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A method was optimized and validated for simultaneous estimation of some antibiotics such as
chlortetracycline (CTC), doxycycline (DOX), florfenicol (FF), flumequine (FLU), nalidixic acid (NAL),
sulfadiazine (SDI), sulfathiazole (STZ) and trimethoprim (TMP) in fish muscle and water samples. The
method is based on solid phase extraction (SPE) and simple extraction followed by high performance
liquid chromatography with ultraviolet detection (HPLC-UV). The HPLC method was optimized using
experimental design. The optimum conditions for separation determined with the aid of central
composite design were: (1) initial mobile phase concentration: 0.1% formic acid in water/acetonitrile (90/
10, v/v), (2) column temperature 25 °C and (3) mobile phase flow rate (1.2 ml min~%). The optimized
method was validated according to ICH guidelines. The detection and quantification limits were between
0.2-0.4 and 0.3-0.6 pg kg™, respectively, for fish and between 0.005-0.02 and 0.01-0.08 pug ml™,
respectively, for water. The procedure was also applied to the analysis of spiked Nile tilapia samples.
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1. Introduction

Many classes of antibiotics are commonly used in aquaculture
worldwide to treat infections caused by a variety of bacterial
pathogens of fish* and also as growth promoting agents.

Tetracyclines are broad-spectrum antibiotics widely used in
human and veterinary medicine and feed additives to treat and
prevent diseases. They are also used for promoting growth in
the farming industry. Chlortetracycline (CTC) and doxycycline
(DOX) are the most widely used tetracyclines with food-
producing animals. The intensive culture of aquatic organ-
isms involves the risk of outbreaks of infectious diseases,
because of uncontrolled application of several antibiotic agents,
with special emphasis on tetracycline derivatives.

Quinolones and fluoroquinolones are an important family of
synthetic antibacterial used in both human and veterinary
medicine. In the veterinary field, they are used for the prophy-
laxis and for treatment of veterinary diseases in most types of
farmed animals; they are also used in aquaculture, such as
flumeqine (FLU) and nalidixic acid (NAL).
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chromatography-electro spray ionization-mass spectrometry with positive ion mode (LC-ESI/MS).

Sulfonamides (SAs, synthetic derivatives of sulfanilamide
(SAD)) represent one of the most important families of antibi-
otics used worldwide to treat both human and animal diseases.
In veterinary medicine they are commonly administered in feed
at sub-therapeutic doses during growth to prevent diseases, to
promote growth, to increase weight gain and to reduce the
amount of feed per animal,>* as sulfadiazine (SDI) and sulfa-
thiazole (STZ).

Florfenicol (FF), a fluorinated analogue of chloramphenicol,
is an antibacterial used in veterinary medicine.* Florfenicol is
a broad-spectrum, primarily bacteriostatic, antibiotic with
a range of activity similar to that of chloramphenicol.

Trimethoprim (TMP) is a dihydrofolate reductase inhibitor.
It inhibits the conversion of bacterial dihydrofolic acid to tet-
rahydrofolic acid which is necessary for the synthesis of certain
amino acids, purines, thymidine, and ultimately DNA. It acts in
the same metabolic pathway as the sulfonamides.

By asking veterinarians, it was found that the previously
mentioned group of drugs are the most used in Egyptian fish
farming especially SDI, CTC and FF.

These drugs were determined separately using various
techniques and in combination with other drugs in fish and
water samples. These methods include: (a) high performance
liquid chromatography (HPLC) with several detection tech-
niques,**® liquid chromatography-tandem mass spectrometry
(LC-MS/MS),*** capillary electrophoresis (CE)***” and spectro-
photometry.”® On the other hand the simultaneous
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determination of TMP, SDI, STZ, CTC, DOX, FF, NAL and FLU in
fish (Nile tilapia) and water samples was not reported.

The aim of this work is to simultaneously separate and
accurately determine TMP, SDI, STZ, CTC, DOX, FF, NAL and
FLU by HPLC-UV using experimental design where the studied
factors were evaluated with the aid of fractional factorial design
while optimum chromatographic conditions were estimated by
a central composite design. Samples from fish and water con-
taining SDI, CTC and FF were analyzed by LC-MS/MS to deter-
mine the amount of residue remained in fish after adding these
drugs by oral administration and to study the withdrawal time.

2. Experimental

2.1. Materials and reagents

All experiments were performed using pharmaceutical grade
authentic standards of TMP, SDI, STZ, CTC, DOX and FLU
(ADWIA Pharmaceuticals company, Egypt), NAL and FF (Sigma-
Aldrich Pharmaceuticals company, Egypt), and all standards
was certified to have a purity of (99.2-99.9%) (w/w), on dried
basis, acetonitrile and methanol used were HPLC grade (LAB-
Scan, Poland), Water used was double distilled and filtered
through (0.45 pm) cellulose membrane filters (Chem. lab,
Spain), formic acid, 33% ammonia solution and dichloro-
methane used were analytical grade. Oasis® HLB 60 mg/3 cm®
solid phase extraction (SPE) cartridges were obtained from
Waters (Milford, Mass, USA).

2.2. Preparation of standard and working calibration
solutions

Stock standard solutions were prepared by dissolving (25 mg) of
TMP, SDI, STZ, CTC, DOX and FF separately in (50 ml) with
methanol and (25 mg) of NAL and FLU in (50 ml) with aceto-
nitrile. The dissolution of SDI was made with the help of
ultrasonic bath for about (2 min). These stock solutions were
stored at 4 °C.

The working standard solution at a concentration of 10 mg
1" of each compound was prepared by dilution of the stock
standard solutions with methanol. From these standard solu-
tion, calibration curve were carried out with blank fish samples
spiked in the range 30-300 pg kg~ *. On the other hand mixtures
of working standard solution were prepared by dilution of stock
solution with water to reach concentration ranges of 2-30 pg
ml~" for TMP, DOX, and CTC, 2-25 pg ml~* for SDI, STZ, and
FLU, 5-40 pg ml~" for FF, and 2-20 ug ml~" for NAL. These
working standards were then stored at —20 °C until determi-
nation. Triplicate 5 ul injections were made for each drug
concentration level and chromatographed under the conditions
described above. The peak area of each drug concentration level
was plotted against the corresponding concentration to obtain
the calibration graph of each drug.

2.3. Sample preparation

2.3.1. Water sample. There are two methods used for the
preparation of water sample, the first method used for
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determination of (TMP, SDI, STZ, CTC, DOX and FF), and the
second method used for determination of NAL and FLU.

2.3.1.1. First method. The pH of water sample was adjusted
to 1.8-2 using formic acid. 25 ml water sample was extracted
through 60 mg/3 cm® Oasis® HLB extraction cartridges. The
cartridges were preconditioned with 2 ml of methanol followed
by 2 ml of water. The samples were then passed through the
cartridges at a flow rate of approximately 1 ml min~'. The
analytes were eluted by 3 ml of methanol, 1.5 ml of acetonitrile
and 0.5 ml of dichloromethane. The eluate was evaporated to
dryness using nitrogen stream and the eluate was reconstituted
again with 1 ml of methanol.

2.3.1.2. Second method. The pH of water sample was
adjusted to 3 using formic acid. 25 ml water sample was
extracted through 60 mg/3 cm® Oasis® HLB extraction
cartridges. The cartridges were preconditioned with 2 ml of
methanol, 2 ml of water, 2 ml 5% NH3 in methanol and 2 ml
0.1% formic acid. The samples were then passed through the
cartridges at a flow rate of approximately 1 ml min~" and then
rinsed with 2 ml water. The analytes were eluted by 3 ml of
methanol and 2 ml 5% NH3 in methanol. The eluate was
evaporated to dryness using nitrogen stream and the eluate was
reconstituted again with 1 ml of methanol.

2.3.2. Fish sample. This study was conducted according to
a protocol approved by Research Ethics Committee at the
Faculty of Pharmacy, Suez Canal University with code
201609RA1.

2.3.2.1. Tissue sample fortification. A fortified Nile tilapia
muscle sample was prepared by spiking 5 g of minced blank of
tilapia, in the range of 30-300 pg kg™ ', by the addition of an
appropriate volume of the working solution of drugs. After the
addition, the spiked tilapia samples were allowed to stand
25 min at room temperature, to allow the total interaction
between the antibiotics and the tilapia sample prior to the
extraction.

2.3.2.2. Preparation of CTC, FF and SDI medicated diets.
Antibiotic was incorporated into feed during production or after
production by using a binder, such as gelatin (up to 5%), fish or
vegetable oil. In this study fish oil was used as binder between
feed and antibiotics to provide either 50 mg CTC kg per fish per
day, 50 mg SDI kg per fish per day or 15 mg FF kg per fish per
day when fish are fed 3% of their body weight.

2.3.2.3. Preparation of incurred fish. Four groups of fish were
used throughout the study. Each group consisted of 25 fish and
stocked in tank. Three groups were fed with the medicated diets
while the fourth group was used as control. The fish were
allowed to acclimate in a 14 day period, which was followed by
a 10 day drugs medication period (fish were orally dosed) and
a 21 day withdrawal period.

2.3.2.4. Sampling of incurred fish. Immediately prior to the
first feeding of medicated diet, four fish were randomly
sampled as controls from each tank and the rest of the fish were
weighed to determine the weight of medicated diet to be fed.
This first sampling was followed by five samplings during the
withdrawal period (after days 1, 3, 7, 14 and 21 post medication
for all drugs-incurred fish). At each sampling, one fish was
removed from each tank (three replicates per each drug

This journal is © The Royal Society of Chemistry 2017
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sampling), and weighed. All fish sampled were filleted and the
fillet was frozen at —80 °C. After each tank sampling, the
amount of feed administered was adjusted to account for the
new body weight of the group.

2.3.2.5. Extraction procedure. Fish muscle samples (5 g) after
homogenization were placed into a 15 ml polypropylene
centrifuge tube. 10 ml of 0.2% formic acid in acetonitrile was
added, the mixture was vortexed for 10 min and sonicated for
15 min then the mixtures were centrifuged for 10 min at
3000 rpm at room temperature, the supernatant was transferred
to a 25 ml volumetric flask, then 10 ml of methanol was added
to the residue, the mixture was vortexed for 10 min and soni-
cated for 15 min then the mixtures were centrifuged for 10 min
at 3000 rpm at room temperature, the supernatant was trans-
ferred to the same flask. The two supernatants mixed and
evaporated to 1.5 ml using nitrogen stream and centrifuged for

Table 1
response values for fractional factorial design

View Article Online
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10 min at 4500 rpm at 4 °C (cold centrifugation) then the
supernatant syringe filtered (0.2 pm, nylon) into amber vials
analysis.

2.4. Chromatographic conditions

HPLC separation and quantitation were made on a 150 X
4.6 mm (i.d.) Phenomenex® (5 um particle size) reversed-phase
C18 analytical column. The best composition of the mobile
phase through gradient elution was prepared by 0.1% formic
acid in water as mobile phase A - acetonitril as mobile phase B,
the mobile phase B was initially started at 10% then it was
gradient up to 20% over 8 min, then it was gradient up to 40%
over 6 min, then it was isocratically held for 8 min. Finally, the
column was equilibrated for 10 min at the initial mobile phase
composition before each analysis. The flow rate was maintained
at 1.2 ml min~' at all phases of the gradient run. All

(a) Factors examined in the screening phase (fractional factorial design), (b) matrix of the design. (c) The corresponding experimental

(@)

Levels
Independent factors Level (—1) Level (0) Level (+1)
A - ACN% start 10 15 20
B - ACN% end 35 40 45
C - column temperature (°C) 25 30 35
D - flow rate (ml min ) 0.8 1 1.2

(b)

Experimental design

Experimental set-up

Std order Run order Factor 1 Factor 2 Factor 3 Factor 4 ACN% start ~ ACN% end Temp. °C Flow rate (ml min ™)
3 1 -1 1 -1 1 10 50 25 1.2
1 2 -1 -1 -1 -1 10 40 25 0.8
8 3 1 1 1 1 20 50 35 1.2
2 4 1 -1 -1 1 20 40 25 1.2
6 5 1 -1 1 -1 20 40 35 0.8
7 6 -1 1 1 -1 10 50 35 0.8
5 7 -1 -1 1 1 10 40 35 1.2
4 8 1 1 -1 -1 20 50 25 0.8
9 9 0 0 0 0 15 45 30 1
(©)

Respones
Run order R (TMP) R (FLU) R (SDI-STZ) Ry (NAL-FLU)
1 4.3 15.2 2.3 2.62
2 5.76 20.83 2.1 3.7
3 1.76 13.9 0 3.3
4 1.56 13.5 0 4.67
5 2.58 17.75 0 3.7
6 5.7 16.83 1.85 1.88
7 4.1 16.62 1.95 3.3
8 2.67 15.2 0 3.24
9 2.9 15.8 0.88 3.52

This journal is © The Royal Society of Chemistry 2017
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Table 2 Central composite design for the HPLC response optimization. (a) Matrix of the design. (b) The corresponding experimental response
values

Q)

Experimental design Experimental set-up

Std order Run order Factor 1 Factor 2 Factor 3 Factor 4 ACN% start ~ ACN% end Temp. °C Flow rate (ml min™")

7 1 -1 1 1 -1 10 50 35 0.8
4 2 1 1 -1 -1 20 50 25 0.8
16 3 1 1 1 1 20 50 35 1.2
10 4 1 -1 -1 1 20 40 25 1.2
22 5 0 0 2 0 15 45 40 1
13 6 -1 -1 1 1 10 40 35 1.2
2 7 1 -1 -1 -1 20 40 25 0.8
26 8 0 0 0 0 15 45 30 1
21 9 0 0 0 0 15 45 30 1
29 10 0 0 0 0 15 45 30 1
23 11 0 0 0 -2 15 45 30 0.6
14 12 1 -1 1 1 20 40 35 1.2
11 13 -1 1 -1 1 10 50 25 1.2
6 14 1 -1 1 -1 20 40 35 0.8
15 15 -1 1 1 1 10 50 35 1.2
30 16 0 0 0 0 15 45 30 1
3 17 -1 1 -1 -1 10 50 25 0.8
27 18 0 0 0 0 15 45 30 1
28 19 0 0 0 0 15 45 30 1
12 20 1 1 -1 1 20 50 25 1.2
17 21 -2 0 0 0 5 45 30 1
20 22 0 2 0 0 15 55 30 1
24 23 0 0 0 2 15 45 30 1.4
25 24 0 0 0 0 15 45 30 1
1 25 -1 -1 -1 -1 10 40 25 0.8
19 26 0 -2 0 0 15 35 30 1
5 27 -1 -1 1 -1 10 40 35 0.8
18 28 2 0 0 0 25 45 30 1
9 29 -1 -1 -1 1 10 40 25 1.2
8 30 1 1 1 -1 20 50 35 0.8
(b)

Respones
Run order R (TMP) R; (FLU) R, (SDI-STZ) Ry (NAL-FLU)
1 5.81 16.85 2.31 2.04
2 2.66 15.42 0 3.28
3 1.77 12.82 0 3.71
4 1.88 17.78 1.03 4.5
5 2.62 15.46 0.55 3.11
6 4.24 16.64 2.42 3.42
7 2.71 16.99 0 4.14
8 2.99 15.87 0.85 3.4
9 3.1 15.98 1.09 3.6
10 2.86 15.78 0.83 3.54
11 3.89 19.61 0.82 2.96
12 1.76 13.36 0 4.31
13 4.61 15.23 2.86 2.61
14 2.64 16.31 0 3.77
15 5.69 16.84 1.91 2.06
16 2.2 15.79 0.75 3.57
17 6.42 17.26 2.58 2.26
18 2.82 15.8 0.88 3.59
19 2.89 15.79 0.8 3.54
20 1.79 13.11 0 4.2
21 8.05 17.3 4.98 2.66

46174 | RSC Adv., 2017, 7, 46171-46182 This journal is © The Royal Society of Chemistry 2017
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Table 2 (Contd.)
(b)
Respones
Run order R, (TMP) R; (FLU) R, (SDI-STZ) R, (NAL-FLU)
22 2.9 14.69 0.81 2.75
23 2.13 14.17 0.94 4.23
24 2.89 15.82 0.96 3.57
25 6.43 22.63 3.25 3.62
26 2.94 18.76 0.91 4.75
27 5.76 20.72 2.12 3.46
28 2 11.97 0 3.83
29 4.58 17.03 2.8 3.01
30 2.66 15.42 0 3.28

determinations were performed at 25 °C. The injection volume
was 5 pl. Quantitation was achieved with UV detection at
260 nm based on peak area. Data acquisition was performed on
Class-VP software.

2.4.1. Experimental designs

2.4.1.1. Screening experiments with the aid of fractional
factorial design (FFD). Before starting an optimization proce-
dure, it is important to identify the crucial factors affecting the
quality of the derived outcomes. In the present study the
significance of four independent factors on the quality of the
separation was investigated using a half FFD. Fractional facto-
rial design involves 2k — p experiments, where k is the number
of factors studied and p accounts for the degree of fractionality
of the fractional factorial design (p < k),*, (p = 1 in the half FFD).
The matrix for fractional factorial design is shown in Table 1.
The mathematical model associated with design consists of
main and possible interaction effects (eqn (2)).

In the present study four factors (Table 1) were examined,
namely the initial fraction of mobile phase B (%), the final
fraction of mobile phase B (%), column temperature (°C) and
flow rate (ml min~'). All experiments were conducted in
a randomized order and in triplicate. The response factors
chosen were the resolution of critically separated peaks SDI and
STZ peaks (R; (SDI-STZ)) and FLU and NAL peaks (R (NAL-
FLU)), the retention time of the first eluted peak R, (TMP) and
the retention time of the last eluted peak R, (FLU).

2.4.1.2. Optimization using central composite design (CCD).
From the results of the FFD, a central composite design was
built using only the variables that were found significant. CCD
can be applied to optimize an HPLC separation by gaining
better understanding of factor's main and interaction effects.
The CCD was built from the full factorial design 2k to which star
and center points were added. The length of the arms of the star
determined the number of levels and the shape of the experi-
mental design. The CCD was completed by addition of center
points. The total number N of experiments with & factors is: N =
2k + 2k + c. The first term is related to the full factorial design,
the second to the star points and the third to the center point.
The length of the arms of the star («) played a major role for the

This journal is © The Royal Society of Chemistry 2017

appearance of the CCD. If « # 1, each variable will assume five
levels (—a, —1, 0, +1, +a).* In the present study, a rotatable CCD
(RCCD) was used. In this type of design the star points are equal
to £(2k)1/4 (e« = 1.68). The information is equally generated
from all directions, i.e. the variance of the estimated responses
is the same at all points on a sphere centered at the origin. Six
center point replications were done to consider the experi-
mental errors. Then, the 30 experiments (N = 16 + 8 + 6) were
done in random order. All factors were found significant in the
screening study. Table 2 summarizes the conducted experi-
ments and responses. The quadratic mathematical model for
the three independent factors is given in eqn (3).

Surface plots were developed using the fitted quadratic
polynomial equation and were used to locate the points of
maximum HPLC response for each analyte in the considered
domain. The optimal conditions were obtained by choosing the
best optimum value for each the HPLC response.

2.5. Mass spectrometry

The residue from real samples were analyzed using ABSCIEX®
plus ion trap mass spectrometer coupled to an Agilent 1100
capillary LC system. Samples and standard solutions were
separated on an Agilent Zorbax® reversed-phase C8, 5 um,
150 mm X 2.1 mm column at 30 °C using a mobile phase
gradient of aqueous 0.1% formic acid solution and methanol at
a flow rate of 0.3 ml min~". Analytes were detected with electro
spray ionization (ESI) in positive mode. The drying gas was
operated at a flow rate of 10 ml min " at 350 °C. The nebulizer
pressure was 45 psig, the capillary was set at 4000 V, and the
fragmentor was set at 100 V. For each compound, the proton-
ated molecular ion, [M + H]', and at least one confirming ion
were acquired.

3. Results and discussion
3.1. Sample preparation

3.1.1. Optimization of extraction procedure for water
sample. There are several trails were made for extraction of
water samples. All of these trails were depended on using solid

RSC Adv., 2017, 7, 46171-46182 | 46175
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Table 3 Percentage recovery of TMP, SDI, STZ, CTC, DOX, FF, NAL and
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FLU from water samples using different SPE conditions®

Recovery%

Method TMP SDI

STZ CTC DOX FF NAL FLU

1 Condition: 2 ml MeOH + 2 ml H,0,
washing: 2 ml H,O, elution: 5 ml MeOH

2 Condition: 2 ml MeOH + 2 ml H,0,
washing: 2 ml H,O, elution: 5 ml ACN

3 Condition: 2 ml MeOH + 2 ml H,0,
washing: 2 ml H,O, elution: 2.5 ml MeOH
+ 2.5 ml ACN

4 Condition: 2 ml MeOH + 2 ml H,0,
washing: 2 ml H,O, elution: 3.5 ml MeOH
+ 1.5 ml DCM

5 Condition: 2 ml MeOH + 2 ml H,0,
washing: 2 ml H,O, elution: 2.5 ml MeOH
+ 2 ml ACN + 0.5 ml DCM

6 Condition: 2 ml MeOH + 2 ml H,0,
washing: 2 ml 1% formic acid, elution:
2.5 ml MeOH + 2 ml ACN + 0.5 ml DCM

7 Condition: 2 ml MeOH + 2 ml H,0,
washing: 2 ml 1% NH; + 2 ml 1% formic
acid + 2 ml 2% MeOH, elution: 2 ml
MeOH + 2 ml ACN + 1 ml DCM

8 Adjust pH = 3 by formic acid, condition:
2 ml MeOH + 2 ml H,O + 2 ml 5% NH; in
MeOH + 2 ml 0.1% formic acid, washing:
H,O0, elution: 3 ml MeOH + 2 ml 5% NH;
in MeOH

9 Adjust pH = 3 by formic acid, condition: —
2 ml MeOH + 2 ml H,O + 2 ml 0.1%
formic acid, washing: no, elution: 3 ml
ACN + 2 ml 1% formic acid in MeOH

10 Adjust pH = 2 by formic acid, condition:
2 ml MeOH + 2 ml H,O, washing: no,
elution: 5 ml 5% NH; in MeOH

11 Condition: 2 ml MeOH + 2 ml H,O + 2 ml — —
0.1% formic acid, washing: 2 ml 0.1%
formic acid, elution: 5 ml 0.1% formic
acid in CAN

12 Adjust pH = 5 by 0.1 M acetic buffer, —
condition: 2 ml MeOH + 2 ml H,O + 2 ml
acetic buffer, washing: 3 ml acetic buffer,
elution: 5 ml CAN

13 Adjust pH = 1.8-2 by formic acid,
condition: 2 ml MeOH + 2 ml H,0,
washing: no, elution: 3 ml MeOH + 1.5 ml
ACN + 0.5 ml DCM

14 Adjust pH = 1.8-2 by formic acid,
condition: 2 ml MeOH + 2 ml H,0,
washing: no, elution: 5 ml MeOH

18.45 0.43

50.80 10.30

22.24 9.80

1.58

45.00 8.70

28.00 9.90

12.20 7.00

2.30

56.90 81.30

1.70

85.30 85.66

68.80 63.20

“ Mean of three determinations.

phase extraction (SPE) through 60 mg/3 cm® Oasis® HLB
extraction cartridges but differ on conditioning of the
cartridges, washing of cartridges and elution system. Fourteen
trails of extraction were tested with different extraction condi-
tions as shown in Table 3.

The results obtained in Table 3 show that flumequine and
nalidixic acid had high percentage recovery in trail (no. 8), and
trimethoprim, sulfadiazine, sulfathiazole, chlortetracycline,
doxycycline and florfenicol had high percentage recovery in trail

46176 | RSC Adv., 2017, 7, 46171-46182

64.26 64.14 12.35 30.22 39.80

9.34 10.40 23.00 46.50 5.59 6.20

10.90 29.73 97.00 55.58 12.04 19.77

82.7 112.00 23.90 19.70 15.30

19.00 51.00 61.00 33.00 83.00 77.00

20.70 116.00 101.00 37.00 73.00 20.00

— 3.70 9.20 10.77 20.00 38.38

7.90 9.60 61.70 51.30 92.00 96.00

25.40 28.70

82.60 55.30 105.00 96.20 19.4 18.70

42.80 42.80

1.20 28.90 31.70 — 36.70 68.00

88.00 89.39 92.10 95.69 15.23 9.69

81.00 79.00 85.00 98.00 30.15 20.22

(no. 13), so that trails eight and thirteen used for the extraction
of the studied compound from water.

3.1.2. Optimization of extraction procedure for fish
sample. The critical step in the multi-residue antibiotic
methods is the extraction and clean up procedure. Different
solvents such as methanol, acetonitrile, methanol containing
0.2% formic acid and acetonitrile containing 0.2% formic acid
were evaluated to optimize the extraction procedure. The results

This journal is © The Royal Society of Chemistry 2017
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Table 4 ANOVA results for fractional factorial design (FFD). A 5% level of significance was desired
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R (TMP) R (FLU) R (SDI-STZ) Ry (NAL-FLU)

Factors F p° F p° F P F p°
Model 34.920 0.0023 6.940 0.0436 111.070 0.0002 27.66 0.0036
A-ACN% start 116.620 0.0004 8.720 0.0419 441.270 <0.0001 35.29 0.0040
B-ACN% end 0.150 0.7154 5.550 0.0780 0.066 0.8105 56.89 0.0017
C-temp 0.0260 0.8789 0.049 0.8350 2.360 0.1991 12.75 0.0234
D-flow rate 22.880 0.0088 13.450 0.0215 0.590 0.4850 5.70 0.0755
Radjz 0.9643 0.9882 0.9822 0.9702

@ p-Value should be less than 0.05 to be statistically significant.

obtained in Table S1f show that using both acetonitrile con-

taining 0.2% formic acid and methanol give high recovery.

3.2.
3.2.1.

Chromatographic conditions

Screening experiments with the aid of fractional
factorial design (FFD). Fractional factorial design (FFD) was

Perturbation
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applied for screening of factors affecting HPLC separation and
the results obtained by the statistical analysis (ANOVA) of the
studied factors and effects are given in Table 4. An independent
factor had significant effect on a given response when it had a p-
value < 0.05.

The results indicated that the initial fraction of mobile phase
B (ACN% start) had the most significant effects on the all the
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Fig.1 Perturbation plots showing the effect of the examined factors on the responses (a) the retention time of the first eluted peak R, (TMP), (b)
the retention time of the last eluted peak Ry (FLU), (c) the resolution of critical pair peaks Rs (SDI-STZ) and (d) the resolution of critical pair peaks R
(FLU-NAL), where A is the initial fraction of mobile phase B (ACN% start), B is the final fraction of mobile phase B (ACN% end), C is column

temperature (°C) and D is flow rate (ml min™).
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Table 5 ANOVA results for central composite design (CCD). A 5% level of significance was desired

R, (TMP) R (FLU) R, (SDI-STZ) Rs (NAL-FLU)
Factors F p° F p° F P F P
Model 38.91 <0.0001 24.16 <0.0001 61.66 <0.0001 16.98 <0.0001
A - ACN% start 417.01 <0.0001 39.35 <0.0001 724.81 <0.0001 72.71 <0.0001
B - CAN% end 0.52 0.4831 24.42 <0.0001 3.97 0.0648 67.57 <0.0001
C - temp 0.82 0.3698 1.98 0.1719 19.94 0.0005 3.86 0.0643
D - flow rate 44.15 <0.0001 30.88 <0.0001 0.85 0.3708 10.71 0.0040
Radj2 0.9782 0.9516 0.9670 0.9664

@ p-Value should be less than 0.05 to be statistically significant.

selected responses, the final fraction of mobile phase B (ACN%
end) and column temperature (°C) had the most significant
effects on the resolution of critically separated peak NAL and
FLU peak (R, (NAL-FLU)) and flow rate (ml min~") had the most
significant effects on the retention time of the first eluted peak
R, (TMP) and the last eluted peak R, (FLU). R,q;” was greater than

0.85 in all cases, revealing good fit of experimental data.> In
Fig. 1, perturbation plots are presented, this type of plots shows
the effect of an independent factor on a specific response, with
all factors held constant at a reference point, a steepest slope
indicates sensitiveness to a specific factor.*
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Fig.2 (a) A typical chromatogram of a blank water sample, (b) a typical chromatogram of a blank water sample spiked with 10 pg ml~* of TMP, 5
nug mi~t of SDI, 5 pg mi~ of STZ, 10 ug ml™* of CTC, 10 pg ml~* of DOX, 15 pg ml~* of FF and (c) a typical chromatogram of a blank water sample

spiked with 3 pg ml™* of NAL and 5 pug ml~* of FLU.
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3.2.2. Optimization using central composite design (CCD).
Central composite design (CCD) was used for optimizing HPLC
conditions and the results obtained by the statistical analysis
(ANOVA) of the studied factors and effects are given in Table 5.
The results showed that the initial fraction of mobile phase B
(ACN% start) had the most significant effects on the all the
selected responses, the final fraction of mobile phase B (ACN%
end) had the most significant effects on R, (FLU) and R, (NAL-
FLU), column temperature (°C) had the most significant effects
on R, (SDI-STZ) and flow rate (ml min~") had the most signif-
icant effects on R, (TMP), R, (FLU) and R, (NAL-FLU). Response
surfaces are shown in Fig. S11 where the interaction effects of
initial concentration of acetonitrile (ACN% start) and final
concentration of acetonitrile (ACN% end) are illustrated on the
selected responses, in Fig. S21 where the interaction effects of
initial concentration of acetonitrile (ACN% start) and column
temperature are illustrated on the selected responses, in
Fig. S31 where the interaction effects of initial concentration of
acetonitrile (ACN% start) and flow rate of mobile phase are
illustrated on the selected responses, in Fig. S41 where the
interaction effects of final concentration of acetonitrile (ACN%

e
o
@

Detector Response
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Minutes
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Fig. 3
a typical chromatogram of a blank fish sample spiked with 300 ng kg™
of the target antibiotics after the extraction procedure was applied.

(@) A typical chromatogram of a blank fish sample and (b)
1
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end) and column temperature are illustrated on the selected
responses, in Fig. S5 where the interaction effects of final
concentration of acetonitrile (ACN% end) and flow rate of
mobile phase are illustrated on the selected responses and also,
in Fig. S67 where the interaction effects of column temperature
and flow rate of mobile phase are illustrated on the selected
responses.

Obtaining an optimal procedure required different depen-
dent and independent variables to be simultaneously set.
Derringer's desirability function D (eqn (4)) was used to esti-
mate the optimum conditions of separation.*

Derringer's desirability function D can take values from 0 to
1. For a value of D close to 1, response values are near the target
value. The constraints in this study that were imposed on the
responses included maximizing a resolution greater than 1.5,
a retention time of TMP greater than 3 min and minimizing

a) r
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Fig.4 Atypical LC-MS/MS chromatogram of SDI, CTC and FF residues
in fish in day 1 of withdrawal period, (a) SDI, (b) CTC and (c) FF.
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a retention time of FLU peak less than 20 min. Optimization
was performed with the aid of Design Expert Version 7.1. The
response surface obtained for the desirability function is pre-
sented in Fig. S7.1 Therefore, the following conditions can be
identified as optimal: 0.1% formic acid in water (mobile phase
A) and acetonitrile (mobile phase B). The gradient program
consisted of 0-8 min 10% mobile phase B; 8-14 min gradient up
to 20% mobile phase B; 14-20 min gradient up to 40% mobile
phase B. After 20 min, the gradient was returned to the initial
condition and the analytical column was reconditioned for

View Article Online

Paper

10 min. The flow rate was maintained at 1.2 ml min " at all
phases of the gradient run. The column temperature set at
25 °C. Chromatogram of blank water (Fig. 2a) showed no
interfering peaks at the retention times of the analytes. Fig. 2b
and c show a typical chromatograms for the spiked samples
prepared from water, containing analytes where the drugs were
well separated. The peaks obtained were sharp and have clear
baseline separation. Chromatogram of blank fish sample
(Fig. 3a) showed no interfering peaks at the retention times of
the analytes. Fig. 3b shows a typical chromatograms for the
blank fish sample spiked with the target antibiotics after the
extraction procedure was applied. It can be observed the opti-
mized extraction procedure provides a clean chromatogram

a) without interferences. The system suitability results are given in
1.5e5 Table S2.7
73
oy 1.0e5 3.3. Mass spectrometry
>
5 The residue present in fish after oral administration of drugs
S 5.0e4 and water samples removed from water tanks of cultured
E incurred fish were analyzed by LC-MS method. The chromato-
gram of samples from day 1 of withdrawal period is shown in
0.0e4 ‘ Fig. 4 and 5. Table 6 show the amount of residue of SDI, CTC
04 08 12 18 20 24 28 32 and FF in fish muscle and water throughout the withdrawal
Minutes period.
The results obtained in Table 6 show that relatively high
b) levels of SDI, CTC and FF are present in the muscle immediately
after stopping of dosing period (day 1 post medication), these
2.5e5 levels decrease during withdrawal, as might be expected. On the
g g p
other hand there are trace levels of drugs concentration present
§. 2.0e5 in water sample which could be neglected with regard to the
2 1.5e5 permitted limits.
7}
c
..g 1.0e5
- Table 6 (a) Analysis of SDI, CTC and FF-incurred fish muscle obtained
5.0e4 by LC-MS method. (b) Analysis of SDI, CTC and FF in water samples
0.0e4 from water of cultured drugs-incurred fish obtained by LC-MS method
.ve4-
04 081.2 1.8 2.0 24 28 3.2 3.6 (a)
Minutes ] B
Drug residue (ng kg™)
c) Withdrawal time
2500 (day) SDI CTC FF
2000 1 20.500 15.000 5.400
9.000 7.000 2.300
2 7 4.200 3.400 1.100
o 1500 14 2.100 1.700 0.052
_..? 21 Not detected Not detected Not detected
»
=
s 1000 (b)
2
£
500 Drug residue (ug L")
Withdrawal time (day) SDI CTC FF
0 :
04 08 1.2 18 20 24 28 3.2 1 0.005 0.280 0.010
Minutes 2 0.001 0.050 0.008
3 Not detected Not detected 0.002

Fig.5 Atypical LC-MS/MS chromatogram of SDI, CTC and FF residues
in water in day 1 of withdrawal period, (a) SDI, (b) CTC and (c) FF.
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3.4. Validation of the methods

3.4.1. Linearity. The linearity of the HPLC-UV method for
determination of TMP, SDI, STZ, CTC, DOX, FF, NAL and FLU in
water samples was evaluated by matrix-matched calibration
curve which prepared by spiking blank water samples at
different concentration levels. In this study seven concentra-
tions were chosen, ranging between 2-30 pg ml~" for TMP, CTC
and DOX, 2-25 pg ml~" for SDI, STZ and FLU, 2-20 pg ml~* for
NAL and 5-40 pg ml " for FF. Also for fish sample the linearity
was evaluated using matrix-matched calibration, spiking blank
extracts at seven different concentration levels (from 30 to 300
ug kg™ ). Each concentration was repeated three times; in order
to provide information on the variation in peak area values
between samples of same concentration.

The linearity of the calibration graphs was validated by the
high value of the correlation coefficient and the intercept value,
which was not statistically (p = 0.05) different from zero (Table
S3) and (Table S41). Characteristic parameters for regression
equations of the HPLC method obtained by least squares
treatment of the results are given in Tables S3 and S4.}

The linearity of the LC-MS method for determination of SDI,
CTC and FF in water samples was evaluated by matrix-matched
calibration curve which prepared by spiking blank water
samples at different concentration levels. In this study seven
concentrations were chosen, ranging between 0.001-100, 0.001-
60, 0.001-20 ng ml~* for SDI, CTC and FF, respectively. Also for
fish sample the linearity was evaluated using matrix-matched
calibration, spiking blank extracts at seven different concen-
tration levels (from 10 to 150 pg kg™ '). Each concentration was
repeated three times; in order to provide information on the
variation in peak area values between samples of same
concentration.

The linearity of the calibration graphs was validated by the
high value of the correlation coefficient and the intercept value.
Characteristic parameters for regression equations of the LC-
MS method obtained by least squares treatment of the results
are given in Tables S5 and S6.7

3.4.2. Precision and accuracy. Precision and accuracy of the
HPLC-UV and LC-MS methods were tested by spiking of blank
fish muscle extracts and blank water samples at three different
concentration levels for each compound and analyzing them as
described under experimental section at nominal conditions
and they were repeated three times within a day (intra-day
precision) and three concentration levels for each compound,
three times on different three days (inter-day precision).

The developed methods were found to be precise as R.S.D.%
value for intra-day precision and inter-day precision studies
were <2%, respectively for water. On the other hand. The
developed method was found to be precise as R.S.D.% value for
repeatability and intermediate precision studies were <5%,
respectively for fish samples. While accuracy was expressed as
relative error (RE%), the obtained results are within accepted
criteria less than £5%.

3.4.3. Detection and quantitation limit. According to the
International Conference on Harmonization (ICH) recommen-
dations** the approach based on the S.D. of the response and

This journal is © The Royal Society of Chemistry 2017
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the slope of the calibration curve was used for determining the
detection and quantitation limits. The theoretical values of the
detection and quantitation limits were assessed practically and
are given in Table S3-S6.7

3.4.4. Robustness. Robustness was tested using experi-
mental design methodology. When a factor is not robust, one
can decide whether to change the proposed method or to
control the factor in question. In robustness testing, factors
interactions are usually considered negligible.*® For robustness
a two-level fractional factorial design was used in order to
identify possible significant effects from the following factors:
the initial fraction of mobile phase B (%), the final fraction of
mobile phase B (%),column temperature (°C) and flow rate
(ml min~"). All experiments were conducted in a randomized
order and in triplicate. The method settings and the range
investigated in robustness are shown in Table S7.1 The resolu-
tion of critically separated peaks SDI and STZ peaks (R (SDI-
STZ)) and FLU and NAL peaks (R; (NAL-FLU)), the retention
time of the first eluted peak R, (TMP) and the retention time of
the last eluted peak R, (FLU) were selected as responses.

A linear relationship (eqn (5)) with no interaction effects was
selected as a proper model, since interaction and quadratic
effects were excluded. The effects of the examined factors were
estimated by ANOVA.

The results are shown in Table S8.7 All measurements were
conducted in triplicate. Significant effects had a p-value < 0.05.
From results it was concluded that the examined factors had no
significant effect on the selected responses.

3.4.5. Selectivity. Selectivity of the methods were evaluated
by comparing the compound retention times obtained from the
chromatogram of fortified water and fish samples with the
studied compounds to the chromatogram of unfortified one
(blank samples). The positive results from samples containing
the analytes coupled with negative results from samples which
don't contain the analytes and good separation ensures that the
signal measured is not influenced by other substances.

3.4.6. Stability. The stability of TMP, SDI, STZ, CTC, DOX,
FF, NAL and FLU standard solutions were evaluated by leaving
the standard solutions in tightly capped volumetric flasks,
protected from light, on a laboratory bench and in the refrig-
erator. The studied compound solutions in exhibited no chro-
matographic changes for 24 hours when kept at room
temperature and for 15 days when stored refrigerated at 4 °C.

4. Conclusion

An efficient, fast gradient HPLC-UV method for the determi-
nation of TMP, SDI, STZ, CTC, DOX, FF, NAL and FLU simul-
taneously was achieved. Resolution and time of analysis were
simultaneously optimized using experimental design which
confirms that experimental design and response surface
methodology is a flexible procedure, able to reduce the number
of experiments needed. The method showed good precision and
accuracy, high extraction recovery, wide linear range and
robustness. The method has been applied successfully to fish
muscle and water samples. The residue of SDI, CTC and FF
present in SDI, CTC or FF-incurred fish and water samples

RSC Adv., 2017, 7, 46171-46182 | 46181
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obtained from cultured incurred fish farms were determined by
LC-MS and from the result, it was found that all analyzed drugs
levels are below MRLs established by the European Union for
each antibiotic, so fish are safe for using by humans in
production and eating purposes.
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