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ABSTRACT

Pharmacokinetics and residue elimination of streptomycin sulfate (STR) are important in the determination of optimal
dosage regimens and in establishing safe withdrawal periods in farmed fishes. The pharmacokinetics of STR was stud-
ied after a single dose (50 mg/kg) of intramuscular (i.m.) or oral gavage (p.o.) administration to Japanese eel (4dnguilla
Jjaponica) in freshwater at 25°C. Eight fish per sampling point were examined after treatment. Plasma and muscle were
collected and analyzed by high-performance liquid chromatography (HPLC) method with 0.05 pg/ml detection limit.
The data of pharmacokinetics conformed to the two-compartment open model for intramuscular and one-compartment
open model for oral administrations. After intramuscular administration, the elimination half-life (t,,3) was calculated
to be 11.346 h, the maximum plasma concentration (Cp.) to be 29.524 pg/ml, the time to peak plasma streptomycin
concentration (Tp,,,) to be 0.218 h, and the area under the plasma concentration-time curve (AUC) to be 90.206 pg/ml-h.
Following p.o. administration, the corresponding estimates were 13.239 h, 0.346 pg/ml, 11.960 h, and 12.356 pug/ml-h.
After intramuscular administration, a therapeutic concentration of the drug was maintained for 12 hours in the plasma,
however, a therapeutic level could not be achieved after oral administration, and the results suggest that the drug can be
used clinically by intramuscular administration against streptomycin susceptible systemic infections in Japanese eel.
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1. Introduction residue elimination studies are important in determina-
tion of optimal dosage regimens and in establishing a
safe withdrawal time. The PK of STR has been studied
extensively in many animal species, including camels [2],
buffaloes [3], dog [4], horse [5], goat [6], and human
being [7]. To the best of our knowledge, no data on STR
PK and residue elimination in Japanese eel are available.
The objective of the present study was to obtain informa-
tion on the PK and residue elimination of STR for Japan-
ese eel, and to determine reasonable dosage regimens of
the drug in Japanese eel.

Streptomycin sulfate (STR) is an aminoglycoside antibi-
otic widely used in medical and veterinary practices to
treat infections from gram-negative bacteria and is now
used in export eel farming as a chemotherapeutic agent in
China. However, incorrect use of this drug can lead to
the presence of residues of this drug and may lead to di-
rect toxic effects on consumers, allergic reactions of those
sensitive to the antibiotics or may indirectly cause prob-
lems through the induction of resistant strains of bacteria
[1].

Japanese eel (Anguilla japonica) is one kind of the
most economically important freshwater fishes in China
and have become a consumer and farmers’ favorite for its
nutritional value, taste, strong adaptability, and efficient
growth. However, bacterial disease resulted in huge
losses in recent years; drug residue problems have now

2. Materials and Methods
2.1. Chemicals

Streptomycin sulfate (712 U/mg, No. k0051201) were
purchased from China Institute of Veterinary Drug Con-

become serious owing to the increasing and unreasonable
use of the drug. Therefore, pharmacokinetics (PK) and
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trol, acetonitrile, methanol, perchloric acid, ammonium
ferric sulfate, sodium 1-heptanesulfonate were of HPLC
or analytical grade.
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2.2. Fish

Clinically healthy Japanese eel, weighing 954 £ 5.2 g,
were obtained from aquatic fry farm of Zhejiang Institute
of Freshwater Fisheries in China and maintained in
ponds (1 m®), supplied with circulating water and oxygen
continuously by an inflation pump. The water tempera-
ture was maintained by circulating water system (Shang-
hai Haisheng Company) at 25°C = 1°C. The fish were
allowed to acclimate for three days, fed a drug-free com-
mercial diet. The fish had no previous exposure to any
antibiotic, and no drugs were given to the animals during
the acclimation or study periods. To rule out the influ-
ence of food content on the absorption of STR, the fish
were starved for 24 h before drug administration.

2.3. Standard Calibration Curve

Working calibration curves were prepared at concentra-
tions of 0.25, 1.25, 2.5, 6.25, 12.5, 25, 125 and 250 pg/ml
was drawn by plotting the known STR concentrations
against the average peak area. The STR concentrations in
unknown samples were calculated from the standard
curves.

2.4. Dosing and Sampling

Japanese eel were divided randomly into two groups for
i.m. and oral administrations, respectively. The STR so-
lution for i.m. (50 mg/ml) and oral (50 mg/ml) was pre-
pared by dissolving the pure STR powder in distilled
water. Individual fish was injected with STR solution at
the dorsal fin (i.m.) or drenched with STR solution with
gavage needle (p.o.) at the dose of 50 mg/kg (b.w.). The
blood samples were taken from tail sinus of eight fish at
0.25,0.5,1,3,6,9, 12, 18, 24, 48,72, 120, 168 h, 5, 7, 9,
12, 15 d after i.m. and p.o. treatment, respectively. All
samples were immediately frozen and stored at —20°C
until analysis.

2.5. STR Analysis Protocol

To 15 ml graduated plastic-stoppered centrifuge tubes
was added 1 ml plasma (1 g of ground tissue) sample and
5 ml of perchloric acid. Each sample was whirlmixed for
5 min and then centrifuged for 15 min at 5000 rpm. The
remaining tissue pellet in the centrifuge tube was ex-
tracted again for another two times, the supernatant were
combined and transferred to another plastic-stoppered
centrifuge tube and adjusted to pH 2.4 with perchloric
acid, 5 ml of 0.2 M Sodium 1-heptanesulfonate was
added to each tube, then were transferred to Bond Elute
C-18 solid-phase extraction columns pre-washed with
methanol (10 ml) and distilled water (30 ml), and al-
lowed to run dry for at least 2 min. STR was eluted from
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C-18 column with 10 ml methanol. The methanol eluate
was collected and evaporated under reduced pressure in a
vacuum rotary evaporator for the complete removal of
solvents. The dried eluate were dissolved in 200 ul dis-
tilled water, 80 pl of 0.05 M NaOH were added and
mixed for 1 min, then standing at 65°C for 1 h, 40 pul of
0.2% ammonium ferric sulfate were added when the so-
lution temperature were 25°C, and diluted to 500 pl with
distilled water. An aliquot (20 pl) of the diluted sample
was analyzed with HPLC (Agilent XDB-Cyg, 5 um, 4.6
mm x 250 mm). The mobile phase of acetonitrile 0.2%
sodium 1-heptanesulfonate (20:80, v/v) was filtered through
a 0.45 pm millipore filter and degassed using sonication
(5 min). The column was operated at 30°C. Flow rate
was adjusted to 0.3 ml/min and the eluate was monitored
at 330 nm.

2.6. Detection Limit and Recovery Percentage

The detection limit is defined as the concentration of
STR in Japanese eel tissues, which can produce a HPLC-
UV signal that is three times greater than the signal-to-
noise ratio.

2.7. Method Validation

The method was validated for plasma and muscle. The
linearity, recovery, accuracy and precision were evalu-
ated by analysis of the samples spiked with 50, 10, 5 and
1 pg/ml STR. Recovery was calculated by comparing the
peak area of STR from processed samples with that from
the STR standard in the mobile phase. The accuracy was
determined by comparing the measured concentration
with its true value. The limit of detection (LOD) of STR
was defined as the STR concentration resulting in a peak
height three times the signal noise.

2.8. Pharmacokinetics Analysis

Pharmacokinetic analysis was performed by the com-
puter program 3P97 (version 1.0, edited by The Chinese
Society of Mathematical Pharmacology, China). The model
was selected on the basis of the residual sum of squares
and the minimum Akaike’s information criterion (AIC)
[8]. The area under the concentration-time curve (AUC)
was calculated using the trapezoidal rule and was ex-
trapolated to infinity [9]. The elimination characteristics
of the drug from each tissue were estimated using linear
regression analysis of the terminal phase of the elimina-
tion time curve [10]. The elimination rate constant (f)
was the slope of linear regression equation on logtrans-
ferred STR concentration (In C) against time, and the
elimination half-life (t,3) was calculated from the equa-
tion ty,,5 = 0.693/p for each tissue.
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3. Results
3.1. Method Validation

Calibration curves showed a good linearity (r* = 0.999)
in the range of 0.1 to 100 pg/ml. The average inter- and
intra-day precision (RSDs) were 0.9% - 2% and 1.1% -
3.1% for plasma and 0.5% - 3.9% and 0.7% - 4.0% for
muscle. The STR accuracy for plasma ranged from 75%
to 86% and mean recovery was 81%. The STR accuracy
for muscle ranged from 73% to 81% and mean recovery
was 77%. The limit of detection (LOD) of STR was de-
termined as 0.05 pg/ml.

3.2. Pharmacokinetics Analysis in Serum

After i.m. administration, serum streptomycin concentra-
tion as a function of time is best described by an open
two-compartment pharmacokinetic model (Figure 1).
Pharmacokinetic data for streptomycin concentration in
serum after i.m. administration of a single dose (50 mg/kg
body weight) are presented in Table 1. STR was rapidly
absorbed following administration. Plasma concentration
reached 10.8 pg/ml at 0.167 h and the maximum plasma
concentration (29.524 pg/ml) was reached at 0.218 h.
After this the drug level declined rapidly and reached
0.24 pg/ml at 48 h. Correspondingly, the elimination
half-life was 11.346 h. Other pharmacokinetic parame-
ters were shown in Table 1.

The plasma concentration-time curve of STR after oral
administration to fish at a single dose of 50 mg/kg (b.w.)
is shown in Figure 2. The data of pharmacokinetics fit-
ted to one-compartment open pharmacokinetic model,
the pharmacokinetic parameters calculated from this mo-
del are given in Table 2. STR levels were recorded at the
first sample point (0.167 h) after oral dosing, followed by
an increasing profile and the drug reached the peak
plasma concentration (0.35 pg/ml) at 11.96 h (Tmax),
then it slowly decreased. The absorption half-life (Tyx,)
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and elimination half-life (Ty/;,) of STR were 5.529 h and
13.239 h respectively.

3.3. Residues of STR in Japanese Eel

The STR residue concentrations in muscle after intra-
muscular administration are listed in Table 3. The elimi-
nation of STR in muscle was rapid, the drug concentra-
tions declined to 0.18 pg/gin muscle on 4 d and were
undetectable in muscle on 5 d, the corresponding date
after oral administration were 0.12 pg/mlin muscle on 3
d and were undetectable in muscle on 4 d.

4. Discussion

Drug residue problems have now become serious owing
to the increasing and unreasonable use of antibiotic.
Therefore, pharmacokinetics and residue elimination stu-
dies are important for establishing correct dosage re-
gimes, promoting optimal use of the drug in question, and
minimizing environmental impact. In the present study
we determined the pharmacokinetics of STR in Japanese
eel (Anguilla japonica) after a single dose (50 mg/kg) of
intramuscular or oral administration in freshwater at
25°C. To our best knowledge, this is the first study on the
pharmacokinetics and tissue disposition of streptomycin
in Japanese eel.

The V/F(c) is an accurate indication of the diffusion of
the drug in the body, and AUC represents the extent of
drug absorption and determines bioavailability. In the
present study, the V/F(c) and AUC were about 11 and 7
times larger when administered i.m. (0.847 L/kg and
90.206 pg/ml-h) than administered orally (0.077 L/kg and
12.356 pg/ml-h). The time of plasma concentration above
2 pg/ml was approximately 12 h and 0 h following i.m.
and oral administration (Table 1). Based on MIC data
studied on bacteria from fish, 2 pg/ml STR showed high
efficacy against most bacteria [11,12]. All these results
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Figure 1. STR levels in plasma of Japanese eel following a single intramuscular administration (50 mg).
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Figure 2. STR levels in plasma of Japanese eel following a single oral administration (50 mg-kg ' b.w.).

Table 1. Pharmacokinetic parameters for streptomycin sul-
fate of Japanese eel following a single intramuscular ad-
ministration (50 mg-kg™' b.w.).

Table 2. Pharmacokinetic parameters for streptomycin sul-
fate of Japanese eel following a single oral administration
(50 mg-kg ' b.w.).

Parameter Unit Parameter values Parameter Unit Parameter values
A ug/mL 122.065 A ug-ml™! 1.129
@ 1/h 3.528 Ke h 0.0524
B pug/mL 4.611 Ka h! 0.115
1/h .061
ﬁ / 0.06 tl/Z(ka) h 5.529
Ka 1/h 6.371
ti2(ke) h 13.239
A% L/k; 0.847
ar & T(peak) h 11.960
Tine h 0.196
" Clman) pg-ml™ 0.346
Tine h 11.346 -
AUC (ug'ml™) h 12.356
Tizka h 0.108 T
12K CLs mgkg -h! 4.038
Ky 1/h 0.329 o
Var, mg-kg 77.146
Kio I/h 0.654 Ka: absorption rate constant; Tp: the time point of maximum plasma con-
K h 2606 centration of the drug; Cpax: the maximum plasma concentration; Vys: ex-
12 . tensive apparent volume of the central compartment; K,,, Ky, first-order
rate constants for drug distribution between the central and peripheral com-
AUC pg/mL-h 90.206 partments; AUC: area under the concentration-time curve; CLs: total body
clearance of the drug.
CLs L/kg-h 0.554
Tp h 0218 Table 3. Streptomycin sulfate concentrations in muscle and
' plasma following a single administration (50 mg-kg ™' b.w.).
Cmax) png/mL 29.524

Ka: absorption rate constant; a: distribution rate constant; f: elimination rate
constant; Tk, absorption half-life of the drug; T, distribution half-life
of the drug; Ty;p, elimination half-life of the drug; Tp: the time point of
maximum plasma concentration of the drug; Cpax: the maximum plasma
concentration; Vg extensive apparent volume of the central compartment;
K2, Kyy: first-order rate constants for drug distribution between the central
and peripheral compartments; K;o: elimination rate constant from the central
compartment; AUC, area under the concentration-time curve; CLs: total
body clearance of the drug.
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Tissue 1d 2d 3d 4d 5d 7d 9d

Muscle (im.) 1.11 035 059 0.18 ND ND ND
Plasma (im.) 048 037 0.12 ND ND ND ND
Muscle (p.o.) 0.14 012 ND ND ND ND ND

Plasma(p.o) 021 014 ND ND ND ND ND
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indicated that i.m. administration is more pharmacologi-
cally advantageous than p.o. administration, which was
in consistent with the results in other species of other
studies [2,3].

STR was rapidly obsorbed following i.m. injection.
The absorption half-life was 6 min and a mean peak se-
rum concentration of 29.52 pg/ml was attained 30 min
after drug administration. The values were considerably
less than values previously reported for canels, 86 min
and 16.8 min, respectively [13], and other animal species,
including cattle (peak serum concentration 60 min [14,
15]) swine (peak serum concentration 60 min and ab-
sorption [16]), and dog (peak serum concentration 60
min [17]). The distribution half life, T;,, estimated in
the present study for streptomycin following i.m. ad-
ministration was about 0.2 h. This shows that the drug is
rapidly distributed from the central compartment into the
body tissues.

The elimination half life, T4, was found to be 11.346
h. The reported tip of streptomycin was about 3.4 h in
horse [5], and 2 - 3 h for normal adult human beings [7].
The above findings indicate that in fish and horse, the
drug is eliminated comparatively more slowly than in
man. The reason for the difference may be attributable to
differences in species and pharmaceutical factors for ad-
ministration.

In summary, the pharmacokinetic profile of STR shown
by the present study demonstrates rapid absorption and
slow elimination, and i.m. injection may be better than
oral administration for therapy of common bacterial in-
fections. Further work is needed to understand the phar-
macokinetics of STR more clearly in Japanese eel and
other species, and to obtain accurate and reasonable dos-
ing regimen.
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