.523 and 0.361 mg kg! following oral
intubation and injection administration respectively. No signs of toxicity were observed when the
compound was administered via the feed at 0.5 and 0.7 mg kg™!. However, toxicity (> 10%) was
observed at dose rates of 0.2 mg kg™! and higher when the compound was administered via oral intu-
bation and at 0.5 mg kg~! when administered via injection. The compound was significantly more
toxic to fish reared at 11°C than at 20°C. Further, ivermectin was more toxic to 3 g than to 35 g sea
bass when administered via injection. Histopathological examination of the major organs revealed
pathology was largely restricted to gills and intestinal tissue. In 3 g sea bass, lesions were also found
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in the kidneys.
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INTRODUCTION

Ivermectin is primarily used to control infections of
ectoparasitic copepods or sea lice (Caligus sp. and Lep-
eophtheirus salmonis) in salmonids and has been used
commercially in cage farms in several countries includ-
ing Ireland (Palmer et al. 1987, Smith et. al. 1993),
Scotland (Roth et al. 1993), Canada (Stephen & Iwama,
1997) and Chile (Gonzalez pers. comm.) and possibly
others (Palmer et al. 1997). Ivermectin has also suc-
cessfully been used for the treatment of other parasitic
copepods such as Ergasilus labracis in Atlantic salmon
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parr (O'Halloran et al. 1992) and Lernea spp. infections
in goldfish (Hyland & Adams 1987). Recently, copepod
and isopod infestations have been reported in cultured
marine fish in the Mediterranean region (Athanas-
sopoulou et al. 2001). High mortalities have been
recorded through the isopod parasite Anilocra
physodes and, to a lesser extent, the copepods Caligus
spp. and Lernanthropus kroyeri in juvenile cage-
reared sea bass and sea bream Sparus aurata L.
(Theohari et al. 1997, Athanassopoulou et al. 2001).

In clinical trials, ivermectin has been found to be
highly efficacious in the control of copepod and isopod
infections in sea bass when administered orally at a dose
rate of 0.5 mg kg~! (Athanassopoulou et al. 2001). While
there are several studies on the toxicity of ivermectin to
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salmon (Hoy et al. 1990, O'Halloran et al. 1992, Johnson
etal. 1993, Smith et al. 1993, Kilmartin et al. 1997, Palmer
et al. 1997) and rainbow trout (Halley et al. 1989) this
data is largely restricted to salmonids and does not in-
clude fish cultured at warmer temperatures.

The purpose of this present study was to assess the
toxicological and histopathological effects of iver-
mectin in young sea bass reared under both commer-
cial and experimental conditions.

MATERIALS AND METHODS

In-feed experiment. Acclimatization, diet prepara-
tion and feed analysis were as follows:

Fish: From single farm, 400 sea bass Dicentrarchus
labrax weighing approximately 3.0 g were obtained
and divided into 4 equal groups of 100 fish each. Each
group was put into separate experimental cages mea-
suring 2 ¥ 2 m and placed at the far end of the farm site
for dosing at the rates given in Table 1. Fish were accli-
matized for 7 d before the start of the experiment and
starved for 3 d before receiving the medicated diets to
ensure maximum uptake of the drug. Mortalities were
recorded daily for a period of 113 d. The trial was car-
ried out at 20°C, 30% S and 8.4 pH. The doses,
schemes, feeding rates and sampling intervals are
given in Table 1.

Four days prior to the start of the experiment, 50 fish
were sampled from the same source population for
bacteriological and parasitological examination. Kid-
ney and spleen samples were inoculated onto tryptone
soy agar (TSA) and thiosulphate citrate bile salt agar
(TCBS) for bacteriological examination according to
the methods described by Roberts & Shepherd (1997).

Squash imprints of the gill, skin, gall bladder, liver,
spleen, kidney, muscle, brain and gut tissue from
freshly killed fish were examined for the presence of
parasites according to the methods described by
Roberts (1989).

Preparation of diets: Ivermectin used was in the
form of a 1.0% w/v veterinary injectable solution
(Valaneq® Agvet). The solution was diluted in cod liver
oil and top-coated onto a commercial feed with a
mechanical mixer. Control fish were fed the same diet
mixed with the same quantity of cod liver oil. The diets
were freshly prepared before feeding to the fish and
were fed ad libitum weekly by hand.

Feed analysis: The levels of ivermectin in treated
diets were confirmed by the method of Doherty et al.
(1990) at the Toxicology Department of the National
Agricultural Research Foundation, Athens, Greece.
The doses referred to in the paper are the targeted
doses.

Oral intubation experiments. Because the parent
compound was not available, 2 experiments were set
up: in the first, ivermectin used was in the form of a
1.0% w/v veterinary injectable solution (Valaneq®
Agvet). In the second experiment, only the carrier of
the commercial compound was used in the same way
as in the first experiment. Four separate experiments
were carried out using the intubation protocol.

In the first experiment, 200 sea bass weighing ap-
proximately 35 g were acclimated in one large experi-
mental tank for 60 d; 20 fish were sampled from this
population for microbiological and parasitological
examination as described for the in-feed experiment.
Following the acclimation period, the fish were equally
divided between a number of open flow-through sys-
tem experimental tanks (1.8 ¥ 1 m) according to the ex-

perimental design shown in Table 2.

Table 1. Experimental conditions and protocols of ivermectin trials in 3 g sea In the second experiment, the same
bass. sid: single dose (administered only once); *: dose administered once a protocol was used, but with fish

week over a period of 4 wk

weighing approximately 3.0 g. These

fish were equally divided between a

Parameter —— Method of administration —— number of open flow-through experi-

In feed Intubation Injection tal tanks (1.8 ¥ 1 di t

(cages) (cages) (tanks) (cages) (tanks) menta aI_l s (1. m) a.CCOI ng to

the experimental design in Table 1.

No. of fish per 100 100 60 100 100 Temperature, salinity and pH were

cage or tank 11°C, 25%0 and 8.2 respectively, for

Temperature (°C) 20 20 11 20 11 experiments 1 and 2.

Dose regime 0.5 wk¥4* 3.5sid 3.5sid 0.7sid 0.7sid For the third eXperiment, 700 sea

(mg kg~! fish) 0.5 2.5 2,554 0.5 0.5 bass weighing approximately 3.0 g,
0.751d 1.551d 1.551d 0.351d OA3Sld . . .

1 0sid 1 osid 0.25id 0.25id obtained from a single population,

0,554 0,554 0,151 0.151d were transferred to seven 3 ¥ 3 m

0.055%¢  0.05%¢  0.05%¢  0.05% experimental cages situated at the far

Sampling 24,8,1522, 2,714, 2,714, 27,14, 2,7,14, end of the farm site; each contained

(Days) 30,45,60,113 30,40 30,40 30,40 30,40 100 fish (Table 1). Four days prior to

Length of experiment (d) 113 40 40 40 40 the experiment, 50 fish underwent a

full microbiological and parasitologi-
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Table 2. Experimental conditions and protocols of ivermectin
trials in 35 g sea bass. sid: single dose

Parameter Intubation Injection
(tanks) (tanks)
No. of fish per tank 25 25
Temperature (°C) 11 11
Dose regime (mg kg™! fish) 3,551 0.751¢
2.5514:1 0'55id
1‘5$id 0_3sid
0.2514:1 O.ZSid
O.lsid _
O.OSSid _
Sampling (Days) 2,7,14,30,40  2,7,14,30,40
Length of 40 40
experiment (d)

cal examination using the protocols described for the
in-feed experiment. Temperature, salinity and pH
were 20°C, 32%o and 8.9 respectively.

In the fourth experiment, 25 fish were intubated with
the carrier at the levels used for the highest dose of the
second experiment. All other conditions were similar to
that experiment.

All fish were acclimatized for 6 d prior to the begin-
ning of the experiments. Plastic catheters were fash-
ioned into stomach tubes and used to administer iver-
mectin by oral gavage. Each dose contained 0.1 ml of
sterile saline containing the appropriated amount of
ivermectin (as Valaneq®) which was administered to
the fish after slight anaesthesia with dimethyl-ether.
All fish were observed for 5 to 10 min after intubation
for regurgitation. Dose rates for the intubation experi-
ments are given in Tables 1 & 2.

Injection experiments. Handling, histology and sta-
tistical analysis were as follows:

Fish: The same protocols were used for the injection
experiments as for the oral intubation experiment. Fish
were anaesthetized with dimethyl-ether, weighed and
injected intra-peritoneally (i.p.) with 0.1 ml of sterile
saline containing the appropriate amount of ivermectin
(as Valaneq®). Dose rates for the injection experiments
are given in Tables 1 & 2; 25 fish were also injected
with the carrier at levels used for the highest dose of
the i.p. experiment. All other conditions were similar to
that experiment.

Histology: In each experimental tank, 10 % of the fish
were processed histologically. Tissues of gills, intestine,
liver, spleen, stomach, swim bladder and brain were
fixed in 10 % buffered formalin, processed and stained
with haematoxylin and eosin (H&E) and Giemsa stains
according to the methods described by Drury & Walling-
ton (1980). Parasitological examination was performed
according to the methods described by Roberts (1989),
Athanassopoulou (1990) and Yamaguti (1963).

Statistical analysis: LD5, values and 95 % confidence
intervals were estimated by probit analysis. Cumula-
tive mortality 40 d post-administration was used as the
end point for the LD;, estimations. Temperature and
fish weight effects were compared for pooled data, for
40 d cumulative mortality frequencies, using a chi-
square statistic with Yates correction for continuity
(Zar 1984).

RESULTS
In-feed experiments

The results of the feed analysis are shown in Table 3,
and indicate that only a small percentage of the drug
was lost by the manual mixing. No abnormal clinical
signs, inappetance or mortalities were observed during
the period of this experiment in any of the cages, and
therefore the LD5, was not estimated.

Oral intubation and injection experiments
Oral intubation
Cumulative mortality for each intubation treatment is

given in Fig. 1. Overall, toxicity was observed 2 d from
administration with the exception of the 35 g fish treated

Table 3. Results of feed analysis following medication with
ivermectin. sid: single dose (administered only once); *: dose
administered once a week over a period of 4 wk

Feeding regime Ivermectin (mg per 100 g feed)
In diet Recovered (%)
0.5 wk ¥4 (cages)*d 0.09 0.075 (83 %)
0.5 wk ¥ 1 (cages)* 0.09 0.08 (88.8%)
0.7 wk ¥ 4 (cages) 0.12 0.095 (79 %)

Table 4. Toxicity of ivermectin in sea bass after administration
viadifferent routes. LDs, values based on 40 d cumulative

mortality
Fish wt (g) Temp.  No. fish/ LDso 95% CI
(°C) conc.  (mg kg™
Intubation
3 20 100 0.839 0.628 1.121
3 11 60 0.335 0.299 0.375
35 11 25 0.523 0.340 0.805
Injection
3 20 100 1.023 0.739 1415
3 11 100 0.106 0.083 0.136
35 11 25 0.361 0.284 0.458
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Fig. 1. Dicentrarchus labrax. Cumulative mortality of sea bass
following administration of ivermectin by oral intubation
(A) 3 g fish, 20°C; (B) 3 g fish, 11°C; (C) 35 g fish, 11°C

with 0.25 mg kg~! and the 3.0 g fish (11°C) treated with
0.4 and 0.5 mg kg™!, in which some delayed signs of
toxicity were noted. Toxicity to 3.0 g fish reared at 11°C
was statistically greater than to 3.0 g fish reared at 20°C
(c? = 34.7; p < 0.0001) (pooled data for 0.1, 0.5, 0.7, 2.5
and 3.5 mg kg™!). However, the difference in toxicity
between 3.0 g fish and 35 g fish reared at 11°C was not
statistically significant (c%=2.53; p <0.1118) (pooled data
for 0.1, 0.5,2.5and 3.5 mg kg™).

IP injection

Cumulative mortality for each injection treatment is
given in Fig. 2. Similar to the intubation toxicity results,

toxicity was general apparent within 2 to 3 d from the
start of treatment. A notable exception was the 3.0 g
fish reared at 20°C, which displayed a more delayed
response. Toxicity to 3.0 g fish reared at 11°C was sta-
tistically greater than to 3.0 g fish reared at 20°C
(c? = 364.5; p < 0.0001) (pooled data for 0.05, 0.1, 0.2,
0.3, 0.5 and 0.7 mg kg!). In addition, the drug was
found to be significantly more toxic to 3.0 g fish than to
35 g fish reared at 11°C (c% = 63.7; p < 0.0001) (pooled
data for 0.2, 0.3, 0.5 and 0.7 mg kg’l).

Histology
No histopathological lesions were observed in any of

the organs of all samples of the control fish or the
organs of the fish injected or intubated with the carrier.
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Fig. 2. Dicentrarchus labrax. Cumulative mortality of sea bass
following administration of ivermectin by i.p. injection. (A) 3 g
fish, 20°C; (B) 3 g fish, 11°C; (C) 35 g fish, 11°C
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Fig. 3. Dicentrarchus labrax. Va-

cuolization of the epithelium of

mucosa in 3 g fish after adminis-

tration of ivermectin by oral in-

tubation (1.5 mg kg'). H&E
(¥400)

Oral intubation: The 3.0 g fish given doses of 1.5,
2.5 and 3.5 mg kg~! ivermectin by intubation showed
marked pathology in the intestine, kidneys and gills.
Intestinal tissue displayed necrosis, sloughing and
intense vacuolization of the epithelium of the mucosa
(Fig. 3) in all fish examined 96 h post administration
and onwards. A focal necrosis in the renal
parenchyma was observed in 3 fish from the Day 7
sample of the 3.5 mg kg™' treatment (Fig. 4), and

Fig. 4. Dicentrarchus labrax. Ne-

crotic lesion in the renal paren-

chyma of 3 g fish after adminis-

tration of ivermectin by oral

intubation (1.5 mg kg™!). H&E
(¥400)

slight protein deposition in 2 fish from the Day 14
sample. No similar lesions were observed in other
samples. The pathology of the gills was similar in all
cases and consisted of oedema, necrosis of epithelial
cells and sloughing of the secondary lamellae
(Fig. 5). In larger fish (35 g) the lesions in the
intestine were similar but not as extensive. No
pathology was observed in the kidneys or in any of
the other organs of the larger fish.
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IP injection: In 3 g fish injected with ivermectin at
doses of 0.8 and 0.7 mg kg™! both in tanks and in cages
pathology was prominent in the intestine and gills. The
intestinal and gill lesions were similar to those
described above for fish treated by oral intubation.
Similar lesions were seen also in 35 g fish injected with
0.7 mg kg~! ivermectin. The pathology of the internal
organs appeared on the seventh day of sampling and
was consistent in all fish and samples up to the Day 14
sample. The gill lesions were observed up to the 40 d
post-treatment sample.

DISCUSSION

There is little information available concerning the
toxicity of ivermectin in non-salmonid species. When
administered by injection at a dose rate of 0.2 mg kg™?,
ivermectin was found to be highly toxic to mottled
sculpins, Cottus bairdi (Heckman 1985), and eels
Anguilla anguilla (Taraschewski et al. 1988), but not to
channel catfish Ictalurus punctatus (Lorio 1989) or gold
fish (Hyland & Adams 1987). This is the first report on
the toxicity of ivermectin to sea bass.

In salmonids, the fish group in which ivermectin is
most commonly used, the drug has been tested mainly
in fish infected with sea lice (Lepeophtheirius salmonis
and Caligus elongatus). There has been some concern
expressed in the literature concerning the safety of oral
ivermectin therapy for the target species (Kilmartin et

Fig. 5. Dicentrarchus labrax.

Sloughing of primary and sec-

ondary lamellae of gills in 3 g

fish treated with ivermectin by

i.p. injection (0.7 mg kg™!). H&E
(¥200)

al. 1997). Palmer et al. (1987) showed that feeding
Atlantic salmon Salmo salar ivermectin at a dose rate
of 0.4 mg kg™! resulted in a 17 % mortality in treated
fish compared with 3.6 % in untreated fish. Smith et al.
(1993) conducted several trials taking into considera-
tion these aspects of ivermectin metabolism in their
clinical designs, and reported that, with the exception
of an accidental overdose (a single dose of 0.75 mg
kg™! resulting in 26 % mortality) that occurred in one
trial, no abnormal behavior or death was observed.
The results of the present study, which showed the
toxicity of ivermectin to 35 g sea bass reared at 11°C,
and 3 g sea bass reared at 11 and 20°C, are in general
agreement with studies of Kilmartin et al. (1997) on
Atlantic salmon of 50 g reared at similar temperatures.
These authors reported LDs, values of 0.3 mg kg™! in
brown trout Salmo trutta following i.p. injection and
0.5 mg kg™! in Atlantic salmon S. salar following oral
intubation. While the results reported in the present
study were calculated based on 40 d mortality fre-
quencies, overall little change in mortality was ob-
served after 4 d in most of the trial. In the case of the
35 g fish reared at 11 °C , the mortality results were
unchanged from Day 4 (96 h) to Day 40. Similar to the
observations in the present study, Palmer et al. (1997)
reported increased toxicity in Atlantic salmon follow-
ing treatment with ivermectin at temperatures below
10°C. Itis possible that slower metabolic detoxification
due to colder water temperature may allow the drug to
sequester in the brain and other central nervous tissue,
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resulting in increased toxicity (Hoy et al. 1990). How-
ever, toxicity was markedly reduced in the present
study when the compound was administered via the
feed at dose rates of 0.5 to 0.7 mg kg!; this may reflect
lower toxicity due to the relatively higher water tem-
perature (20°C) at which the in-feed trials were carried
out. It is likely that toxicity in the feed trials was lower
than in the intubation and injection trials due to
reduced bioavailbility following incorporation into the
feed (Halley et al. 1989).

Histopathology was indicated at the higher dose lev-
els in tissues other than central nervous tissue (gills,
kidneys and intestines); this may indicate that other
acute toxicological processes were taking place. Pal-
mer et al. (1997) noted similar tissue pathology in mori-
bund Atlantic salmon, namely odematous gills, hepatic
necrosis and protein deposition in the kidney tissue.
However, these authors also noted that secondary res-
piratory and osmotic problems might have been impli-
cated. Since neither mortalities nor pathological changes
were observed in fish intubated or injected with only
the carrier in the present study, it is reasonable to
assume that the toxicity and pathological changes
observed in the sea bass were due to the compound
(ivermectin) and not to the carrier. This is the first
report of the pathological effects of ivermectin on sea
bass and, in general, the first report on ivermectin
pathology related to fish size.

An alternative hypothesis is that sea bass have a
higher tolerance to ivermectin than salmonids. John-
son et al. (1993) studied the pathological effects of var-
ious doses of the drug administered orally every sec-
ond day to different species of salmonids and found
that the species differed in their ability to tolerate iver-
mectin, with coho salmon Oncorhynchus kisutch being
the most tolerant, followed by chinook O. tshawytscha
and Atlantic salmon. It should be noted however that
some of these fish were of different weight, and the
experiments were not run at the same temperatures.

While noting that salmon are susceptible to toxic
effects from ivermectin, Smith et al. (1993) and Kilmartin
et al. (1997) speculated that overuse of the drug is effec-
tively under its own negative control, as farmers who use
too much ivermectin will kill their fish. They concluded
that ivermectin remains a good alternative for the in-
feed treatment of fish parasites. Given that sea bass are
a warm-water species normally cultured in areas where
the water temperature is above 14°C for most of the year,
and that ivermectin appears to be less toxic at higher
temperatures, we suggest that ivermectin may provide a
safe and efficacious chemotherapeutic alternative for
parasite control in sea bass. However, fish health
practitioners considering the use of ivermectin should
note that the drug has not been approved or registered
for use in fish in any country to date.
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