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bstract

We developed a simple and sensitive high-performance liquid chromatography method on a biphenyl column to determine oxytetracycline (OTC)
evels in rainbow trout serum. The assay used deproteination, filtration, and subsequent separation on a reverse-phase biphenyl column, with UV

etection at 355 nm. OTC (7.8–7.9 min) was completely resolved from structurally similar riboflavin (10.4–10.5 min), a common feed supplement.
stimated limits of detection and quantitation of OTC were 0.01 and 0.04 �g/mL, respectively. The average recovery for OTC was 102% with a
.S.D. of 8.34%. Calibration standards were linear from 0.01 to 10 �g/mL.
2007 Elsevier B.V. All rights reserved.
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. Introduction

Oxytetracycline (OTC) is one of only three antibiotics
urrently approved by the United States Food and Drug Admin-
stration and available for use in aquaculture. It is approved
or use against selected indications in salmonids, catfish, and
obsters [1].

Tetracyclines are known to have low bioavailability and are
oorly absorbed when administered with feed [2]. Elema et al.
3] showed feed pellets contained many metallic ions that formed
omplexes with OTC and reduced the amount of drug avail-
ble for fish to absorb from the intestinal tract. To choose an
ppropriate therapeutic agent, it is essential to have information
bout the serum concentration, over time, at the site of infection.
dditionally, the minimal inhibitory concentration (MIC) of the
athogen and clinical efficacy data are also important to predict
herapeutic efficacy.

Using various methods, researchers have studied the pharma-
okinetic profile of OTC in multiple species including shrimp

4], hens [5], sea turtles [6], fish [7], goats [8], sheep and
alves [9], pigs [10], and humans [11]. Some of these meth-
ds evaluated drug activity- or microbiological-based methods
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o estimate OTC concentration in the blood, while others
sed analytical methods such as HPLC. Generally, HPLC is
more sensitive and precise method, and is especially use-

ul when low concentrations of analyte are present. Very few,
f any, studies have provided data resolving OTC from the
tructurally similar molecule riboflavin (Fig. 1) in serum or
lasma. Riboflavin or vitamin B2, found in dairy products,
ggs, vegetables, organ meats, whole grains, and wheat germ,
s recommended as an aquaculture feed supplement (>20 mg/kg
eed) to increase energy metabolism and promote physiological
ealth [12]. Ichinose et al. [13] reported riboflavin concentra-
ions ranging between 0.21 and 0.37 �g/mL in serum of black
arp, gibel, and eel. Due to their similarities in structure and
xcitation range (riboflavin = 325–405 nm; OTC = 310–420 nm)
14], we compared the retention times of riboflavin and OTC
n a polymer column. Riboflavin retention time was only 30 s
onger than that of OTC (unpublished data). Low levels of
iboflavin absorbed from intestinal contents may co-elute with
TC, increasing the area of the OTC peak. In pharmacoki-
etic studies, exclusively OTC must be quantified in serum or
lasma to predict therapeutic efficacy and calculate the phar-
acodynamic parameters: time above MIC, Cmax/MIC and

UC/MIC.

This is the first published method that uses a biphenyl column
o quantify OTC in fish serum. This method resolves OTC from
urrounding peaks, such as riboflavin.

mailto:Ron.Miller@fda.hhs.gov
dx.doi.org/10.1016/j.jchromb.2007.01.040
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Fig. 1. Molecular structures of OTC (A) and riboflavin (B).

. Experimental

.1. Chemicals

All chemicals were reagent grade unless otherwise specified.
We obtained OTC from the United States Pharmacopeia

Rockville, MD). We prepared a stock OTC solution, 1.0 mg/mL,
y solubilization of 100 mg in 100 mL methanol, and stored it
p to 3 months at −20 ◦C.

We prepared McIlvaine buffer [15] by solubilization of 12.9 g
nhydrous citric acid (Mallinckrodt Baker Inc., Phillipsburg,
J) and 10.9 g dibasic sodium phosphate (Fisher Scientific,
air Lawn, NJ) in 1 L water. We prepared McIlvaine–EDTA
uffer by solubilization of 37.2 g EDTA disodium salt dihydrate
Sigma–Aldrich, St. Louis, MO) up to 1 L of McIlvaine buffer
ith gentle heating. Prior to use, we filtered McIlvaine–EDTA
uffer through a 0.2 �m nylon filter and stored at 4 ◦C.

We used methanol (Mallinckrodt Baker Inc.) and acetoni-
rile (Honeywell Burdick and Jackson, Morristown, NJ), both
PLC grade, without further purification. We obtained oxalic

cid dihydrate from Sigma–Aldrich. Water used throughout this
tudy was purified by the Milli-Q plus Ultra-Pure Water System
Millipore Corporation, Bedford, MA).
.2. Equipment

We used an Agilent Series 1100 (Agilent Technologies, Palo
lto, CA) Quaternary Pump, Vacuum Degasser, Autosampler,

2

s

able 1
alidation using control and OTC fortified rainbow trout serum

ample No. Mean OTC c

ontrol serum—0 �g/mL 8 –
ortified serum—0.10 �g/mL OTC 8 0.11 ± 0.01
ortified serum—0.50 �g/mL OTC 8 0.51 ± 0.02
ortified serum—3.0 �g/mL OTC 8 2.9 ± 0.06

a Mean recovery ± % R.S.D. in all samples = 102 ± 8.34.
r. B 852 (2007) 655–658

hermostatted Column Compartment, and Variable Wavelength
etector for chromatographic separation. We completed data

cquisition and analysis with a PE Nelson 900 Series Interface
ontroller and TotalChromTM software (PerkinElmer Life and
nalytical Sciences, Wellesley, MA).

.3. Sample preparation

We collected control serum from 200 to 600 g rainbow trout
btained from a commercial source. Fish were held in tanks
n our laboratory at 14–18 ◦C, and fed a standard diet which
ontained 35–45 mg riboflavin/kg feed according to the feed
anufacturer (Rangen Inc., Buhl, ID). We euthanatized fish by

mmersion in a lethal dose of tricaine methanesulfonate (MS-
22) (Crescent Research Chemicals, Phoenix, AZ). We stored
erum at −80 ◦C until use. We used the stock 1.0 mg/mL OTC
olution diluted in water to concentrations of 10 and 3.0 �g/mL,
o fortify serum samples at concentrations of 3.0, 0.50, and
.10 �g/mL.

We vortex mixed serum samples (600 �L) with an equal
olume (600 �L) McIlvaine–EDTA buffer, incubated at 30 ◦C
or 30 min, and centrifuged at 12,000 × g for 10 min to depro-
einate. We removed supernates, and filtered through a Whatman
Florham Park, NJ) PuradiscTM 13 mm PVDF 0.2 �m syringe
lter. We loaded the filtered samples into autosampler vials and

njected a 100 �L aliquot onto the LC column.
We prepared chromatographic standards by serial dilution

f the stock 1.0 mg/mL OTC solution in water to concentra-
ions of 10, 3.0, 1.0, 0.30, 0.10, 0.03, and 0.01 �g/mL. We then
iluted the standards 1:1 with McIlvaine–EDTA buffer. We ana-
yzed chromatographic standards in a bracketed sequence (i.e.
alibration standards + samples + calibration standards).

.4. Column liquid chromatography

Separation was performed on an AllureTM biphenyl column
.6 mm × 150 mm, 5 �m particle size, and 60 Å pore diameter
Restek Corporation, Bellefonte, PA). The column was main-
ained at 40 ◦C. We used mobile phases which were 0.2 �m
ylon-filtered aqueous 0.01 M oxalic acid and acetonitrile. We
mployed gradient elution with initial conditions of 5% acetoni-
rile for 1 min, and linear changes to 30% acetonitrile at 10 min,
0% at 12 min, 80% at 13 min, 5% at 15 min, and 5% at 20 min.
he flow rate was 1 mL/min.
.5. Validation

We analyzed control and fortified serum samples to determine
electivity, accuracy, and precision. We extracted and analyzed

oncentration (�g/mL) ± S.D. Mean recovery (%) ± % R.S.D.a

–
107 ± 12.3
101 ± 3.06
97.1 ± 2.13



matogr. B 852 (2007) 655–658 657

f
a
r

a
i
fi
A
o
v
p
M
a
e
a

3

t
a
t
d
t
i
0
a
(
s
v
c
(
c
c
g
e
[

fi
d
m
i
r
c
I
i
r

1
c
q
d
r

d
c
o

R.A. Miller et al. / J. Chro

our replicates of control serum and serum fortified at 3.0, 0.50,
nd 0.10 �g/mL on each of 2 different days, for a total of eight
eplicate analyses at each concentration.

We performed an exhaustive extraction procedure to assess
ccuracy with a real sample. In this experiment, we used
ncurred rainbow trout serum samples obtained from one
sh fed an OTC-medicated aquaculture feed (Rangen Inc.).
s described above, we extracted and filtered five replicates
f the incurred serum sample (200 �L each) with an equal
olume of McIlvaine–EDTA buffer (normal extract). We resus-
ended the remaining pellet after centrifugation in 400 �L of
cIlvaine–EDTA buffer, vortex mixed, centrifuged, and filtered

s described above (exhaustive extract). We loaded normal and
xhaustive extracts into autosampler vials and injected a 100 �L
liquot onto the LC column.

. Results and discussion

Table 1 summarizes the results of the validation study where
he mean recovery of OTC was uniformly high (97.1–107%)
t all concentrations tested. We did not find OTC in the unfor-
ified rainbow trout serum control samples. Relative standard
eviations were acceptably low at all three OTC concentrations
ested, indicative of a precise method. Estimated lower lim-
ts of detection (LOD) and quantitation (LOQ) of OTC were
.01 and 0.04 �g/mL, respectively. We calculated these values
s the average background signal plus 3× the standard deviation
LOD) or plus 10× the standard deviation (LOQ) in analy-
es of rainbow trout control serum. Calculated LOD and LOQ
alues were lower than those reported in previous OTC pharma-
okinetics studies where serum was analyzed on a C8 column
LOD = 0.05 �g/mL) [16] and plasma was analyzed on a C18
olumn (LOQ = 0.1 �g/mL) [17]. In addition, the mean per-
ent recovery for all samples in this study (102 ± 8.34%) was
reater than the same parameter measured previously by Doi
t al. (76.16 ± 0.14%) [16] and Haug and Hals (83.0 ± 8.9%)
17].

We found excellent separation and recovery of OTC in forti-
ed and incurred rainbow trout serum samples following simple
eproteination and filtration (Fig. 2). From preliminary opti-
ization trials, we found that riboflavin elutes at 10.4 min. Thus,

n Fig. 2B–D presumed riboflavin was found to separate in
ainbow trout serum samples at 10.4 min, and estimated con-
entrations were consistent with those reported previously by
chinose et al [13]. These data suggest riboflavin can be present
n fish serum at relatively high concentrations, and needs to be
esolved from OTC when using HPLC methods.

We generated standard curves for OTC by linear (weighted
/x2) regression of peak areas against their respective con-
entrations. We studied linearity by separate analysis in
uadruplicate of the calibration curves, created using the stan-
ards (10–0.01 �g/mL). Regression analyses for each line
esulted in R2 values exceeding 0.9991.
Stable retention times were observed throughout the vali-
ation (Fig. 2). We were able to accurately determine OTC
oncentrations without interference from riboflavin (Fig. 2B–D)
r other serum components.

Fig. 2. Chromatograms of the (A) 0.10 �g/mL calibration standard, (B) rain-
bow trout control serum, (C) 0.10 �g/mL fortified rainbow trout serum, and (D)
incurred rainbow trout serum (0.18 �g/mL).
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ig. 3. Chromatograms of incurred rainbow trout serum (A) and an exhaustive
xtraction of the centrifuged serum components (B).

The mean normal extract concentration of five incurred serum
eplicates was 0.45 ± 0.01 �g/mL, while the mean exhaus-
ive extract concentration was 0.02 ± 0.01 �g/mL, a value less
han the LOQ of the method (Fig. 3). The normal extract
f the incurred serum was 95.5% of the total extract (nor-
al + exhaustive extracts), consistent with the near quantitative

ecoveries found in the fortified experiments.
. Conclusion

The method we describe here uses simple extraction and
hromatographic procedures that accurately quantify OTC con-

[

[

r. B 852 (2007) 655–658

entrations in rainbow trout serum. We believe its selectivity
or OTC makes it a highly valuable method for pharmacokinet-
cs and pharmacodynamics studies which require accurate OTC
oncentrations.
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