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Horsberg, T. E. and T. Hey: Tissue distribution of 14C-diflubenzuron in Atlantic
salmon (Salmo salar). Acta vet. scand. 1991, 32, 527-533. — Diflubenzuron is a
potent inhibitor of chitin synthesis, with potential use against salmon lice infesta-
tions. The absorption, distribution and elimination of the substance in Atlantic
salmon was examined after a single, oral dose of 75 mg/kg bodyweight. The kinetic
properties were studied by whole-body autoradiography, liquid scintillation coun-
ting and thin layer chromatography, using a !4C-labelled isotope of the substance.
The drug was poorly absorbed from the intestine, but reached a concentration of
more than 4 pg/g in the mucus layer of the skin 2 days after administration. If
maintained for several days, this concentration is probably sufficient to control all
moulting stages of sea lice in Atlantic salmon. The main route of excretion was via

the bile.
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Introduction

The ectoparasitic copepods, Lepeophtheirus
salmonis and Caligus elongatus, commonly
known as sea lice, cause severe and annu-
ally recurring disease problems in salmo-
nids in Norwegian fish farms.

To control these parasites, bath treatment
with the organophosphorous compounds
trichlorfon (Neguvon®) or dichlorvos (Nu-
van®) is performed. This method of treat-
ment has the drawbacks of being labour-in-
tensive, and organophosphorous compounds
have a high acute toxicity for mammals and
fish. Moreover, discharge of the chemicals
may cause undesirable environmental effects
(Egidius & Moster 1987). Considerable in-
terest has therefore been shown in finding
effective drugs which are suitable for oral
administration.

Brandal & Egidius (1977) gave trichlorfon
orally to Atlantic salmon (Salmo salar), and

not only observed effects on the degree of
parasite infestation, but also toxic reactions
to this insecticide in fish. Palmer et al
(1987) gave ivermectin orally to Atlantic
salmon and also observed effects on the sal-
mon lice infestation, as well as toxic effects
in fish. A suitable agent for oral administra-
tion must have a high margin of safety, and
in respect to this, the insect-growth regulator
diflubenzuron seemed to be an interesting
candidate. Diflubenzuron interferes with
chitin formation (Post et al 1974). It is
highly toxic for crustaceans, rendering them
incapable of detaching completely from
their exuviae during moulting. In the inter-
moult period, the effect of the pesticide
upon crustaceans is negligible. Diflubenzu-
ron has a low acute toxicity in mammals
(acute oral LDy, for rat and mice: > 4640
mg/kg) and relatively low acute toxicity in
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rainbow trout (LCsy, 96 h: 140 mg/l, Wor-
thing & Walker 1987).

Preliminary trials with oral medication of
Atlantic salmon (75 mg diflubenzuron per
kilogram bodyweight daily for 14 days) re-
vealed a significant reduction in the number
of copepods of all stages (Hoy & Horsberg
1991).

The aim of this study was to examine the
pharmacokinetic properties of “C-difluben-
zuron in Atlantic salmon after a single, oral
dose.

Materials and methods

Whole-body autoradiography

Twenty-two salmon smolts adapted to sea
water and weighing approx. 60 g were kept
in a 500 1 fibre glass tank supplied with
running water with a salinity of 32 %o at 8
+ 1°C. They were handfed a pelleted stan-
dard fish diet twice a day throughout the
experiment.

The '“C-diflubenzuron had a specific acti-
vity of 4144 MBq/g and was a gift from Du-
phar, Holland. The radiolabelled difluben-
zuron (18.38 mg) was mixed with 81.67 mg
of unlabelled diflubenzuron (technical gra-
de), and suspended in 7 ml of peanut oil.
After 21 days of adaption, each fish was
immobilized, a stomach tube was inser-
ted and 0.3 ml of the suspension was admi-
nistered. Fish (1 or 2 individuals) were
sampled for autoradiography at the follow-
ing time after administration: 2 h, 12 h, 2
days, 6 days, 10 days, 13 days, 20 days and
27 days. They were killed by an overdose of
benzocaine in water and frozen with liquid
nitrogen (-196°C). The fish were then em-
bedded in a 1 % solution of sodium carboxy-
methyl cellulose, frozen in a mixture of
n-hexane and solid CO, and subjected to
whole body autoradiography according to
the method of Ullberg (1954). Sagittal sec-
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tions (40 pum) of the whole body were cut on
a PMV cryomicrotome (PMV, 450 MP,
Stockholm, Sweden), and collected on tape
No. 821 (3M Co., St Paul, Minn., USA) at
—20°C. The sections were freeze-dried over
night, and applied on a Hyperfilm-Bmax
(Amersham, U.K.) together with a 2-fold
dilution series of a !“C-standard. The films
were exposed at —20°C for approx. 3 months
before development and production of posi-
tive pictures. The films were both visually
examined and subjected to densitometric
examination.

Liquid scintillation counting

From the remaining material, tissue samples
of approx. 10 mg were taken from blood,
brain, muscle, abdominal fat, kidney, liver,
bile, cartilage and cutaneous mucus. The
samples were digested with 1 ml Soluene
(Packard) and 200 pl 96 % ethanol at 37°C
overnight. The samples were then decolou-
red by adding 400 pul Perhydrol (Merck) fol-
lowed by 4 ml of liquid scintillation cocktail
(Hionic Fluor, Packard). The number of
disintegrations per min (DPM) in the samp-
les were recorded in a Packard Tri-Carb
1900CA liquid scintillation analyzer. The
counting efficacy was controlled by a Pac-
kard automatic 4C-quenching standard.

An estimate of the percentage of the admini-
stered drug dose present in liver, kidney,
blood and muscle at different sampling
times was calculated using the total content
of radioactivity in the organ, the weight of
the fish and the total dose of radioactivity
administered to each fish. Blood is in fish
estimated to constitute approx. 5% of the
body weight (Ellis et al. 1985). The other
organs represented averagely the following
proportions of total body weight (5 fish):
Muscle: 68 %, liver: 1.2 %, kidney: 0.9 %.
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Thin layer chromatography / phase
separation

As whole-body autoradiography and liquid
scintillation counting only detect radioacti-
vity, but do not differentiate between the
original drug and metabolites, a simple thin-
layer chromatographic study of bile at dif-
ferent times after administration was perfor-
med to get an estimate of the amount of un-
changed drug excreted via this route. Bile
from fish sacrificed after 6 h, 1 day and 4
days was collected. The bile was kept frozen
at =20°C until analyzed. It was then diluted
1:5 with methanol to achieve precipitation
of mucus and proteins, and centrifuged at
10,000 RPM for 10 min. using a Sorvall
RC2-B centrifuge equipped with a SS-34
rotor. The supernatant was collected and
methanol was removed under a gentle
stream of nitrogen. No further purification
of the bile was carried out. Aliquots of 10 pl
were applied to pre-coated TLC plates (Sil
G-25 UV,s, Machery-Nagel, Diiren, W. G.)
together with a standard of '“C-diflubenzu-
ron and a non-labelled standard. The TLC-
plates were developed in a solvent system of
benzene:dioxane:acetic acid 90:30:1 as de-

SKIN

scribed by Ivie et al. (1980). The plates were
first examined under ultraviolet light to de-
termine the Rf-value of the cold standard.
They were then exposed to a Kodak XAR-5
film (Eastman Kodak Co., Rochester N.Y.,
USA) for 3 weeks at =70°C. The films were
developed, and the areas on the TLC-plates
corresponding to spots on the film were
scraped off with a scalpel into liquid scintil-
lation vials. Five ml of liquid scintillation
cocktail was added, and the samples were
subjected to liquid scintillation counting.

To determine the amount of water soluble
metabolites in the bile, the separation of
radioactivity in the bile samples between a
water phase and an isooctane phase was per-
formed. Ten pl bile was diluted with 40 pl
0.1 M acetate buffer pH 5, after which 450
ul distilled water and 500 pl isooctane (E.
Merck, Darmstadt, W.G., analytical quality)
were added. The samples were mixed for 10
min. on a whirl-mixer and centrifuged. 300
ul of each phase was collected and 10 ml of
liquid scintillation cocktail was added before
subsequent analysis in the liquid scintilla-
tion counter.

SUBCUTANEOUS FAT

KIDNEY

STOMACH BILE

Figure 1. Tissue distribution of 4C-diflubenzuron and metabolites 12 h after oral administration of 4.3
mg diflubenzuron (3.3 Mbq) to an Atlantic salmon smolt.
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Figure 2. Tissue distribution of 14C-diflubenzuron and metabolites 2 days after oral administration of 4.3
mg diflubenzuron (3.3 Mbg) to an Atlantic salmon smolt.

Results

Whole body autoradiography

Two h after administration, most of the
radioactive material was present in the sto-
mach and pyloric caeca. A slight degree of
absorption could, however, be observed,
with the highest concentrations in cartilage
tissue in the head.

After 12 h, most of the administered radio-
activity was still present in the intestinal
contents. Relatively high concentrations

could, however, be observed in the liver,
kidney, brain, bile, fat and cartilage. Acti-
vity in the cutaneous mucous layer could
also be demonstrated. The activity in bile
was high, indicating the biliary route to be

LOWER INTESTINE

the major excretion pathway of the drug
(Fig. 1).

In all samples taken later, a lower degree of
radioactivity was registered in the tissues.
The highest activity apart from that in in-
testinal content and bile, was recorded in the
fatty tissues and cartilage, as seen in the
autoradiogram from the samples taken 2
days after administration (Fig. 2).

Later on, the activity in all tissues diminis-
hed, except in bile, liver and intestinal con-
tents. The activity in the intestinal contents
during the later stages was probably due to
bile being released into the intestine, as seen
on the autoradiograms from 10 days after
administration (Fig. 3).

LIVER
BILE

Figure 3. Tissue distribution of !4C-diflubenzuron and metabolites 10 days after oral administration of
4.3 mg diflubenzuron (3.3 Mbq) to an Atlantic salmon smolt.
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Figure 4. The concentration of diflubenzuron
and/or its metabolites in cutaneous mucus, blood
and muscle at different intervals after oral admini-
stration of 4.3 mg diflubenzuron (3.3 Mbgq) to
Atlantic salmon smolts.

Liquid scintillation counting

The amount of diflubenzuron or its metabo-
lites (ug/g) in different tissues is presented in
Figs. 4 and 5. The results are in agreement
with the visual and densitometric evaluation
of the autoradiograms.
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Figure 5. The concentration of diflubenzuron
and/or its metabolites in liver, kidney and abdo-
minal fat at different intervals after oral admini-
stration of 4.3 mg diflubenzuron (3.3 Mbq) to
Atlantic salmon smolts.
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Figure 6. The percentage of the administered
dose present in muscle, liver, kidney and blood at
different intervals after oral administration of 4.3
mg diflubenzuron (3.3 Mbq) to Atlantic salmon
smolts.
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Of particular interest is the achieved con-
centration of more than 4 pg diflubenzuron
or metabolites per gram in the cutaneous
mucus layer 2 days after administration.

The concentration of radioactivity in brain
and cartilage was highest 12 h after admini-
stration. The levels corresponded to 13.8
pg/g in brain, and 10.9 pg/g in cartilage. The
levels later subsequently dropped.

In bile, high and fluctuating concentrations
of diflubenzuron and/or metabolites was
detected. The concentration fluctuated be-
tween 275 and 1066 ug/g the first 10 days
after administration, then suddenly dropped
to less than 4 pg/g for the rest of the period.
The calculated percentage of the administe-
red dose which was present in muscle, liver,
kidney and blood is presented in Fig. 6. The
results show that the highest amount of ra-
dioactivity in blood, muscle, liver and kid-
ney could be detected 12 h after administra-
tion. Approx. 3.7 % of the administered dose
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Table 1. The percentage of radioactivity in spots
with the same Rf-value as the standards (Rf 0.88)
as determined by thin layer chromatography of
bile. The percentage radioactivity in bile derived
from water soluble and isooctane soluble metabo-
lites.

% activity % activity % activity
Rf0.88 water phase isooctane phase
6h 39 37 63
1 day 2 95 5
4 days 2 98 2

was present in these organs and tissues at
this time point, indicating that diflubenzu-
ron is poorly obsorbed from the intestine.

Thin layer chromatography / phase
separation

The results are presented in Table 1. The
Rf-value of both the unlabelled and labelled
diflubenzuron standards was 0.88 in the
chromatographic system described. Six h
after administration, 39 % of the radioacti-
vity present in the bile had the same Rf-
value as the standards, this dropping to only
2 % in samples taken 1 and 4 days after ad-
ministration. In these latter samples, most of
the radioactivity was present at the origin.
The phase separation study showed that a
substantial fraction of the radioactivity in
bile of fish taken 6 h after administration
was soluble in the organic phase, while in
the later samples, most of the radioactivity
consisted of more polar compounds which
were found in the water phase.

Discussion

The absorption of diflubenzuron from the
intestine seemed to be rather poor. Only
3.7 % of the administered dose was detected
in blood, muscle, liver and kidney 12 h after
administration. This was the sampling time
when the highest total level of radioactivity
could be detected in these organs/tissues.
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The total level of radioactivity might, how-
ever, have been higher at another time
point, as the next samples for autoradio-
graphy and scintillation counting were taken
as much as 36 h later.

Though the present results point to a rather
poor intestinal absorption, up to 4 pg/g di-
flubenzuron or metabolites were detected in
the mucus layer of salmon after the single,
oral dose of 75 mg/kg. Although the actual
LCs, towards different stages of sea lice has
not been determined, it is likely that the
concentrations achieved are sufficient to
interfere with chitin formation in these spe-
cies. This assumption is based on the con-
clusion of Cunningham (1986), who re-
viewed a number of publications dealing
with the toxicity of diflubenzuron towards
freshwater and estuarine crustaceans. The
author concluded that diflubenzuron was
toxic to larvae of some species subjected to
chronic exposure tests in concentrations be-
tween 0.1 and 0.5 ng/ml.

High and fluctuating concentrations of xeno-
biotics and their metabolites in bile, as ob-
served in this study, is commonly seen in
fish (Lech et al. 1973). Bile seems to be an
important excretory pathway for many sub-
stances. The fluctuations may be explained
by different rates of biliary excretion be-
tween individual fish. Bile is released into
the intestine when feed passes through the
gut. The feeding intensity of individual fsh
might therefore influence on the concentra-
tion of the xenobiotic or its metabolites in
the bile.

The thin-layer chromatographic study indi-
cated that diflubenzuron was rapidly meta-
bolized to more polar compounds. However,
39 % of the radioactivity present in the bile
6 h after administration had the same Rf-
value as the diflubenzuron standards, and
most probably represented the unchanged
drug. This indicates that a substantial part
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of the radioactivity present in the body
during the first hours after administration
was due to the parent substance, and not its
metabolites.

The phase separation study confirmed that
after 6 h, most of the radioactivity was pre-
sent in the organic phase, while at 1 and 4
days after administration, most of the ra-
dioactivity derived from water soluble meta-
bolites.

Due to the high toxicity of diflubenzuron
towards crustaceans, environmental effects
must be considered in further studies on this
substance or other inhibitors of chitin for-
mation.
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Sammendrag

Fordeling av 14C-diflubenzuron i vev hos

atlantisk laks (Salmo salar).

Diflubenzuron er en potent hemmer av kitinsyn-
tese med potensiell anvendelse mot lakselusin-
festasjoner. Oppsuging, vevsfordeling og utskillelse
av substansen ble undersgkt i atlantisk laks etter
en enkelt, oral dose pd 75 mg/kg kroppsvekt. De
farmakokinetiske egenskaper ble undersokt ved
hjelp av helkroppsautoradiografi, vaskescintilla-
sjonstelling og  tynnskiktkromatografi.  En
14C-merket isotop av substansen ble benyttet i
undersgkelsen. Oppsugingen fra tarmen var dérlig,
men det ble oppnadd et nivd pa mer enn 4 pg/g i
hudens slimlag 2 dager etter dosering. Dersom
denne konsentrasjonen opprettholdes over flere
dager, er den sannsynligvis tilstrekkelig til & gi
terapeutisk effekt pa de av lakselusas utviklings-
stadier som gjennomgar skallskifte. Utskillelsen
var hovedsakelig via gallen.
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