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INTRODUCTION

Praziquantel chemotherapy has been employed to
control various internal helminth infections in mam-
mals, and has recently been used to control monoge-
nean diseases in fish by bath treatment (Schmahl &
Melhorn 1985, Moser et al. 1986, Buchmann 1987,
Schmahl & Taraschewski 1987, Schmahl et al. 1989,
Buchmann et al. 1990, Szekely & Molnar 1990, Thoney
1990, Santamarina et al. 1991). Recently, Kim et al.
(1998) and Kim & Cho (2000) reported that oral admin-
istration of praziquantel was effective in treating
Microcotyle sebastis infestations in cultured rockfish
Sebastes schlegeli.

The use of praziquantel in food fish may lead to
residues in fish tissues, and the public health authori-
ties require safe drug withdrawal periods. Compared
with the wealth of information available on the phar-
macokinetics of praziquantel in mammals (Andrews
1976, Leopold et al. 1978, Groll 1984, Bittencourt et al.
1990, Jung et al. 1991, González-Esquivel et al. 1993,
Morovján et al. 1998), only few studies have reported
on praziquantel in fish.

Concentrations of praziquantel in plasma and tissues
of fish were determined by HPLC by Xiao et al. (1983),
Rogstad et al. (1987) and Hormázabal & Yndestad
(1995). Björklund & Bylund (1987) analyzed the phar-
macokinetics of praziquantel in rainbow trout Salmo
gairdneri by means of a bioassay method using cer-
cariae of Diplostomum spathaceum as test organisms
for the drug concentrations.
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The aim of the present study was to determine
residues of praziquantel in cultured rockfish after both
oral and bath treatments. Praziquantel concentrations
were determined by reversed-phase HPLC with UV
detection at 217 nm, and diazepam was used as the
internal standard.

MATERIALS AND METHODS

Chemicals and reagents. Praziquantel (2-cyclohexyl-
carbonyl-4-oxo-1, 2, 3, 6, 7,11b-hexahydro-4H-pyra-
zino[2,1-a]isoquinoline) and the internal standard,
diazepam (7-chloro-1-methyl-5-phenyl-3H-1,4-benzo-
diazepin-2[1H]-one), were kindly donated by Shin-
poong Pharma. Co. Ltd. (Seoul, Korea). Acetonitrile for
the mobile phase and distilled water were of chro-
matographic grade (E. Merck, Germany). Standard
solutions of praziquantel were made by dilution of
stock solution with mobile phase (10 µg praziquantel
ml–1 mobile phase). The internal standard solution was
prepared by dissolving 10 µg of diazepam into 1 ml of
mobile phase.

Fish. Seventy untreated, clinically healthy rockfish
Sebastes schlegeli weighing 150 to 180 g were ob-
tained from a local rockfish farm. The fish were sepa-
rated into 2 groups (oral treatment and bath treatment)
and were acclimatized for 7 d before experiments in
flow-through 500 l aquaria. The water temperature
was 21 to 22°C and the pH was 7.0 to 7.2. The fish were
starved during both the acclimation and the experi-
mental period to avoid differences in drug kinetics
owing to differences in nutritional status.

Experimental regimen. Oral treatment: Just before
treatment, the fish were anaesthetized with methane
sulfonate salt (MS222, 150 mg l–1, Sigma, St. Louis,
MO, USA). A single dose of 400 mg praziquantel kg–1

body weight was administered orally by intubation of
the stomach. Fish were observed individually for dis-
gorgement until 10 min after drug administration.
Control fish received exactly the same treatment as
treated fish with the exception of drug application. At
3, 6, 12, 24, 48, 72, 96, 120, 144 and 168 h post-treat-
ment, 3 fish were taken randomly from the aquarium.
After anesthesia with MS222, blood was drawn from
the caudal vein and a piece of muscle tissue was col-
lected from each fish. Blood samples were centrifuged
immediately to obtain plasma. The plasma and muscle
tissue samples were kept frozen at –70°C until ana-
lyzed. Just before analysis, each muscle tissue sample
was defrosted and homogenized.

Bath treatment: Fish were bathed in an aquarium
containing a concentration of 100 mg praziquantel l–1

seawater for 4 min. During the treatment the flow-
through system was stopped and the water aerated

vigorously to maintain a high oxygen concentration
and to prevent the drug from forming a sediment. At 3,
6, 12, 24, 48, 72, 96, 120, 144 and 168 h post-treatment,
3 fish were taken randomly from the aquarium. Plasma
and muscle samples from each fish were collected as
described in oral treatment.

Chromatographic conditions: The instruments used
were a Hewlett-Packard (HP1100 Series, USA) HPLC
equipped with a QUAT pump (HP1100 Series G1311A),
an automatic gradient controller (HP1100 Series
G1324A), an injection valve fitted with a 5 ml sampling
loop, a variable-wavelength UV detector and a data
module. Analysis was performed on an ODS2 C18 col-
umn (125 × 4 mm, Hewlett Packard) with acetonitrile-
water (45:55 v/v) as the mobile phase. The column was
kept at room temperature (20 to 24°C) and the flow
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Fig. 1. Chromatograms of praziquantel (PQ) determination in
rockfish compared with diazepam as an internal standard
(IS). (a) Standard solution of 1 µg ml–1 of PQ; (b) plasma
spiked with 1 µg ml–1 of PQ; (c) plasma 9 h after oral treat-
ment; (d) plasma 48 h after oral treatment; (e) plasma 12 h
after bath treatment; (f) muscle tissue spiked with 1 µg ml–1 of
PQ; (g) muscle tissue 3 h after oral treatment; (h) muscle tissue
96 h after oral treatment; (i) muscle tissue 3 h after bath 

treatment; (j) muscle tissue 48 h after bath treatment
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rate was kept constant at 1.0 ml min–1. The detector
wavelength was set 217 nm. Between each 200 µl
injection the column was washed for 15 min in plasma
or 30 min in muscle tissue with 100% acetonitrile.

Sample preparation. Plasma: To a 1.0 ml volume of
plasma, 1.0 ml of 100% acetonitrile and 0.4 ml of the
internal standard solution were added. The sample
was allowed to stand for 10 min at 4°C, then, cen-
trifuged at 10000 × g for 10 min. The collected super-
natant was evaporated to dryness with a speed vac-
uum (Heto-Holten A/S, Copenhagen, Denmark). The
dry residue was dissolved in 1 ml of mobile phase, and
a portion of 200 µl was injected into the HPLC.

Muscle tissue: A 2 g portion of muscle tissue was
weighed into a 15 ml corning tube, and 8.6 ml of 100%
acetonitrile was added. The sample was ground using
a homogenizer (ART-Moderne Labortechnik, Mül-
heim, Germany), and then 0.4 ml of internal standard
solution was added. After it was allowed to stand for
10 min at 4°C, the sample was centrifuged at 10000 × g
for 10 min, and the supernatant was collected. The col-
lected supernatant was evaporated to dryness with a
speed vacuum. The dry residue was dissolved in 1 ml
of mobile phase, and a portion of 200 µl was injected
into the HPLC.

Calibration curves and recovery rates: Either
plasma or muscle tissue homogenate was spiked with
standard solutions of praziquantel and internal stan-
dard to yield concentrations of 0.25, 0.5, 1.0, 2.0, 4.0 µg
ml–1 praziquantel and 4.0 µg ml–1 internal standard.
Samples were prepared according to the above proce-
dure, and each concentration was assayed in triplicate.
The recovery rates were determined by comparing
results of the HPLC analysis of the spiked plasma and
muscle tissue with those of standard solutions.

RESULTS

Calibration curve and recovery rate

Chromatograms of plasma and muscle tissue homo-
genate are shown in Fig. 1. The retention times for praz-
iquantel and the internal standard were 6.08 and 7.20
min for plasma, and 6.09 and 7.08 min for muscle tissue
homogenate, respectively. A linear relation (R2 = 0.997)
was found when the ratio of the peak height of prazi-
quantel in plasma to that of the internal standard was
plotted against the concentration of praziquantel in the
range 0.25 to 4.0 µg ml–1. A linear relation (R2 = 0.990)
was obtained also for the muscle tissue homogenate. The
average recoveries of praziquantel, assessed by com-
parison of peak heights from the biological fluids with
those from standard solutions were 99.2% in plasma and
82.7% in muscle tissue homogenate (Table 1).

Oral treatment

The concentrations of praziquantel found in plasma
and muscle tissue after oral administration of prazi-
quantel are shown in Table 2, and chromatograms are
shown in Fig. 1. Following oral treatment, praziquantel
was detected in plasma and muscle tissue until 96 h
after treatment. In plasma the praziquantel concentra-
tion was highest at the 9 h sampling time and had
declined sharply at the 48 h sampling point. The con-
centrations of praziquantel in the muscle tissue were
lower than those in the plasma, and the highest value
was found at the 9 h sampling time.

Bath treatment

The concentrations of praziquantel found in plasma
and muscle tissue after praziquantel bath treatment
are shown in Table 3. Following bath treatment, prazi-
quantel was found in plasma and muscle tissue until 72
and 24 h after treatment, respectively. In plasma the
praziquantel concentration was highest at the 12 h
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Amount added Mean recovery (%)
(µg ml–1) Plasma Muscle

4.00 101.5 85.0
2.00 99.4 69.4
1.00 95.4 77.8
0.50 101.2 92.3
0.25 98.4 88.9

Average (%) 99.2 82.7

Table 1. Mean recovery of praziquantel in spiked samples 
of plasma and muscle tissue

Sampling time Plasma Muscle 
(hours after treatment) (µg ml–1) (µg g–1)

3 6.69 ± 1.33 2.49 ± 0.81
6 7.57 ± 3.36 3.82 ± 1.50
9 8.59 ± 1.83 4.20 ± 1.59

12 7.11 ± 0.05 2.51 ± 1.05
24 8.47 ± 1.23 3.61 ± 0.24
48 2.45 ± 0.92 0.22 ± 0.10
72 1.88 ± 0.42 0.08 ± 0.13
96 1.86 ± 0.42 0.06 ± 0.11

1200 nd nd
1440 nd nd
1680 nd nd

Table 2. Praziquantel in rockfish plasma and muscle tissue
samples after oral treatment with the drug at a dosage of
400 mg kg–1 body weight (3 fish per sampling time). Values 

are mean ± SD. nd: not detected
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sampling time and declined sharply thereafter. The
concentrations of praziquantel in the muscle tissue
were significantly lower than those in the plasma, and
the concentrations declined consistently with time.

DISCUSSION

Sample preparation and HPLC methods in the pre-
sent study were fast and simple for the analysis of praz-
iquantel, and showed good recovery of the drug in
rockfish plasma and muscle tissue. The recovery of
praziquantel in the study of Rogstad et al. (1987) varied
from 79 to 93% for muscle of rainbow trout. In the work
of Hormazabal & Yndestad (1995), the recovery of
praziquantel varied from 91 to 92% for plasma, and
from 99 to 100% for muscle of salmon and rainbow
trout.

Although the absorption and depletion of praziquan-
tel in rockfish in this study were slower than those in
mammals, the data were similar to those of previous
pharmacokinetic studies of praziquantel in rainbow
trout (Björklund & Bylund 1987, Rogstad et al. 1987). In
the present study, the residue concentrations of prazi-
quantel in plasma and muscle of rockfish, adminis-
tered orally at a dose of 400 mg kg–1 body weight, were
highest 9 h after treatment and were eliminated within
120 h after treatment. According to the preliminary
study of Rogstad et al. (1987), the highest residue con-
centration of praziquantel in muscle and serum of rain-
bow trout, which were given a single oral dose (10 mg
kg–1 body weight) of praziquantel, was obtained 7 h
after treatment, and no residues were found 48 h after
medication. Using a bioassay with parasitic cercariae
as test organisms for determination of praziquantel
concentrations, Björklund & Bylund (1987) reported
that the peak values of praziquantel in different tissues

(serum, muscle, liver, bile fluid, kidney) of rainbow
trout were reached 4 to 16 h after a single oral admin-
istration of praziquantel at a dose of 500 mg kg–1 body
weight and by 32 h after administration, 67 to 96% of
the maximum amounts had been eliminated from the
tissues.

Considering the sharp decrease in praziquantel con-
centration in plasma after 24 h after oral administration
in the present study, retreatment at an interval of 24 h
would be effective for eradication of Microcotyle
sebastis, a polyopisthocotylean gill parasite of rockfish.

It is known that the gill is the main route of absorp-
tion for drugs administered in water (Treves-Brown
2000). However, direct absorption via the skin cannot
be excluded. Bathing rockfish with 100 ppm of prazi-
quantel for 4 min in the present study was the same
scheme as that used in the treatment of Microcotyle
sebastis in field conditions (Kim & Cho 2000). In the
present study, praziquantel residue concentrations in
muscle of rockfish after bath treatment were about 10
times lower than those in plasma and showed a consis-
tently decreasing pattern with time. This result sug-
gests that absorption of praziquantel in rockfish follow-
ing bath treatment is largely through the gills, but a
small amount of the drug can be absorbed via skin.

Although the concentrations of praziquantel in
plasma after bath treatment were lower than those
after oral treatment in the present experimental
schemes, not only direct contact of Microcotyle
sebastis with praziquantel but also feeding by the par-
asites on blood containing the drug resulted in high
treatment efficacy of M. sebastis by bath with prazi-
quantel in the study of Kim & Cho (2000).
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