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Abstract

High sensitive high performance liquid chromatography with fluorescence
detection and a Pinnacle IT C18, 250x4.6 mm, 5 pm column was used to determine
oxolinic acid in animal tissues. Optimum conditions of HPLC system were excitation
wavelength 265 nm, emission wavelength 375 nm, the mobile phase was a mixture of
acetonitrile and 10 mM oxalic acid buffer (45:55, v/v, pH 3.5), flow rate 0.9 mL min™
and column temperature 25 °C. Under the optimum conditions oxolinic acid was
detected in less than 6 minutes. System suitability tests are acceptable within the ICH
guideline and this system provided linear dynamic range of 1 ng mL™" to 8 ug mL’!
with a coefficient of determination higher than 0.999 and a detection limit of 1.0 ng
mL".

Oxolinic acid in edible animal tissues was extracted by ultrasonic exiraction
and cleaned-up with solid-phase extraction (SPE). The influences of several
parameters on the efficiency were investigated. The advantages of this method are

reduced the extraction time, simple, and cost effective sample preparation.

The method was evaluated for various validation parameter i.e. selectivity,
linearity, accuracy, precision, recovery, LOD, LOQ, stability and robustness. The
method is selective for oxolinic acid in shrimp, fish, chicken meat, chicken liver, pork
and beef. The proposed method was found to be linear in the range 5 to 500 ng g™
The inter-day and intra-day relative errors are less than 10 %. The intra-day relative
standard deviations (RSD) were lower than 8% and lower than 9 % for inter-day.
Recoveries of oxolinic acid were higher than 85% for shrimp, fish, chicken ineat,

chicken liver, pork and higher than 74 % for beef. The limits of detection and
v




quantification obtained are below the maximum residue level (MRL) established by
the European Union. Oxolinic acid were stable in extracted sample when tested for

short term, three freeze-thaw cycles, long term and standard solution was also stable

changes of the operational parameters do not lead fo essential changes of the

chromatographic.

Qualitative and quantitative analysis of oxolinic acid were not found in real
samples that were purchased from fresh markets, This method would be useful for the
oxolinic acid residues analysis or moniforing of this compound when there is an
epidemic in animals that will require oxolinic acid treatment. In addition, this method

was suitable for determination of oxolinic acid in animal tissues.
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CHAPTER 1

Introduction

1.1 Background and Rationale

~ Antibiotics are widely used for preventing and treating several diseases in
human and animals (Teuber, 2001; Nakata et al., 2005), as well as for promoting
growth in food-producing animals and in industrial farming (Hubert ef al., 2000; Di
Corcia and Nazzari, 2002; Turiel ef al., 2003; Lee et al., 2007). In 1999 the European
Federation of Animal Health (FEDESA) estimates the consumption of approximately
4700 tons in veterinary medicine in the European Union and Switzerland (Martinez-
Carballo ef al., 2007) and its use was increased to an estimated 6051 tons in 2004
(Kools ef al., 2007).

Veterinary drugs are administered to various animal species such as shrimp
(Graslund ef al., 2003; Reed et al., 2004; Zou ef al., 2005; Grobbel ef al., 2007),
chicken (Yorke and Froc, 2000; Jafari et al., 2007; Marchesini ef al., 2007; Schneider
et al., 2007), fin fish (Ueno ef al., 1999), calves (De Liguoro et al., 2003; Berge et al.,
2005), pigs (Blackwell et al., 2004, Toussaint ef al., 2005) and cows (Guerin-Faublee
et al., 2002; Ramirez et al., 2003). The administration of veterinary drugs to animal
have the potential to generate drug residues and accumulated in the animals and
animal products (Schneider et al., 2007). These residues represent a toxic/hazard
potential for the consumer (Stolker and Brinkman, 2005) such as increased allergies
(Toldra and Reig, 2006). To protect human health the European Union (EU) has
established the maximum residue limits (MRL) in edible animal tissues depending on
the target tissues (Kowalski ef al., 2003; Granelli and Branzell, 2007).

Antibiotics such as f-lactams, tetracyclines, sulfonamides, macrolides,
aminoglycosides and quinolones have been used as veterinary medicine (Stolker and
Brinkman, 2005; Flammer, 2006; Hernandez ef al., 2007, Kemper, 2007). Several
quinolones are currently widely used to treat various diseases in animals in many

countries in the world (WHO, 1998). Oxolinic acid is one of quinolone antibiotic
|




agents which frequently used in veterinary drugs due to its broad antibacterial
spectrum, high potency against Gram-negative bacteria (Pouliquen and Armand,
2000; Delépée et al., 2004) and effectiveness in treating bacteria infections (Cinquina

et al., 2003). However, the use of oxolinic acid as veterinary drug can leave residues

at trace levels in animal product which has lead to a significant increase in
antimicrobial resistance (Tendencia and de la Pefia, 2001; Vila, 2007) and have
important effect on public health (van Vyncht et al, 2002; Rigos et al, 2004).
Therefore, monitoring of these residues in edible animal tissues is necessary to ensure
that human food is entirely free from potentialty harmful elements (Roudaut and
Yorke, 2002).

Analytical techniques include gas chromatography (GC)(Takatsuki, 1992),
capillary electrophoresis (CE) (Hernandez ef al., 2000; Barrén et al., 2003; Lara et al.,
2006) and high-performance liquid chromatography (HPLC) (Ramos et al., 2003;
Hermo et al., 2006; Karbiwnyk et al., 2007) have been reported for determination of
oxolinic acid. However, GC coupled with mass spectrometric detector required
derivatization step, which makes this technique more tedious and CE provided low
sensitivity (Bailac et al., 2006). Thus, HPLC coupled with fluorescence detection was
used in this work because of its good sensitivity for oxolinic acid (Bailac et al., 2004).

Analysis of oxolinic acid in fissue that has a complex matrix of naturally
occurring compounds, e.g. lipids, carbohydrates, proteins and vitamins (Ntfiez ef al.,
2005), needs an appropriate sample preparation méthod to reduce the matrix and
achieve the optimum analytical result. Most of the analytical method for
determination of oxolinic acid only dealt with one matrix or similar matrices using
different extraction methods such as extraction of oxolinic acid from eggs (Hassouan
et al., 2007), chicken (Yorke and Froc, 2000) and shrimp (Karbiwnyk et al., 2007)
using liquid-liquid extraction (LLE), sediments and soils using microwave-assisted
extraction (MAE) (Prat et al., 2006) and animal feeds using accelerated solvent
extraction (ASE) (Pecorelli et al., 2003). However, the disadvantages of LLE are the
need for large vblumes of organic solvents, time consuming and demands several
steps (Koesukwiwat et al.,, 2007; Sanz and Martinez-Castro, 2007). Drawbacks of
MAE and ASE are the high cost of equipment. This limitation can be reduced by

ultrasonic extraction, which is simple, rapid and inexpensive because of no




specialized laboratory equipment is required (Lambropoulou ef al., 2006) and
extractions can be done simultaneously (Rezi¢ et al., 2005; Tor et al., 2006)

The aim of this work is to develop a simple, rapid and inexpensive sample

..preparation using ultrasonic for extraction and solid phase.extraction (SPE).for clean-
up that can be applied to determine oxolinic acid in various edible animal tissues
(shrimp, fish, beef, pork, pig liver, chicken meat and chicken liver). The
determination is performed using high sensitive reversed phase liquid
chromatography with fluorescence detection. The developed method was also
validated followed the guidelines of the US Food and Drug Administration (US-
FDA), US phamacopeia (USP) and the International Conference Harmonisation
(ICH).

1.2 Quinolones

Quinolones are a group of synthetic antibacterial agents widely used in human
and veterinary medicine (Kennedy e «f, 1998). In 1998 WHO reported that
quinolones production and usage is estimated to be about 50 tonnes for proprietary
products (mainly USA, European Union, Japan, South Korea) because of their lower
prices (WHO, 1998). For the latter they were used for treatment of pulmonary, urinary
and digestive infections (Hoof et al.,, 2005). Their primary target is the bacterial
enzyme DNA gyrase or topoisomerase IV, (Hooper, 1999) which renders the DNA
molecule compact and biologically active (Li, 2005). Occurrence potential of
quinolones residue in environment and food is show in Figure 1.1, Its can enter the
environmental mainly as a result of urinary, fecal excretion and of farming industry
disposals (Andreu er al., 2007), as well as of aquaculture treatments and the direct
discharge of aquaculture products (Prat et al., 2006). After administration of
quinolones to animals, some were absorbed in the animal tissues and excreted to the

environment (Hirsch et al., 1999).
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Figure 1.1 Source and pathways for the occurrence of quinolones in environment and

animal (Andreu ef al., 2007).

Quinolones are nitrogen-containing, eight-membered heterocyclic aromatic
compounds with a ketone group at position 4 and a carboxylic group at position 3
(Figure 1.2). A ketone and carboxylic groups at these positions are necessary for
DNA gyrase inhibition (Park et al., 2002). The main nucleus usually contains one
nitrogen atom (quinolines), but analogues have additional nitrogens at position 2
(cinolines), position 8 (naphthyridines) or positions 6 and 8 (pyridopyrimidines).
Several structural modifications (Table 1.1) have enhanced their biological and
pharmacological activities. These modifications include the introduction of alkyl or
aryl groups at position 1 and fluoro and piperazinyl substitute-ions at positions 6 and
7, respectively. The fluoro group at position 6, which originates fluoroquinolones,
widens the spectrum of activify against both gram-negative and gram-positive
pathogens (Espinosa-Mansilla ef al., 2005). The introduction of a piperazinyl group at

position 7 improves activity against Pseudo-monas aeruginosa (Joshi, 2002). The




carboxylic group at position 3 makes these compounds acidic (Stolker and Brinkman,
2005). In addition, the 7-piper azinylquinolones include additional amine groups,

which are basic. Therefore, in aqueous solution, the 7-piperazinyl quinolones show

Brinkman, 2005), while the other quinolones can only be neutral or anionic. The
existing equilibria for these two types of quinolones in the physiological pH range are
shown in Figure 1.3. Only one pKa value is referred to as acidic quinolones and two
pKa values are called piperazinyl quinolones (Lin ef al., 2004). The reported values of
pKa for acidic quinolone range from 6.0 to 6.9 (Prat et al., 2006), whereas in the case
of 7-piperazinyl quinolones, the proposed values in the ranges 5.5-6.6 and 7.2-8.9 for

pKa, and pKay, respectively (Brighty et al., 2000).

Figure 1.2 Basic structure of quinolone




Table 1.1 List of the structure of quinolone antimicrobials (Belal ef «f., 1999)
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Table 1.1 (Continued)

Name Ry Rx Ry Ry Rs
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Figure 1.3 Acid-base equilibria for the quinolones




1.3 Oxolinic acid

Chemical formula : CizH;{NOs
Molecular weight 2 261.23

Synonyms : Dioxacin; Starner; Gramurin; 5, 8-Dihydro-5-ethyl-8-

oxo-1, 3-dioxolo [4, 5-g] quinoline-7-carboxylic acid

Classification : Fluoroquinolones

Physical properties  : white crystalline powder

Melting point :>300 °C

Solubility in water  : insoluble

Oxolinic acid (Figure 1.4) is a quinolone antibacterial agents which operates
by inhibiting bacterial DNA gyrase activity and producing bacterial death (Saad et al.,
2002). It has been widely used as a veterinary drug in food producing animals (Prat et
al., 2006), applied in livestock, poultry, shrimp and fish production to prevent or treat
infections and, sometimes, as growth promoter. Oxolinic acid is administered by the
oral route, in feed, drinking water or as a bolus. The recommended doses are 12 mg
kg! for fin fish (Saad ef al., 2002) and 20 mg kg’ for pigs and pouliry (EMEA,
1998). 1t was quickly absorbed after oral administration in all target species and
distributed extensively in the tissue (Ramos ef al., 2003). It is also reported that
residues may persist in fish many days post dosing (US-FDA, 2004). Bioavailability
after an oral dose of 10 mg kg™ was approximately 82% in healthy chickens but
around 100 % in diseased chickens. Oral bioavailability was also high in pig and
calves (EMEA, 1998).

The presence of oxolinic acid residues can be a potential hazard for consumer
and increase drug resistant bacteria (Naviner ez al., 2007). In human, therapeutic dose
levels of oxolinic acid have been reported to induce psychopharmacological effects
such as nervous excitation, stereotyped behaviour and insomnia. Oxolinic acid
inhibits cytochrome P4501 A2 activity resulting in reduced metabolism of co-
administered xenobiotics (Li, 2005). Therefore, several control authorities such as the
European Union (EU) has set maximum residue limits (MRL) that allow only trace

amounts of oxolinic acid in edible animal tissues (Table 1.2).




Figure 1.4 Chemical structure of oxolinic acid

Table 1.2 Maximum residue limits (MRL) of oxolinic acid in various edible animal

tissues (EMEA, 1998)

Sample MRL (pg kg™')
Chicken
Meat 100
Fat, skin + fat 50
Eggs 50
Liver, kidney 150
Beef, pork
Meat 100
Fat, skin + fat 50
Liver, kidney 150
Fish
Meat 300
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1.4 Sample preparation

The basic concept of a sample preparation method is to convert a real matrix

analytical technique (Smith, 2003). Food samples cover a wide range of physical
types from dry powders to biological matrices, such as meat, fats and liquids or
solutions that makes it hard to isolate and determine analytes of interest (Buldini ez
al., 2002). Determination of oxolinic acid in complex matrices often requires
appropriate sample preparation prior to instrumental analysis (Pouliquen et al., 1997).
The step of sample preparation needed depends on the sample matrix and level of
analyte to be determined (Smith, 2003). The typical steps within sample preparation
include sampling/homogenisation, extraction, clean up and followed by the final
analysis (Leitner et al., 2001; Bailac et al., 2004; Huebra ef al., 2007). Another step
that can be included at several points is derivatisation. This step was used for
determination of oxolinic acid when analysis with gas chromatographic technique
{Pfenning ef al., 1996)

In sample preparation there is often a need to minimise the number of steps of
procedure (Berrueta ef al,, 2001) to reduce time, sources of error, uncertainty and
enhance sensitivity (Demeestere et al., 2007). The enhanced sensitivity (less noise) in
the detection step and reduction of interfering compounds facilitates identification and
confirmation, which are particularly important when investigating the presence or
absence of low concentrations of a contaminant in complex sample matrices, such as
food (Lohmus and Kender, 2007).

The selective extractions of analytes are based on the differences in their
chemical and physical properties (Li ef al., 2002). These typically include molecular
weight, charge, solubility (hydrophobicity), polarity, or differences in volatility (Sanz
and Martinez-Castro, 2007).

Particle size can also be an important parameter for reproducible results as the
extent to which the matrix is broken up can influence the extraction rates. Solid
samples can usually be prepared by cutting to small pieces and grind or after drying,
followed by solvent or liquid extraction. The analyte is desorbed from the matrix and

dissolved into a solvent or fluid. Extraction of an analyte is therefore influenced by
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solubility, penetration of the sample by the solvent (mass transfer) and matrix effects.
After most of these extraction methods the analytes of interest are obtained in an
organic or aqueous solution, which then requires concentration or additional clean-up

(Tto et al., 1999; Blackwell et al., 2004; Benito-Pena ef al., 2006; Koesukwiwat et al.,

2007; O'Connor and Aga, 2007). These extract solutions can then be treated as a
liquid samples. However, some samples, such as animal tissue and similarly moist or
wet solids, can cause crucial problems. Drying before exiraction may not always be
practical because of the bulk of the sample, as in meat due to the presence of high
proportions of fats (Ldhmus and Kender, 2007), or due to the cells collapsing and
hence retaining the analytes. Tissue matrices in particular cause problems, as they
tend to clump preventing penetration by the extraction media. However, in some case,
in order to obtain the low limits of detection required for trace level analysis,
relatively large sample sizes are often required. Larger sample size resulfs in the need
for more efficient clean-up techniques and therefore possibly higher costs (Ridgway
et al., 2007).

Sample preparation methods include liquid-liquid extraction (LLE),
Microwave-assisted extraction (MAE), Matrix solid phase dispersion (MSPD),
Accelerated solvent extraction (ASE) and Solid phase extraction (SPE) are employed

for oxolinic acid extraction and clean up the samples.

1.4.1 Liquid-liquid extraction (LLE)

Liquid-liquid extraction is based on the relative solubility (polarity) of an
analyte in two immiscible phases and is governed by the equilibrium
distribution/partition coefficient. LLE is traditionally one of the most common
methods of extraction (Hendriks ef al,, 2007, Hernéndez-Borges et al., 2007; Palma ef
al., 2007), particularly for organic compounds from aqueous matrices, LLE can
effectively remove proteinaceous components from biological fluids (Ramos et al.,
1999). Typically a separatory funnel is used and the two immiscible phases are mixed
by shaking and then allowed to separate.

Extraction of oxolinic acid from biological matrices by LLE has been

reported by several approaches which include water-immiscible organic solvents,
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water miscible organic solvents or acidic and basic solutions (Andreu ef al., 2007).
Dichloromethane was used as water-immiscible organic solvent to extract oxolinic
acid from chicken meat (Bailac et al.,, 2004) where recovery of 94% was obtained

from the spiked sample. The different condition for extraction of oxolinic acid with

water-miscible organic solvent (e.g. acetoniirile) was also reported (Romero-Gonzilez
et al., 2007). Recoveries were obtained in the range of 66.5-79.5 % for spike samples
at 25-100 pg kg™ (Yorke and Froc, 2000; Romero-Gonzélez ef al., 2007).

The major disadvantage of LLE is the need of a large volumes of organic
solvents, some of these solvents are hazardous and toxic (Rodriguez ef al, 2000).
This method is also time-consuming because it requires lengthy solvent-evaporation
steps (van der Hoff and van Zoonen, 1999; Ahmed, 2001; Gilar et al., 2001;
Ebrahimzadeh et al., 2007, Nagaraju and Huang, 2007) making it difficult to apply
the method to large batches of samples. LLE can also be considered as a high risk
contamination method, more laborious than other extraction/purification methods,
requires expensive glassware (Mitra, 2003) and distillation or evaporation apparatus
(Li et al., 2002). It also has limited selectivity, particularly for trace level analysis,
there is a need for clean-up or analyte enrichment/concentration steps prior to
instrumental analysis (Pyrzynska, 2007).

In many cases, the sample and solvent combination and shaking lead to the
formation of emulsions (Xia ef al., 2006), which further complicates the efficiency of
extraction and adds greatly to the time required for the analyst to complete the
protocol. To avoid emulsions, in some cases, salt may be added and centrifugation can
be used if necessary. Alternatively matrix solid phase dispersion (MSPD) approach
can be used to avoid emulsions (Barker, 2000; Fernandez et al., 2000; Chu et al.,
2005). To ensure the complete extraction of an analyte into the required phase, repeat

exfractions may be necessary (de F. atima Alpendurada, 2000).
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1.4.2 Microwave-assisted extraction (MAE)

Microwave-assisted extraction (MAE) is a process of using microwave energy

..to heat solvents in contact with a sample in order to. partition analytes. from.the sample

matrix into the solvent (Sparr Eskilsson and Bjorklund, 2000; Diaz-Cruz and Barcelo,
2007). The partitioning depends on the temperature and the nature of the extractant
(Camel, 2000). Microwave-assisted extraction can be used to enhance the extraction
efficiency of solvent extractions. MAE has good exiraction efficiency, using less
solvent and shorter extraction times (Deng et al., 2007; Singh et al., 2007). It was also
considered as extraction method because a wide spectrum of compounds can be
extracted. However, it is only applied to the thermally stable compounds due to
increasing in temperature during extraction. Since the non-polar solvents do not
absorb microwave energy, at least some polar solvent, such as water, must be used
(Diaz-Cruz and Barcelo, 2007).

The principle of MAE systems is shown in Figure 1.5. When a high dielectric
constant solvent is used, the sample is kept in a closed PTFE vessel. The technique
resembles pressurized liquid extraction (PFE) because microwaves heat the solvent
far above its atmospheric pressure boiling point and the analytes are rapidly extracted
from the sample (Sparr Eskilsson and Bjorklund, 2000). In the case of low dielectric
constant solvent, the sample can be extracted in an open PTEE vessel with
microwaves heating the portion of the sample which has higher dielectric components
than the solvent. The advantages of microwave pretreatment are simplicity, low cost
of operate, high extraction rate, complete automation and the possibility of
simultaneously extracting different samples at the same time without interferences
(Rostagno et al., 2007). Integrated microwave extractions allow food to be dried,
extracted and concentrated with a single piece of equipment and no sample
manipulation.

This technique is widely used in environmental and food analysis (Pena et al.,
2006; Barriada-Pereira et al., 2007; Careri et al., 2007; Silvia Diaz-Cruz and Barceld,
2007; Singh et al., 2007). Usually, sample sizes range from 0.5 to 10.0 g and 10 ml of
solvent are sufficient for the extraction that may require from less than 1 to 10 min

(Cheng et al., 2007). The technique was reported for the determination of oxolinic
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acid residues in soils and sediments (Prat er al, 2006). Although, the strong
interactions between oxolinic acid and soils or sediments make the analytes difficult

to extraction. MAE can improved the speed and efficiency of the extraction process

whole process range from 79% to 94% (RSD 3-7%), and defection ﬁmits are in the
low pg kg level. MAE has been compared to mechanical shaking. The results found
that mechanical shaking gave lower absolute recoveries than MAE (Prat ef al., 2006)

For the determination of oxolinic acid in food. Hermo and coworker (2005)
reported the use of microwave extraction technique for the determination of oxolinic
acid residues in pork. The effect of the microwaves power (from 20 to 60%) on the
recovery of oxolinic acid was studied there is no clear influence of the microwaves
power. They chose a middle power (40%) in order fo avoid interferences fiom the
matrix that could be extracted at high energy. LLOD and LOQ obtained from MAE
were lower than obtained classical extraction (Hermo ef al., 2005).

The main drawbacks of MAE are loss of more volatile solutes if the
temperature inside the vessel rises rapidly and the vessels need to be cooled to room
temperature after extraction and before they can be opened, thus increasing the overall
extraction time (Camel, 2000; Ahmed, 2003).
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Figure 1.5 Principle of microwave assisted extraction systems (Ahmed, 2003)

1.4.3 Matrix solid phase dispersion (MSPD)

Matrix solid phase dispersion (MSPD) process involves blending a viscous,
solid or semi-solid sample with a solid support (Ziakova ef al., 2003) such as C18,
C8 bonded silica (Elizabeth Horne, 1998; Blasco et al., 2002; Soler et al., 2005;
Arribas et al., 2007), graphite carbon black (Shao ef ol 2007), Florisil (Bogusz ef al.,
2004; Hu ef al., 2005; Pensado ef al., 2005), sodium sulphate (Pensado ef al., 2005),
aluminium oxide (Kishida and Furusawa, 2001) or silica gel (Zou ef al, 2005). The
blending used a glass pestle to obtain complete disruption and dispersion of the
sample on the solid support. When blending is complete, the sample is then
transferred and packed into a suitable column, followed by washing and elution with a
small volume of solvent (Kristenson er ai., 2006; Dopico-Garcia ef al., 2007) (Figure

1.6). MSPD provides both a porous structure to enable the solvent to penetrate the
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matrix and extract the analytes, but also has some functionality which can retain the
fat/lipids
Several factors that have been examined for their effect in conducting MSPD

extractions include

(1) The effect of average particle size diameter. As expected, very small particle
sizes (3-10 pm) lead to extended solvent elution times and the need for excessive
pressures or vacuui to obtain adequate flow (Barker, 2007).

(2) The character of the bonded-phase or type of solid supports. Depending on the
polarity of the phase chosen (Blesa ez al., 2003; Lehotay, 2004).

(3) The best ratio of sample to solid support material. The most often applied is 1
to 4 (Xiao et al, 2004), 150mg: 600mg (Teixeira and Costa, 2005), 0.4g: l.6g
(Garcinuno et al., 2004). This ratio is dependent on the application and must be
examined as a major variable during method development.

(4) The optimum choice of elution solvents and the sequence of their application
to a column. Elution solvent sequence attempts to isolate the analyte or further clean
the column of interfering substances with each solvent step. MSPD columns permit
isolation of different polarity analytes or entire chemical classes of compounds in a
single solvent or in differing polarity solvents passed through the column (Albero ez
al., 2003; Ramil Criado et al., 2004)

(5) The elution volume. It is very for each application and should be examined to
reduce the use of solvent and the unintended co-elution of potential interferences
(Barker, 2007; Bogialli and Di Corcia, 2007).

The method has been applied to the isolation of drugs in different food
samples (Valenzuela ef al., 1999; Barker, 2000, Loveland ef al., 2001; Zhang et al.,
2005). A porous structure, such as diatomaceous earth (Extrelut) can be used as co-
sorbent. A layer of co-sorbent can be packed in the bottom of the column as a further
clean-up procedure to enable a more selective extraction (Ferrer et al., 2005).
Although some MSPD extracts are clean enough for direct instrumental analysis
(Barker, 2007), a further clean-up step is often required, particularly with fatty

matrices.
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Jarboe and Kleinow (1992) developed MSPD method for detecting oxolinic
acid and oxolinic acid-related metabolites in catfish tissue and bile. Mean percent

recovery, correlation coefficient, and inter-and intra-assay variabilities were 82.8%,

--0.996,.12.5%,-and .1.22%, respectively.(Jarboe and-Kleinow, 1992).
This technique uses less solvent than liquid-liquid extraction and can eliminate
the need for multiple extractions (Kristenson et al., 2001). However, the recoveries

were sometimes low and variable (Kishida and Furusawa, 2001).

Transfer
Solid support

Solvent ~—

Blended sample

- Frit and
co-column

Sample for analysis ~—-»

Figure 1.6 Step in a typical MSPD (Barker, 2007)
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1.4.4 Accelerated solvent extraction (ASE)

‘Accelerated solvent extraction (ASE) is also known as pressurized liquid

to replace microwave extraction (Hubert et al., 2000; Urraca et al., 2004). It uses
liquid solvents at elevated pressures and temperatures (up to 200 bars and 200°C
respectively), leading to faster extractions (owing to increased solubilitics, better
desorptions, and enhanced diffusion) (Camel, 2000; Ahmed, 2003; Li et af., 2003).

The basic experimental set-up utilizing the Dionex ASE 200 instrument is
shown in Figure 1.7. The system comprises a stainless-steel extraction cell, where
programmed temperature and pressure are controlled by electronic heaters and pumps.
By pressuring the sample cell, it is possible to keep the organic solvent in a liquid
phase. Extraction steps involve the following sequential steps: loading the sample into
the extraction cell; filling the cell with an organic solvent; heating and pressurizing
the cell to set-up values (pre-extraction step); transfeﬁing the solvent to the collection
vial and cleaning the sample with fresh solvent; and, purging the solvent residue from
the sample to the collection vial using a suitable gas (Bjérklund ef al., 2000)

Pecorelli and coworker (2003) used ASE method in the determination of
oxolinic acid and other quinolones in feeds. Samples were extracted by a
metaphosphoric acid/acetonitrile mixture at pH 2.6 and automatically purified onto
OASIS HLB cartridges. The procedure was also validated by spiking a feed sample at
different levels and linearity, detection limit, quantification limit, accuracy and
precision were checked. The automated preparation of the sample permits a very fast
analysis which is an important goal for routine purposes (Pecorelli ef al., 2003).

Drawbacks of this method include the high cost of equipment, elevated
temperatures that may degrade thermolabile analytes and possible blockage through

concentration of matrix materials (Ahmed, 2003).
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Figure 1.7 Accelerated solvent extraction system (Ahmed, 2003).
1.4.5 Solid phase extraction (SPE)

Solid phase extraction has been developed as an alternative to LLE for the
separation, purification, concentration and/or solvent exchange of solutes for solutions
(Abmed, 2001; Sanz and Martinez-Castro, 2007). SPE which involves the use of
suitable sorbent o trap analytes and separate them from the bulk of the matrix (Castro
et al., 2000; Wells and Yu, 2000). As the sample solution passes through the activated
sorbent bed, analytes concentrate on its surface, while the other sample components
pass through the bed. The equilibrium between analyte and sorbent is rapidly reached
because of the large interface (Boyce, 2006), Many types of sorbent, such as alumina,
magnesium silicate and graphitised carbon (Hennion, 2000), various polymeric beds,
and ion-cxchange media are commercially available (Pico ef al., 2000), but the most
common material is silica because it is reactive enough to permit its surface to ‘be
modified by chemical reaction and yet stable enough to allow its use with a wide
range of solutions (Hennion, 1999; Sanz and Martinez-Castro, 2007).

Usually, the particles size of the sorbent is ranged from 50 to 60 pm (Poole,
2003). The materials are similar to that used in liquid chromatography (except for
particle size) (Liska, 2000). Sorbents fall into three general classes: non-polar, polar
and ion-exchange and their activity is dependent on the propetties of the bonded
phase (Leén-Gonzilez and Pérez-Arribas 2000). The choice of the sorbent is
dependent on the food matrix, analytes of interest and their interferences (Ridgway ef
al., 2007).




Solid phase extraction is performed in four steps (Figure 1.8)
(1) Conditioning; the functional groups of the sorbent bed are solvated in order

to activate them for interaction with the sample. Before extraction of analytes, the
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contact with the liquid sample .solution. Most commonly, conditioning is
accomplished by passing a small volume of methanol or acetonitrile through the SPE
extraction tube or disk (Blasco et al., 2007; Granelli and Branzell, 2007; Horie ef al.,
2007; Li et al., 2007). Some of this organic solvent is adsorbed on the surface of the
sorbent particles, making the surface more hydrophilic and thus more compatible with
a primarily aqueous sample solution. Without such treatment the surface of many
common sorbents is hydrophobic and is poorly wetted by the hydrophilic sample
solution. The polar liquid flows in small channels through the solid phase without
making the necessary close surface contact. The conditioning step also serves to elute
any adsorbed organic impurities from the SPE bed (Fritz and Macka, 2000).

(2) Retention; the analytes are bound to the bed surface. Typical interactions
are hydrophobic (van der Waals forces), polar (hydrogen bonding and dipole-dipole
forces) or ion exchange interactions (Masqué ef al., 1998; Leén-Gonzélez and Pérez-
Arribas 2000). The sample may be applied to the SPE system by gravity, pumping,
aspirated by vacuum or by an automated system (Camel, 2003).

(3) Rinsing the sorbent bed to remove unwanted materials. (Fritz and Macka,
2000). Undesirable material chemically similar to the analyte may be preferentially
removed by washing the sorbent bed with diluted solution of the elution solvent.

(4) Elution of the retained compound; the analytes are desorbed and collected
for analysis using a solvent that disrupts the analyte-sorbent interactions,

Method development in SPE is accomplished by investigating pH, ionic
strength, polarity and flow rate of the elution "solvent and physico-chemical
characteristics of the sorbent bed (Pichon, 2000; Camel, 2003). Current SPE is
designed in various formats depending on application such disks, cartridges and
syring barrels (Hennion, 1999). Figure 1.9 (A) shows the differences types of SPE
formats and (B) Relative difference in particle size between an SPE disk and a

conventional SPE cartridge. SPE disks differ from SPE cartridges or syringes in that
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the disk is a membrane loaded with a solid sorbent, whereas the cartridge or syringe
contains the sorbent (Thurman and Snavely, 2000).
Turiel and coworker (2003) evaluated four different SPE sorbent (C18,

preconcentration of oxolinic acid in water. The best results were obtained using the
Cis and SDB-RPS. The recoveries and limits of detection obtained proved the
suitability of this procedure for the control of oxolinic acid in surface water (Turiel et
al., 2003).

For the study of quinolones (oxolinic acid and other) in chicken samples.
Bailac and coworker (2004) chose Qasis HLB, Oasis MAX and SDB-RPS sorbents.
Oasis-HLB is a hydrophilic-lipophilic balanced (HLB) copolymer of N-
vinylpyrrolidone and divinylbenzene, Oasis Max is a mixed-mode polymeric sorbent
with strong anion-exchange quaternary amine groups in the surface of the copollymer,
and SDB-RPS Empore cartridges are formed by a poly (styrene divinylbenzene)
copolymer sorbent that displays slight cation-exchange interactions due to sulphonic
groups. Recovery values obtained using any of the three sorbents were high for
oxolinic acid. According to these results, the three cartridges could be used to extract

oxolinic acid from chicken tissues (Bailac ef al., 2004).

Compared to the classic liquid-liquid extraction using a separatory funnel,
SPE offers several advantages: practicallity it is much more convenient with easier
manipulations; samples can be processed quickly (Fritz and Macka, 2000), reducing
laboratory time; there is less of a requirement for the use of expensive, breakable
specialty glassware; solvent usage is greatly reduced, no foaming or emulsion
problems, decreasing exposure of analysts to these hazardous chemicals and
eliminating the problematic disposal of large quantities of organic (Kataoka, 2003;
Boyce, 2006) and improved sensitivity and repeatability (Ahmed, 2003).
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Figure 1.8 Solid phase extraction procedure
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Figure 1.9 (A) Formats of solid-phase extraction, disks, cartridges, and syringe
barrels (B) Relative difference in particle size between an SPE disk and a

conventional SPE cartridge (Thurman and Snavely, 1999)
1.4.6 Ultrasonic extraction

Ultrasonic extraction uses mechanical energy in the form of a shearing action,
which is produced by a low frequency sound wave (<150Hz) (LeBlanc, 2001) to
agitate the sample that immersed in organic solvent (Rezi¢ et al., 2005). The
mechanical effects of ultrasound induce a greater penetration of solvent into the
sample and improve mass transfer. Therefore, an effective mass transfer is leading to
the enhancement of extraction with ulirasonic power (Wang et al., 2006).

In ultrasonic extraction, the sample is placed in a suitable glass container and
enough solvent added to cover the sample and placed in an ultrasonic bath (A}imed,
2003). The sample is then sonicated using the sonic bath. The efficiency of extraction
depends on the polarity of the solvent, the homogeneity of the matrix and
ultrasonication time (Ahmed, 2003; Zuo et al., 2004; Tor et al., 2006; Wang ef al.,

2006). The mixture of sample and organic solvent is separated by filtration and
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washing with the solvent. After exiraction, the solvent containing the analyte can be
separated by centrifugation or filiration and fresh solvent added (Ramos et al., 2003).

The combination of state-of-the-art separation and detection techniques good

extraction (Wu ef al., 2006).

Ultrasonic extraction (USE) has been proved to be an expeditious, inexpensive
(Blackwell et al., 2004; Goncalves and Alpendurada, 2005) and efficient alternative to
conventional exfraction such as liquid-liquid and soxhlet extraction (Li et al., 2002)
This technique has been successfully applied in both liquid and solid samples for the
determination of different group of analytes (Lambropoulou and Albanis, 2003) i.e.
inorganic and organic compounds (Rezi¢ ef al., 2007). USE has the potential to fulfilf
the requirements of a sensitive and reliable method. It is a very versatile technique
due to the possibility of selecting the solvent type or solvent mixture that allows the
maximum cxtraction efficiency and selectivity (Wu et al., 2006; Ridgway et al.,
2007). The primary advantage of this method is the fact that several extractions can be

done simultaneously and no specialized laboratory equipment is required.

1.5 Analytical techniques for oxolinic acid

Several techniques have been reported for the determination of oxolinic acid
in various samples which include gas chromatography, capillary electrophoresis,
high-performance liquid chromatography (HPLC) and non-chromatography method

such as phosphorimetric sensor.
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1.5.1 Gas chromatography (GC)

Since oxolinic acid is quite a polar compound, volatile derivatives must be

obtained prior to GC  analysis (Hemandez-Arteseros et al, 2002).  Gas

chromatographic technique for determination of oxolonic acid in fish was described
by Takatsumki and coworkers (1991). The method involved extraction of oxolinic
acid from the homogenized sample, reduced with NaBH, and analysed by GC on a
fused silica column of DB-S with H; as a carrier gas, the concentration range was
0.2-20 ng (Belle ef al., 1999). Determination of oxolinic acids in catfish, salmon and
shrimps by GC-MS after decarboxylation was also investigated (Pfenning et al,
1996) i.e. four diagnostic ions were monitored for oxonilic acid. In all cases, detection
was carried out by MS in positive ion mode and signal monitoring was performed in
SIM mode {Hernandez-Axsteseros et al., 2002),

Although determination of oxolinic acid by GC is possible it involves
derivatization of the sample extract making the analytical methods based on this
technique more tedious (Ramos et al., 2003), increases the overall analysis time and

may lead to errors to analytical technique.
1.5.2 Capillary electrophoresis (CE)

Capillary electrophoresis is a family of related separation techniques that use
narrow-bore fused-silica capillaries to separate a complex atray of large and small
molecules (Fierens ef al., 2000; Altria and Elder, 2004; Anastos ef al., 2005). The
fused silica capillaries are typically 25mm-75 um ID. and 50-100 cm in length
(Anastos et al., 2005; Perez et al., 2007). High electric field strengths are used to
separate molecules based on differences in charge, size and hydrophobicity, resulting
in different migration velocities (Anastos ef al., 2005; Monton and Terabe, 2006).
Sample introduction is accomplished by immersing the end of the capillary into a
sample vial and applying pressure, vacuum or voltage. Depending on the types of
capillary and electrolytes used, clectro-osmotic flow can ensure that both negatively
and positively charged species migrate towards the same end of the capillary, where

under typical conditions, is towards the cathode end, with neutral species not being
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separated and migrating with the electro-osmotic flow (Tagliaro ef al., 1996). The CE
technique can be classified into several separation techniques include capillary zone

electrophoresis (CZE), capillary gel electrophoresis (CGE), capillary isoelectric

micellar electrokinetic capillary chromatography (MECC or MEKC), micro emulsion
electrokinetic chromatography (MEEKCY) and capillary electrochromatography (CEC)
(Li, 1993; Petersen et al., 2003; Anastos et al., 2005). A basic schematic of a capillary
electrophoresis system is shown in Figure 1.10.

Capillary electrophoresis has been used to analyse food (Kowalski et al,
2003), forensic (Fattorini et al., 2004; Anastos et al., 2005; Cruces-Blanco ef al.,
2007) pharmaceutical (Wang and Chang, 1998; Faria et al., 20006), environmental
(Loos and Niessner, 1999; Chicharro ef al., 2005) and biological samples (Hernandez
et al., 2000) because it offers high separation efficiency, high resolution, high speed,
small sample volume requirements and low reagent consumption (Pacakova and
Stulik, 1997; Petersen et al., 2003; Ha et al., 2006; Timerbaev et al., 2006; Saavedra
and Barbas, 2007; Santalad et al., 2007). However, biological samples contain several
inferference and proteinaceous components, which can make them difficult to analyse.
It is therefore necessary to develop sample-pre-treatment systems to remove
interference, proteins and particulate matter (Boone ef al., 2001; Simonet ef al., 2003;
Svece, 20006 ;Puig ef al., 2007).

The most widely used detection method in capillary electrophoresis is on-
column UV detection because of its simplicity and flexibility (Simonet ef al., 2003;
Curiel et al., 2007; Injac et al., 2007; Santos et al., 2007), which involves burning off
a section of the polyimide coating of the capillary to form an optical window
(Tagliaro et al., 1998). However, the short internal diameter of the capillary (detection
path length) limits the sensitivity of this detection system, which are 1-2 orders of
magnitudes less than that found in HPLC. Several approaches have been adopted to
improve the sensitivity in capillary electrophoresis by increasing the path length or
inner diameter of the capillary, solute derivatisation, pre-concentration techniques,
electrokinetic injection, modified capillary dimensions and use of preconcentrators.
Other modes of detection include laser-induced fluorescence (LIF) (Moller et «l.,
1998; Male and Luong, 2001) , amperometric (Hu ef al., 2000; Zhou ef al., 2001) and
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mass spectrometry (McCourt ef al., 2003) are more sensitive detection methods, and
can be employed for improvement of the detection limit in CE (Picé et al., 2003;

Hernandez-Borges ef al., 2007). LIF system was used to determine various quinolones

_.in_human-plasma._samples_and._obtained limits_of quantitation (LOQ).of 2.5pg L7 .

(Moller et al., 1998).

A capillary zone electrophoresis (CZE) and micellar electrokinetic capillary
chromatography (MEKC) method for the separation of oxolinic acid and other
quinolone in plasma sample was developed by Hernandez and Coworker (2002). A 75
pm % 85 cm uncoated fused-silica capillary was used, with a run buffer consisting of
40 mM sodium tetraborate (pH 8.1) containing 10% (v/v) methanol. Separations were
carried out within 13 min, with an applied voltage of 30 kV at 30 °C, with UV
detection at 260 nm. A linear relationship was obtained in the concentration range 5-
20 mg L and detection limits were between 1.1 and 2.4 mg L(Hernandez et al.,
2000).

Barrén and Coworker (2003) developed capillary electrophoresis system for
determine oxolinic acid in chicken tissue, with diode array detection. The analytes
were extracted using dichlorometane and pre-concentrated by solid phase extraction
(SPE). The recoveries obtained were 94 %. The detection and quantification limits
achieved were 15 and 48 pg kg respectively. The sensitivity of the method proposed
allows the determination of these drugs at a residue level far below their maximum
residue limit (MRL) established by the European Union (EU) (Barrén et al., 2003).

Oxolinic acid was also determined in feeds and fish meats samples by CE
using UV detection at 254 nm. The buffer solution consisted of 10 mM phosphate at
pH 9.00 and methanol (9:1) was fouhd to be the most suitable for separation (Saad et
al., 2002).

Lara and coworker (2006) have developed and validated capillary zone
electrophoresis-tandem mass spectrometry (CZE-MS/MS) for the identification and
simultaneous quantification of oxolinic acid and other quinolones in beef raw milk.
Different parameters (i.e., separation buffer composition and electrospray conditions)
were optimized in order to obtain both an adequate CE separation and a high

sensitivity. The limits of detection and quantification (below 6 and 24 ppb,
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respectively) were lower than the maximum residues limits tolerated for these
compounds in milk, the recoveries ranging from 81 to 110% (Lara ef al., 2000).

The major disadvantage of CE is its low concentration sensitivity (Barrén et

(Simonet ef al., 2003) and limited for application to the analysis of drug residues in
foods (Saad ef al., 2002).

Buffer

High voltage
supply

Figure 1.10 Capillary electrophoresis systems
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1.5.3 High performance liquid chromatography (HPLC)

HPLC is a separation technique. The separation of oxolinic acid is usually

performed with silica-based reversed phased columm, mainly C,g (Ramos ef al., 2003;

Turiel et al., 2006; Rubies ef al., 2007) or Cg (Bailac ef al., 2006; Hermo et al., 2000;
Hassouan et al., 2007; Karbiwnyk et al., 2007) and in some cases Cs (Pecorelli ef al.,
2003). Due to the residual silanol groups and metal impurities in column packing
materials, conventional reversed-phase column lead to severely tailing peaks
(Maraschiello et al., 2001). Therefore, most methods used end capped columns or
high purity silica column which are free of trace metals responsible for the
strengthening of the acidic properties of silanol groups (Delépée et al., 2002).

Many different HPLC conditions for determination of oxolinic acid are
described in the literature, especially concerning the mobile phase, with variations in
ionic strength, acidity, or adding modifiers such as citric acid, perchloric acid or
tertiary amine salts (Ramos et al., 2003). Mobile phases containing acetonitrile,
tetrahydrofuran and methanol are applied almost exclusively to the determination of
oxolinic acid, especially when a polymeric column is used. Several tail-reducing
agents are added to these mobile phases to improve peak shape. The pH was kept in
the range 2-4 in order to reduce silanol ionisation and minimise its interaction with
oxolinic acid, which are present as cationic species (Touraki ef al., 2001; Delépée et
al., 2002; Prat et al., 2000).

Ability of HPLC technique to detect compounds depends on the type of
detector used. The choice of the detection system is very important for selectivity and
sensitivity (Toldra and Reig, 2006). Several spectroscopic techniques, such as
ultraviolet-visible (UV) absorption (Ueno et al, 1999; Touraki et al., 2001),
fluorescence (Pouliquen ef al., 2000; Maraschiello ef al., 2001; Hassouan et al., 2007)
or mass spectromeiry (Johnston ef al., 2002) are used for oxolinic acid detection. The
most used detector of the HPLC determinations is the fluorimetric (Prat et al., 2004).
The emission spectrum consists of a wide band centre at 350-400 nm. Fluorescence
signal depends strongly on the pH of the medium. Thus, the anionic species do not

generally show native fluorescence, whereas the highest fluorescence is obtained at
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low pH (from 2.5 to 4.5). At these pH values, neutral species prevail for quinolone
(Hernandez-Arteseros et al., 2002).

Determination of oxolinic acid using liquid chromatography coupling with

ultraviolet (LC-UV) detector (Bailac et al., 2006; Graces et al., 2006). LC-MS offers
advantages over other detectors, such as selectivity, identification purposes and
possibility of elucidation structures (Chambers et al., 2007). However, The LC-UV
method offers lower cost. In both cases, oxolinic acid could be detected at
concentration levels below the MRL, although LC-MS allows the determination of a
lower concentration of oxolinic acid than does LC-UV, due to the high sensitivity of
the technique. Hermo and coworker (2006) also developed method for determination
of oxolinic acid in pork and compared between liquid chromatography with
ultraviolet detection (LC-UV), liquid chromatography-mass spectrometry (LC-MS)
and liquid chromatography-tandem mass spectrometry (LC-MS/MS). When MS
detection was used, the selectivity of the technique allows the multiresidue
determination of quinolones in complex matrixes (Toussaint ef al., 2002). The LOD
and LOQ of all methods are much lower than the MRL fixed by European Union. The
use of MS allows the determination of quinolones below of MRL/3 while the use of
MS-MS detection allows the determination of residues of the series of quinolones
studied below of the MRL/30.

Atmospherically pressure chemical ionization (APCI has also been
introduced for LC-MS and LC-MS/MS with in source collision-induced dissociation
(CID). Mass spectrum obtained at low cone CID voltage consists of [MH] and
[MH+CO;,}", and higher cone-voltages, a peak corresponding to {MH-H,O]" also
appears. APCI-MS/MS was used to determine product ions from the [MH]" peak
following CID in the gas cell. Loss of HyO was first transition observed followed by
loss of CH;=CH; (Hermandez-Arteseros ef al, 2002). Li and coworker (20006)
proposed fragmentation pathways of oxolinic acid by ion-trap CID is shown in Figure
1.11 and obtained the fragmentation as reported by Hernandez-Arteseros and
coworker (L1 ef al., 2006).
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Oue limitation associated with LC-MS analysis is its susceptibility to matrix
effect (Buhrman et al., 1996; Fu et al., 1998; King et al., 2000; Dams et al., 2003).

Matrix effect is defined as the effect of co-eluting residual matrix components on the

response is accompanied by diminished precision and accuracy of subsequent
measurements (Mei et al., 2002). In the trace level analysis, matrix effects can be

highly variable and can be difficult to control or predict (Petrovic et al., 2006).

Oxolinic acid (OXO
(OX0) 54 ("1"\234 and 216(-H,0)
Cy3H i NOs 0 N 244 +
261.063722 | H H
A on |

262 (M+H)", 244 (-1120), 234 (-CO or GH,), O SO
216 (-H,0, -COor C,Hy) i ;

0 0

16 234

Figure 1.11 Fragmentation pathways of oxolinic acid by ion-trap CID (Le et al.,
2006)

HPLC is getting expanded use in control laboratories due to the possibility to
analyse simultanecusly muitiple residues in a sample in relatively short time.
Developments of high speed HPLC can reduce sample treatment and analysis time. In
addition, this technology is fully automated (injection, elution, washing of column,
detection) and computer-controlled, The main advantages and disadvantages are
compiled in Table 1.3 (Toldrd and Reig, 2006) and Table 1.4 summarized the

determination of oxolinic acid by HPLC technique with various detector.




32

Table 1.3 Main advantages and disadvantages of HPLC technique

Advantages Disadvantages

+ Shiort time (few min/sample) to-obtain the—*-Expertise required

results
* Sensitive * Cost of column
* Specificity depending on detector * High initial investment (equipment)
* Automatisation leading to higher * Need of sample preparation
productivity (extraction and filtration, addition of

internal standard, efc.)
* Possibility to find more information from

spectra when using diode array detector

1.5.4 Other techniques

Other non-chromatographic methods for the determination of oxolinic acid are
based on phosphorimetric sensor. Capitin-Vallvey and coworkers (2003) proposed a
single-use phosphorimetric sensor for determination of oxolinic acid in cow milk and
human urine. It was formed by used a rectangular strip of Mylar type polyester as
solid support that contained a circular sensing zone, formed by PVC plasticized with
tributylphosphate adhered to its surface. When the strip was introduced for 1 hour into
a sample solution, the analyte was retained in the sensing zone, making it possible to
directly measure the phosphrorescence intensity emitted by the oxolinic acid in the
solid phase, at A excitation 330 nm and A emission 449 nm. The method’s detection
limit was 0.01 mg L. This method was simple and inexpensive but still has
disadvantage relatively long response time when the oxolinic acid concentration is

low (Capitan-Vallvey et al., 2003).
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1.6 Method validation

The parameters for method validation have been defined in different working

Administration (US-FDA), United States Pharmacopeia (USP) and the International
Conference on Harmonization (ICH). Validation of analytical methods for
determination of oxolinic acid in various sample were reported only with some
parameters. Normally includes recovery, limit of detection and quantification and

calibration.

1.6.1 Recovery

Recovery studies are essential to evaluate the accuracy of analytical
methologies (Shabir, 2003; Nadarassan et af., 2007). The best approach for
determining recoveries is the analysis of reference material for the matrices and
analytes concerned but no reference material for oxolinic acid in edible tissues is
currently available. Therefore, recoveries are estimated by mean of surrogates that are
assumed to match the behaviour of native analyte in the extraction procedure.
However, there is a risk that spiked samples lead to an overestimation of the
exiraction efficiency (Herndndez-Arteseros et al., 2002).

Many of the literature reported the used of spiked samples for evaluated
recovery, but information about spiking procedures and spiking levels is either too
brief or non-existent (Toussaint et al., 2005; Garcés et al., 2006). Typical spiking
volumes range from 10 to 500 nL. (Johnston et al., 2002; Barrdn ef al., 2003; Turiel ef
al., 2006). Some literature reported information about the equilibration step, which is
carried out by leaving the sample to stand for time ranging from several minuies to
overnight (Prat et al., 2006). In some case, agitation of sample in contact with the
spike for 30 min at room temperature is usually performed prior to leaving the sample
overnight at 4 °C (Rubies et al., 2007).

Some studies on the effect of storage of spiked samples on recoverics are
reported. Oxolinic acid has been found to be stable in spiked crops and oyster stored

at -20 °C over several months (Pouliquen et al., 1994), Oxolinic acid is stable in




_differences in exfraction recoveries were observed. at different levels. Because of the
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salmon meat stored at -20 °C at least for a week. However, when it is stored at 4 °C,
recovery decreases after only 24 h (Hernindez-Arteseros ef al., 2000). The most

advisable option of spiking at two or more levels has been often reported and no

great variety of extraction and clean-up procedures, it is not easy to conclusions about
recoveries. In general, recoveries are over 60% for most of the analytes and matrices

(Yorke and Froc, 2000; Bailac et al., 2004; Beltran et al., 2004)
1.6.2 Limit of detection (LOD) and quantification (LOQ)

Almost all the published methods report the limit of detection (LOD) and the
limit of quantification (I.LOQ). However, these limits are not calculated in the same
way and often authors do not report how LOD was detenuined. According to the EU
Commission Decision 93/256/EEC, LOD must be calculated as the concentration
corresponding to three times the peak-fo-peak noise. This approach is followed by
many authors (Bailac ef al., 2004; Hermo et al., 2006).

Some authors report LOQ instead of LOD. It usually corresponds to the lower
limit of the dynamic range. For most of the proposed methods, LOD are in the low ng
g”! range, which are suitable for residue analysis (Ramos et al., 2003; Karbiwnyk ef
al., 2007; Hassouan et al., 2007).

1.6.3 Calibration

For quantitative analysis consideration must also be given to the most
appropriate preparation of calibration standards. Calibration is a fundamental step in
any analytical method. It is usually carried out by means of external standards
(Cuadros-Rodriguez et al., 2003), which is the most common approach in LC-based
methodologies. Standards usually consist of solutions of pure analytes in the mobile
phase or in an appropriate solvent, which are injected into the chromatographic
system. In some cases the method of standard additions or matrix matched standards
(MMS) (Schneider et al., 2007) may be necessary. MMS is a calibration procedure

where an analyte-fiee matrix is spiked with known amounts of the standard
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(Fernandez-Figares et al., 2004). After extraction of the spiked samples, the solutions
coming from standards are similar to those coming from samples and, therefore any

influence of matrix on the response would be the same for both, Moreover, if the

-..analyte added.to_the quinolone-free matrices (standards) be haves.in the same way as..— ...

the incurred, this approach allows for the correction of any loss of analyte.

Internal standards (IS) are also used for calibration in some of the methods
(Hermo et al., 2005).The use of a suitable internal standard should also be considered
(Poole, 1984). It is always another quinolone such as flumequine and cinoxacin was
considered as IS for determination of oxolinic acid (Pouliquen ef «l., 2000; Touraki et
al., 2001; Fierens et al., 2002). IS was added to the samples at the beginning of the
sample treatment in order to compensate for any uncontroiled effect (Ilassouan et al.,
2007). However, the sample treatments are in general quite complicated, in some of

methods that use an IS as a surrogate (Johnston ez al., 2002).
1.7 Objectives

The objectives of this work are to study the appropriate sample preparation
procedure for analysis of oxolinic acid in edible animal tissues (shrimp, ﬁsh; beef,
pork, chicken meat and chicken liver) using ultrasonic for extraction and solid phase
extraction for clean up. The analysis is performed by highly sensitive liquid
chromatography with fluorescence detector. The developed method was also fully
validated to ensure its acceptability as an alternative analysis method followed the
guidelines of the US Food and Drug Administration (US-FDA), US phamacoepia
(USP) and the International Conference Harmonisation (ICH). '




CHAPTER 2

Experimental

2.1 Chemicals and materials

2.1.1 Standard chemical

Oxolinic acid (Ci3H{;NOs, purity 98%, Sigma, Mo, USA)

2.1.2 Other chemicals

All chemicals and reagents were analytical grade.

*

Acetone (CH;COOCH;: Merck, Germany)

Dichloromethane (CH,Cly: Merck, Germany)

Citric acid (CsHsO7: Fluka, Buchs, Switzeland)

Ethyl acetate (CHCOOC,Hs: LAB-SCAN, Thailand)

Formic acid (CH,O;: Baker, Dagenham, England)

n-Hexane (CH3(CHj;)4CHi: Merck, Germany)

Acetic acid (CH3COOH: J.T. Baker, USA)

Methanol (CH30H: LAB-SCAN, Thailand)

Acetonitrile (CH3CN: LAB-SCAN, Thailand)

Oxalic acid (H,C;04: Fisher Scientific Ltd., Leicestershire,UK)
Phosphoric acid (H;PO4: Carlo Erba, France)

Sodium hydroxide (NaOH: Merck, Darmstadt, Germany)
Sadium oxalate (COONa,: Carlo Erba)

Sodium sulphate anhydrous (Na,SO4: Merck, Germany)
Trifluoroacetic acid (C,H;O;F;: Fluka, Buchs, Switzeland)

Ulfra pure water (H,O, water was de-ionized with reverse osmosis
system and purified with a Maxima ultrapure water instrument fo

obtain the resistivity of 18.2 MQ, ELGA, England)
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2.1.3 Solid phase extraction (SPE) materials

e Polypropylene cartridge, 3 mL

s Supelclean 1.C-18 sorbent (Supelco, Bellefonte, PA, USA)
» Supelclean EN-18 sorbent (Supelco, Bellefonte, PA, USA)
¢ Sepra C18-E sorbent (Phenomenex, USA)

2.1.4 Samples

Shrimp, pork, beef, fish, chicken meat and chicken liver were purchased from

local markets and Department Stores in Songkhla province.

2.2 Instruments and apparatus

2.2.1 High performance liquid chromatograph

¢ High performance liquid chromatograph 1100 series equipped with a
binary pump, micro vacuum degasser, autosampler, thermostatted
column compartment, fluorescence detector and linked to a HP
ChemStation
(Agilent Technologics, Geramany)

¢ Pinnacle I C18 column: 250x4.6 mm, 5 pm (Restek, Bellefonte, PA,
USA)

e Pinnacle II C18 guard column (Restek, Bellefonte, PA, USA)

e Computer system Compaq EVO (Compaq computer, Thailand)

2.2.2 Apparatus

s Analytical Balance AB204-S (Metter Toledo, Switzerland)
¢ Ultrasonic bath AS7240AT (Automatic Science, Japan)
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e Evaporating rotator (EYELA, Japan)
e Vortex Genie-2 (Sciencetific Industries, USA)
e Solvent filiration system (Alltec, USA)

o “Microliter pipette TO L, T00 L, 2007HE, 1000 nL; 5000 pl
(Eppendorf, Germany)

e Amber vial 2 mL with polypropylene screw cap and red rubber septa
(Agilent Technologies, USA)

e Filter membrane Supor® 0.2 um 47 mm (Pall, USA)

e Syringe filter PVDF 0.2 pm 13 mm (Chromtech, USA)

e  (lass microfiber filter GF/F (Whatman, England)

¢ SPE vacuum manifold (Alltec, USA)

s Vacuum pump (Gast manufacturing, Inc., USA)

e General glassware such as volumetric fask, round bottle flask,

Cylinder
2.3 Analysis system

Oxolinic acid in edible animal tissue was analyzed by high performance
liquid chromatography with fluorescence detection (HPLC-FLD). The analysis
system .consists of sample preparation and analysis steps. The sample preparation
procedure is summarized as shown in Figure 2.1. Oxolinic acid was exfracted by
ultrasonic and cleaned-up with solid phase extraction.

Figures 2.2 and 2.3 shows block diagrams of the HPLC system and the optical
fluorescence detector. The mobile phase was degassed and pumped through the
Pinnacle II column by dual piston pumps. The sample, oxolinic acid, was injected into
the C18 column using autosampler and separation based on reversed phase mode.
Then, the eluting compound (oxolinic acid) passed through the flow cell and absorbed
radiation from xenon flash lamp following emit radiation to photocell. The emitted
radiation is measured by photomutiplier tube and calculated to luminescence unit

(LU) by HP ChemStation program (Agilent Technologies, 2002).
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HPLC-FLEB Solid phase extraction Evaporated to drynesy

Figure 2.1 Sample preparation procedure to determine oxolinic acid consists of (A)
extraction by ultrasonic technique and (B) clean-up by solid phase

extraction

Mobile phase
Organic and aqueous solution

% S Autosampler 30’.1)%“&
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Figure 2.2 Schematic diagram of high performance liquid chromatography system
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Figure 2.3 Optical diagram of fluorescence detector (FLD) (Snyder and Kirkland,
1979)

2.4 Standard solution

Standard solution is a chemical term which describes a solution of known
concentration, prepared using standard substances in one of several ways (IUPAC,
1997). The standard stock solution and working solution of oxolinic acid were

prepared and stored in dark bottles to protect them from light.
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2.4.1 Oxolinic acid standard stock sohitions

The primary stock solution of oxolinic acid was prepared at a concentration of

1000 mg L™ in 0.02 M sodium hydroxide. This. was diluted with the mobile phaseto.a— - — ...

secondary standard stock solution of 2 mg L! and stored at 4 °C in dark bottles.
2.4.2 Oxolinic acid standard working solutions

Working standard solutions were prepared by diluting the secondary standard
stock solution with mobile phase to obtain concentrations in the range of 5-500 ng

mL™,
2.5 Mobile phase preparation

Mobile phase of HPLC system (acetonitrile and oxalic acid buffer solution)
was filtered through a 0.2 um membrane filter. The mobile phase was degassed by
ultrasonic vibration for 20 min. The same procedure was also carried out with water

which was used to remove buffer solution after analysis.
2.6 Optimization of HPLC -FLD conditions

HPLC conditions were optimized to obtain the highest response with good
chromatogram peak shape and short analysis time. The optimized parameters were
excitation and emission wavelengths, mobile phase composition, pH of mobile phase,
buffer concentration, flow rate and column temperature. In these studies, 20 pL of
oxolinic acid working standard solution, 0.5 mg L™, was injected to HPLC system for
optimization. Five replications were performed for each tested value. The starting
operating conditions of HPLC system are shown in Table 2.1. Optimization was done
by changing one parameter and kept others parameters constant. When an optimum
was obtained it was used to optimize the next parameter. After optimization,

system’s performance was investigated.




Table 2.1 HPLC-FLD starting operation conditions
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Parameter Value Reference
Excitation wavelength (nm) 230-340 Pouliquen and
Emission wavelength (nm) 300-500 Armand, 2000
Mobile phase 15 mM oxalic buffer Prat et al., 2006

(pH 2.5) : Acetonitrile
Percentage of organic modifier (%) 40

Mobile phase pIl 3.0

Mobile phase flow rate (mL min) 1,0

Column temperature (°C) 27

Roudant and
York, 2002

Touraki et al.,
2000

Ramos et al., 2003

Grushka and
Grinberg, 2006

2.6.1 Excitation and emission wavelengths

The most important parameters to be optimized in fluorescence detection are

the excitation and emission wavelengths (Agilent Technologies, 2002). To achieve

greatest sensitivity, the excitation wavelength of oxolinic acid was investigated by

scanning the wavelength from 230 to 340 nm while the emission wavelength was

scanned from 300 to 500 nm. The wavelength that gave the highest response was used

as the excitation wavelength to optimize the emission wavelength of oxolinic acid by

scanning the emission wavelength from 300 to 500 nm. The wavelength that gave the

highest response was chosen as the optimum emission wavelength.
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2.6.2 Composition of mobile phase

Composition of mobile phase is investigated for the separation and the

retention behavior of oxolinic. acid.on.a.reversed. phase-column. Since-solvent- type-—— ey

and solvent strength of the mobile phase are the common factors used to control
retention in isocratic reversed-phase liquid chromatography (Kiridena et al., 2004),
the following parameters were optimized i.e. organic modifier, percentage of organic

modifier, pH of mobile phase and concentration of buffer in mobile phase.

2.6.2.1 Organic modifier

Since, methanol and acetonitrile are the most popular solvent used as organic
modifiers in the mobile phase for reversed phase related to lipophilicity estimations
(Sun et al., 2006), thus, methanol, acetonitrile and the mixture (1:1) of the two
solvents were investigated as possible organic modifier in the mobile phase for
separating oxolinic acid at the optimum excitation (265 nm) and emission
wavelengths (375 nm) obtained from 2.6.2. The organic modifier that gave a short

analysis time and good peak shape was chosen.

2.6.2.2 Percentage of organic modifier

The mobile phase consists of oxalic acid buffer solution and acetonitrile (from
2.6.2.1). The percentage of acetonitrile in the mobile phase was varied i.e. 30, 35, 40,
45 and 50 %. Optimum percentage of acefonitrile was the percentage that provided

the highest response with &' >0.5 and short analysis time.
2.6.2.3 pH of mobile phase
pH of the mobile phase, consisted of oxalic acid buffer solution and

acetonitrile (55:45) (from 2.6.2.2), was prepared at 2.5, 3.0, 3.5, 40 and 4.5.

Optimum pH of mobile phase was the one that gave the highest response and good
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peak shape.

2.6.2.4 Buffer concentration

To obtain the optimum concentration of buffer solution, oxalic acid solution
was prepared at 5, 10, 15 and 20 mM. Optimum concentration of oxalic acid buffer

solution was the concentration that gave the highest response and good peak shape.

2.6.3 Mobile phase flow rate

The flow rate of mobile phase (oxalic acid buffer solution and acetonitrile
(55:45)) was varied at 0.7, 0.8, 0.9, 1.0, 1.1, and 1.2 mL min’!. The retention time and
peak width at half height were determined from the chromatogram to calculate the
number of theoretical plate () and height equivalent to a theoretical plate (HETP). Tt

was calculated as follows (Snyder et al., 1997).

2
HETP = £,N = 5.54( tf‘ )
N 1/2
Where L is column length

N is plate number
Wiz is peak width at half-height
tr is retention time of peak (min).
A van Deemter graph was plotted between HETP and flow rate to determine
the optimum flow rate. The flow rate that gave the lowest HETP and short analysis

time were selected,
2.6.4 Column temperature

The optimum column temperature was studied by varied the temperature at 25,
27, 30, 35 and 40 °C. The mobile phase was oxolinic acid buffer solution and
acetonitrile (55:45) at the flow rate of 0.9 mL min? (from 2.6.3). Optimum

temperature of HPLC system was the temperature that gave the highest response
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and short analysis time. The summary of the optimization of HPLC conditions is

shown in Table 2.2.

. Table 2.2 Optimization of HPLC conditions

Parameter Value tested
Excitation wavelength (nm) 230-340
Emission wavelength (nm) 300-500

Organic modifier

Percentage of organic modifier (%)
Mobile phase pH

Buffer concentration (mM)

Mobile phase flow rate (mi L)

Column temperature (°C)

Methanol, Acetonitrile and
Methanol+Acetonitrile (1:1 v/v)

30, 35, 40, 45 and 50
2.5,3.0,3.5,4.0and 4.5

5, 10, 15 and 20
0.7,08,09,1.0,1.1and 1.2

25,27, 30, 35 and 40

2.7 System performance of HPLC-FLD

A system suitability test provides assurance that a system’s performance is

appropriate for the analysis (Shabir ef al., 2003), 50 ng mL" of oxolinic acid standard

solution was used to studies the system suitability. Then, the linear dynamic range and

detection limit of the system were evaluated before analysis of real sample.

2.7.1 System Suitability test

System suitability is the checking of a system to ensure system performance

before or during the analysis of unknowns. Parameters such as capacity factor, plate

count, tailing factors, and repeatability (RSD retention time and area for five

repetitions) are determined and compared against the specifications set for the
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method (Shabir, 2003).

. 2.7.1.1 Capacity factor (k')

Capacity factor (k) is a measurement of the retention time of a sample
molecule relative to column dead volume. Capacity factor was investigated by
injecting a standard solution of oxolinic acid with the automatic injector. The
measurement of parameter, tg and to for &' calculation is illustrated in Figure 2.4, and

equation as the following (Snyder ef al., 1997)

Where tg is retention time of peak

to is void time.
2.7.1.2 Theoretical plates (V)
The theoretical plate is a useful measure of column efficiency. It is the relative

ability of given column to provide narrow band and improved separation. The

measurement is illustrated in Figure 2.4. It was calculated as follows (Snyder ef dl.,
1997) )
N = 5.54( ‘r J
. Wi

Whete Wy, is peak width at half-height

{r is retention time of peak (min).
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Figure 2.4 HPLC chromatogram for evaluation system suitability; tx= retention time,
to= void time, W)= peak width at haft-height, W o= peak width at 5%,
peak front edge width at 5% height, H= peak height

2.7.1.3 Peak asymmetry and Tailing factor (7)

A useful and practical measurement of peak shape is the peak asymmetry

factor or tailing factor. Peak asymmetry is measured at 10% of full peak height. Peak

tailing factor is measured at 5% of full peak height while the peak asymmetry and the

peak tailing factors are interconverted as shown in Table 2.3. The tailing factor (7))

was used to evaluate peak shape and is recommended to be 7<2 (US-FDA, 1994).

The measurement is iltustrated in Figure 2.4. The tailing factor is calculated by the

following equation (Snyder et al., 1997)

Where Ws is the peak width at 5% height from baseline

W, is the peak front edge width at 5% height from baseline.
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Table 2.3 Peak asymmetry and peak tailing factor relationship (Snyder et al., 1997)

Peak Asymmetry factor (at 10%) Peak Tailing factor (at 5%)
1.0 1.0
1.3 1.2
1.6 1.4
1.9 1.6
2.0 1.8
2.5 2.0

2.7.1.4 Repeatability

The repeatability of the chromatographic system was determined by injected
10 times of oxolinic acid standard solution with automatic injector and percentage of
relative standard deviation (%RSD) was obtained for the retention time and peak area.
The %RSD should be less than 1% and 4% for retention time and peak area
respectively (Snyder et al., 1997).

2.7.2 Linear dynamic range

Oxolinic acid standard solution was prepared by diluting stock solution with
mobile phase (oxalic acid buffer: acetonitrile; 55:45 v/v) to the concentration from 5
ng mL” to 20 pg mL". Bach concentration was injected into the HPLC system at
optimum conditions obtained previously. Peak area was plotted versus concentration
of oxolinic acid to obtain the linear dynamic range. Linearity was determined by
considering the coefficient of determination (R (>0.99) (US-FDA, 2000) and peak
shape (7<2) (US-FDA, 1994).
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2.7.3 Limit of detection

The limit of detection (LOD) of the chromatographic system was determined

—based on the standard deviation of y-intercepts of regression lines. For the preparation

of the standard calibration curve, the standard solution of oxolinic acid was prepared
by diluting stock solution at the concentration 2 mg L' with mobile phase. The
standard solution of oxolinic acid was prepared in the range of 0.5-50 ng mL™" and

was analyzed under the optimum conditions of HPLC system.

2.8 Sample preparation

Ultrasonic solvent extraction (USE) and solid phase extraction (SPE) methods
were used in the sample preparation procedures for determination of oxolinic acid in
edible animal tissues. Fortified shrimp sample with 50 ng g oxolinic acid was used

to study the optimum sample preparation conditions.

2.8.1 Fortification of sample

Fortified sample, a sample enriched with a known amount of oxolinic acid,
was used to study the optimum sample preparation conditions and method validation.
Two grams of blank sample was thawed at room temperature (26 + 1°C) before
placing in a 50 mL glass tube. A 100 pL of oxolinic acid standard solution was then
added to the surface and homogenized by vortex for I min. The sample was allowed
to stand at room temperature for approximately 30 min prior to further processing
while covered with aluminum foil to avoid light because it permitted the interaction

between the oxolinic acid and the sample.

2.8.2 Evaluation of spiking sample

The waiting time of spiking sample was evaluated to ensure that all analyses

were adsorbed in the sample at the chosen waiting time (30 min) before extraction,
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Spiked samples at a concentration of 50 ng g ' were stored in the dark for different
lengths of time i.e. 30 min, 1, 3, 5, 12 and 24 h (five replicates). After these times, the

samples were analysed and the responses were compared.

2.8.3 Optimization of sample preparation

Extraction parameters of oxolinic acid from shrimp sample were optimized
and each parameter was repeated five times. Five replications of each extractant were
analysed by HPLC-FLD system at optimum conditions. The starting operation
conditions for optimization of sample preparations are show in Table 2.4. When the
optimum value of one parameter was obtained it was used in the optimization of the

next parameter,

Table 2.4 The starting operation conditions for the optimization of sample preparation

Parameters Start operating values

Ultrasonic extraction

Extraction solvent Ethyl acetate (Hernandez-Arteseros ef al., 2002)
Extraction volume 15 mL
Extraction time 30 min

Solid phase exiraction

Type of sorbent Supelclean C18

Type of eluting solvent Acelonitrile (Bailac ef al., 2006)
Sample flow rate 1 mL min™

Volume of eluting solvent 10 mL

Flow rate of eluting solvent 1 mL min”
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2.8.4 Optimization of ultrasonic extraction (USE)

Since the presence of water in USE generally decreases extraction efficiency

(Wu et al,, 20006; Ridgway et al., 2007) therefore, the fortified sample was mixed with

5 grams of anhydrous sodium sulfate to achieve a dried sample. The sample was
sonicated for 30 min at room temperature. The extractant was passed through a
Whatman 40 filter, the filtrate was transferred into a 100 mI. round bottom flask. The
extraction was repeated twice. Organic extractants were evaporatéd on a rotary
evaporator at 50 °C to dryness and the residue was dissolved in 2 mL of mobile phase.
The concentrated extractant was transferred onto a SPE cartridge for the clean up. The
aim of the optimization procedure was to improve the extraction efficiency with
minimum solvent and time consumption. Parameters investigated were extraction

solvent, solvent volume and exiraction time.
2.8.4.1 Extraction solvent

In the extraction process extraction solvent is the most important parameter
(Lambropoulou et al., 2006). Therefore, extraction efficiency of various medium
polarity organic solvents (ethyl acetate, acetonitrile, dichloromethane, acetone, and
methanol) was compared. The solvent that provide the highest response was used as

extraction solvent,
2.8.4.2 Solvent volume

To investigate the optimum volume of solvent 2 g of spiked shrimp samples
were sonicated for 30 min with various solvent volumes, 5, 8, 10, 15, 20 and 30 mL of
ethyl acetate. The least amount of solvent that provided the highest response was

selected as extraction volume.
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2.8.4.3 Extraction time

Optimum extraction time was determined using 2 g of spiked shrimp samples

-and-sonicated-for-5;-10;-15;20;-30;-40-and-50-min-with-10-mL, of ethyl acetate. The

extraction time which provide the highest response and shortest time was selected.
2.8.4.4 Stability of Oxolinic acid under ultrasonic condition

After the optimum conditions of ultrasonic extraction were obtained the
stability of oxolinic acid under these conditions was investigated. The method was as
follows: 1 mL standard solution (50 ng mL™" of oxolinic acid) was diluted 10 times by
ethylacetate, and then sonicated for 0, 5, 10, 15, 20, 30 and 60 min at 45 °C. Then,
ethyl acetate was evaporated on a rotary evaporator at 50 °C to dryness and the

residues were dissolved in mobile phase for HPLC analysis.

2.8.5 Optimization of solid phase extraction (SPE)

Figure 2.5 Solid phase extraction system used for clean-up sample consists of pump,

cartridges and manifold
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Figure 2.5 shows the solid phase extraction system which involves the use of sorbents
packed in the cartridge to trap analytes and separate them from the bulk of the matrix
(Castro ef al., 2000; Wells and Yu, 2000). The four steps of solid phase extraction

-include-conditioning;-retention;-rinsing-and -elution. In- this-study; the-sorbents were
conditioned with 3 mL of methanol and equilibrated with 3 mL of water (Johnston ez
al., 2002) to eliminate contaminations and to ensure that the sample solution would
properly wet the surface of the sorbent particle. After conditioning, 500 pL of
extractant was passed through the carfridges where oxolinic acid would be retained.
They were then rinsed with 3 ml of hexane to defat followed by 1 mL. of water to
remove interference. Oxolinic acid was then eluted with eluting solvent. The eluent
was evaporated to dryness at 50 °C. The residue was reconstituted with the mobile
phase and filtered with a 0.2 ym PVDF syringes filter. Twenty microliters was
injected into HPLC system at the optimum conditions. The optimization of solid
phase extraction for analysis of oxolinic acid were type of sorbent, type of cluting

solvent, sample flow rate, volume of cluting solvent and flow rate of eluting solvent.
2.8.5.1 Preparation of solid phase extraction cartridges

Each cartridge was prepared by first plugged a GF/F glass microfiber filter
into the bottom of a 3 mli plastic syringe using a syringe plunger followed by 0.3 g of
sorbent then a GF/F glass microfiber was plugged on the fop as frit to retain the
sorbent. The packed SPE cartridge is shown in Figure 2.6.
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i
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Glass microfilter

Figure 2.6 Packed SPE cariridges

2.8.5.2 Type of sorbent

Different types of SPE sorbents have been used to separate the oxolinic acid
from samples of high matiix (edible animal fissues). Supelclean 1.C-18, Supelclean
EN-18, Sepra C18-E sorbents and Waters Oasis HLB cartridges were compared and
the sorbent that gave the highest efficiency (high response and low interfercnce) was

chosen.

2.8.5.3 Type of eluting solvent

The eluting solvent should be strong with respected to analytes for high
selectivity. Acetonitrile (75%) combined with 25% of difference acidic solutions
(Hermo et al., 2006) (phosphoric acid, citric acid, formic acid, acetic acid and
trifluoroacetic acid) were tested. The eluting solvents that provide highest response
were selected as eluting solvent. Different concentration of triffuoroacetic acid (0.2,
0.4, 1.0, 2.0, 3.0, 4.0 and 5.0) which is the optimum eluting solvent was also studies.

The lowest concentration that provided highest response was chosen,
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2.8.5.4 Sample flow rate

The sample flow rate was optimized for the maximum efficiency. The flow

rate was varied at 0.2, 0.6, 1, 2, 3, and 4 mL min’’. The flow rate.that gave the highest oo

response was then selected.
2.8.5.5 Volume of eluting solvent

The volume of eluting solvent should be enough to elute all analyte in order to
obtain the highest recovery. The volume of eluting solvent was investigated by
varying at 1, 2, 3, 4, 5, and 10 mL. The Ieast solvent volume that provided the highest

response was then sclected.
2.8.5.6 Flow rate of eluting solvent

Oxolinic acid was eluted from the SPE sorbent using the mixture of
trifluoroacetic acid and acetonitrile (25:75, v/v). In order to minimize eluting solvent
and shott analysis time, the flow rate of eluting solvent was varied at 1,2,3 and 4 mL

min, The flow rate that gave the highest response was then selected.
2.8.6 Effect of defatting

Analysis of oxolinic acid in complex food samples requires defatting step.
Hexane which is a non-polar solvent was used in this step (Hermo et al., 2005). The
defaiting step was investigated in both liquid—liquid extraction and the addition of
hexane to the SPE cartridge. The obtained results were also compared with non-
defatting. The summary of the optimization for sample preparation is shown in the
Table 2.5.
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Table 2.5 Optimization of sample preparation

Parameters

Optimization values

Ultrasonic extraction

Extraction solvent
Extraction volume
Extraction time

Stability of oxolinic acid

Solid phase extraction

Type of sorbent

Type of eluting solvent

Trifluoroacetic acid

Sample flow rate

Volume of eluting solvent

Flow rate of eluting solvent

Defalting effect

Ethyl acetate, acetonitrile, dichloromethane,
Acetone, and methanol

5,8,10, 15,20 and 30 mL

5, 10, 15, 20, 30, 40 and 50 min

0, 5, 10, 15, 20, 30 and 60 min

Supelclean LC-18, Supelclean EN-18, Ssepra C18-E
sorbents and Waters Oasis HLB cartridges

Various acidic solution (phosphoric acid, citric acid,
formic acid, acetic acid and trifluoroacetic acid) in
acetonitrile, (25:75, v/v)

0.2,04,1.0,2.0,3.0,4.0 and 5.0 (%)

0.2,0.6, 1,2, 3, and 4 mL min™*

1,2,3,4,5and 10 mL

1,2, 3 and 4 mL min™

Non defatting, in LLE and SPE procedure
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2.9 Matrix match calibration curve

Matrix maich calibration curve was catried out by spiking standard oxolinic

acid into extracted blank sample (matrix standard;. corresponding -to-blank--sampleg---mr o

fortified at the end of sample preparation). Oxolinic acid standard solution was added
to extracted blank sample by increasing levels of standard concentration in the sample
from 5, 10, 20, 50 to100 ng mL". Oxolinic acid standard solutions at the same
concentration were also injected in the parallel with matrix standard. The experiments
were done in five replicates. The matrix match calibration curve was obtained by
plotting the peak area versus concentration of oxolinic acid. The response from the
chromatogram per unit of concentration of oxolinic acid in the unknown samples is

then calculated mathematically from the matrix match calibration curve.
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2.10 Sampling

Samples were purchased from fresh markets and department stores in Hat Yai

city. Before analysis, the sample was thawed at room temperature for about 1h then

performed as the procedure is shown in Figure 2.7.

L Sample (2g) ]

> Adds 5 g of NaySOy4

> Adds extraction solvent

[ Ultrasonic exiraction ]

» Evaporate at 50 °C
> Reconstitute with 2 mL mobile phase

[ Solid phase extraction ]

» Condition: 3 mL of methanol

> Equilibration: 3 mL of water

» Load sample 0.5 mL

> Wash with 3 mL of hexane and 1 ml. of water

{] > Elute with eluting solvent

[ SPE extract T

» Evaporate at 50 °C
» Reconstitute with 1 mL of mobile phase and filter

[ HPLC-FLD J

Figure 2.7 Analytical procedures for determination of oxolinic acid in edible animal

tissues
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2,11 Method validation

Analytical test method validation is carried out to ensure that an analytical

that an analyte will be analyzed (Feinberg, 2007). Analysis of drug using HPLC were
generally validated followed the guidelines of the US-FDA (1994), US Pharmacopeia
(USP) and International Conference on Harmonization (ICH) (Table 2.6). The
proposed method was then validated to cover those specified by the US Food and
Drug Administration (US-FDA), US Pharmacopeia and the International Conference
Harmonisation (ICH) guideline for bioanalytical method validation. Parameters
include selectivity, linearity, recovery, accuracy, precision, limit of detection (LOD)
and limit of quantification (LOQ), stability, robustness and system suitability were
established.

Table 2.6 The ICH, USP and FAD validation parameters

ICH/USP validation US-FDA validation US-FDA GMP (legal)

parameters requirements requirements

Specificity Sensitivity Accuracy

Accuracy Recovery Sensitivity

Precision Reproducibility Specificity
-Repeatability Robustiness Reproducibility
-Intermediate precision Sample solution stability
-Reproducibility System suitability

Limit of detection

Limit of Quantification
Linearity

Range

Ruggedness

Robustness
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2.11.1 Selectivity

The selectivity of an analytical method is the ability of the method to measure

...the.analyte response.in.the presence. of other.components. of the sample (Clemente-et

al., 2006). The selectivity of oxolinic acid was evaluated by comparing six different
sources of blank sample and spike sample follow guideline for indusiry bioanalytical
method validation (US-FDA, 2001). The samples were purchased from different
markets or on different days in the area of Hat Yai. The method will be selectivity if
not presence of other compound in the chromatogram at the same retention time of

oxolinic acid.
2.11.2 Range and linearity

Linearity was determined with seven concentration levels (5 -500 ng g ). Bach
conceniration was performed five times. Linear relationship was obtained between the
peak area and the corresponding concentrations. The equation of linear regression was
performed using least-squares method. The coefficient of determination was

considered and requited more than 0.99 (US-FDA, 2000).
2.11.3 Accuracy

The accuracy of the analytical procedure is the extent to which the test 1'eslllts
generated by the procedure and the true value agree (Grushka and Grinberg, 2006).
The accuracy of the method was evaluated by spiking blank sample at three
concentrations (50, 100 and 200 ng g™). The accuracy is expressed as the relative
etror of measurement (RE, %) and should be less than 20% (US-FDA, 2001)

RE (%)= (Mean calculated concentration — true concenfration) x 100

True concentration
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2.11.4 Precision

Precision demonstrates the ability of an analytical method to produce

_..consistent results. Precision is.the. degree. of reproducibility. among a-set-of individual oo oo

results, including any internal variations inherent in an analytical method. Precision
can be divided into three categories: repeatabiﬁty, intermediate precision and
reproducibility (ICH, 1996; Grushka and Grinberg, 2006).

Repeatability (intra-day precision) demonstrates the precision of the
mstrument itself and is obtained when the analysis is performed using the same
instrumental operating conditions over a short period of time. Intermediate precision
(inter-day precision) evaluates the data generated over an extended period of time.
Intermediate precision ensures that an analytical method is precise despite random
events affecting operating conditions within the same laboratory (Srinubabu et al.,
2007). Reproducibility analyzes the performance of an analytical method in more than
one laboratory (Ermer and Ploss, 2005).

The precision of method was evaluated include the standard deviation, relative
standard deviation, coefficient of variation and confidence interval. Relative standard
deviation is the parameter of choice for expressing precision in analytical science,

which may also be expressed as a percentage, using the equation:

RSD = 100s/ xy,
Where s=[D (x,-x,)" /n—=11"x, = > x,/n

n is the total number of measurements

x; is number of the individual measurements.

The precision was calculated as intra-day precision and inter-day precision,
expressed by means of the percentage relative standard deviation. In this work, intra-
day-precision was evaluated in one set, of fificen samples, at three concentration

levels (50, 100 and 200 ng g™). The procedure was repeated on three different days to

determine inter-day-precision.
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2,11.5 Recovery

The recovery was quantified by calculate the ratio of the slopes of the

..-calibration.curves. of .extracted. spike samples with-standard-solution- that- prepared-at

the same concentration. Five replicates of spiked samples at five different
concentration levels (5, 10, 20, 50, 100 ng g'l) of oxolinic acid were extracted

following the proposed method.
2.11.6 Limit of detection (LOD) and quantification (LOQ)

The LOD and LOQ were established using the calibration curve methodology
(Sys and S;) with spiked samples at different concentration levels (5, 10, 20, 50
and100 ng g™). The calculation of these methods according to equation (1) and (2) for
LOD and LOQ, respectively,

S
LOD =3.3x~2"% and LOD=3.3X% e (1)
! Sya'x S

LOQO =10x and  LOQ =10x"+ e (2)

Equation (3) was used to calculate Sy, which estimates the random errors in
the y-direction. This equation utilized the y-residual, ¥, - ;;—’ where ;;l. values are the
points on the calculated regression line corresponding to the individual x-values, was
described in Figure 2.8. The standard deviation of y-intercept (S,) was calculated

using equation (4).

e (3)

o A(4)
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Intercept

X
Figure 2.8 The y-residuals of a regression line (King ef al., 2000)

2.11.7 Stability

Since the analysis of biological samples for drug testing is not usually
performed immediately after sample collection such as instrument breakdown or
overnight analyses using autosampler. Instability of the analyte in the sample matrix
during storage before analysis may give rise to significant deviations of the analysis
result (Hartmann ef al., 1998). It is therefore, very important to know the optimal
storage conditions to keep drugs stable at least during the storage time. Sample and
standards should be tested over at least a 24 h period (depends on need). Stability
procedures should evaluate the stability of the analytes during sample collection and
handling, after long-term (frozen at the intended storage temperature) and short-term
(room temperature) storage, and after going through freeze-and-thaw cycles (Peters ef
al., 2007). All these studies were evaluated by HPLC-FLD which modified from
guidance for industry bioanalytical method validation (US-FDA, 2001).
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2.11.7.1 Short-term stability

Five samples at a concentration of 10 ng g™ (low level) and 100 ng g (high

level) were processed and the extracts dissolved in mobile phase were stored at room

temperature and kept at this temperature for 48 h (based on the expected duration that
samples will be maintained at room temperature in the intended study in the
autosampler). They were analysed at the beginning and after 2, 4, 8, 12, 24, 36 and 48
h to ensure that samples are stable at room temperature for at least 2 days. This study
was done by dissolve the samples with the mobile phases. The samples went through
the extraction method before being analysed. The accuracy values and standard
deviations between the concentration found and initial concentration was used for the

stability evaluation.
2.11.7.2 Freeze-and-thaw stability

Five samples at a concentration of 10 ng g™ (low level) and 100 ng g (high
level) were processed, and the evaporated extracts were dissolved in mobile phase
were subjected to three freeze-and-thaw cycles. The samples were stored at -20 °C for
24 h and were then thawed at room temperature. Afterwards, the samples were
refrozen for 24 h under the same conditions. This cycle was repeated two more times.
The samples was analysed at the beginning of the process and after each freeze/thaw
cycle. The concentrations of oxolinic acid found in each determination were
compared to ensure that there is no variation during these processes, The accuracy
values and standard deviations between the concentration found and initial

conceniration was used for the stability evaluation.
2.11.7.3 Long-term stability

Five samples at a concentration of 10 ng g (low level) and 100 ng g (high
level) were stored at -20 °C for 3 months. Then, these samples were analysed and

compared with three fresh samples at a concentration of 10 ng g and five fresh
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samples at a concentration of 100 ng g The accuracy values and standard deviations
between the concentration found and initial concentration was used for the stability

evaluation.

2.11.7.4 Standard aqueous solutions

The stability of aqueous standard solutions was evaluated by kept at 4 °C. The
standard solution were analysed every two weeks and were compared with freshly

prepared standards.

2.11.8 Robustness studies

The robustness of a method is its ability to remain unaffected by small
deliberate variations in method parameters (Kulikov and Zinchenko, 2007). The
robustness was evaluated by deliberate variations of the method parameters. The
factors selected to examine were variation in mobile phase flow rate, column
temperature, mobile phase pH and mobile phase composition (percentage of
acefonitrile) (ICH, 1996) .The positive and negative variations from optimum values

are shows in Table 2.7. Only one of these parameters was changed on one occasion.

Table 2.7 Robustness study

Variation parameters Optimum conditions  Variation values
Mobile phase flow rate 0.9 mI, min™ 0.8, 1.0 mL min
Column temperature 25°C 20,25°C
Mobile phase pH 3.5 32,38

Percentage of acetonitrile 45 % 42, 48 %
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2.12 Qualitative and quantitative analysis of oxolinic acid in edible animal tissues

2.12.1 Qualitative analysis

The retention time data was applied for the qualitative analysis. The retention
time of the sample chromatogram was compared with retention time of the standard

chromatogram to identify the oxolinic acid peak.
2.12.2 Quantitative analysis

Quantitative analysis of oxolinic acid in edible animal tissues was based on the
response of chromatographic peak that was proportional to the amount of analyte.
Peak area of oxolinic acid was compared to standard calibration curve. When it was
non detectab_le (ND) or lower than LOQ the standard addition method was

implemented for quantitative analysis.
2.12.2.1 Standard addition method

The standard addition was performed in the sample that showed non
detectable response or lower than the LOQ of oxolinic acid. This method was carried
out by spiking the oxolinic acid into 2.00 grams of various samples. Oxolinic acid
standard solution was added into the sample by increasing levels of standard
concentration in the sample from 5, 10, 20, 50 t0100 ng g”. The spiking was done
before the sample preparation step. Then the spiked and un-spiked samples were
analysed by HPLC under the optimumn conditions. The experiments were done in five
replicates. The response from the chromatogram per unit of concentration of oxolinic
acid in the unknown samples is then calculated mathematically from the calibration
curve. The results plotted as shown in Figure 2.9 (Miller and Miller, 2000).
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Figure 2.9 The method of standard additions.
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CHAPTER 3

Results and Discussion

3.1 Optimization of HPLC-FLD conditions
3.1.1 Excitation (A.) and Emission (Aem) wavelengths

Determination of oxolinic acid was performed by reversed-phase liquid
 chromatography (RPLC) with fluorimetric detection (FLD) because it is mainly used
for trace analysis (Prat ef al., 2004). Oxolinic acid is polar compound and highly
fluorescent (Pouliquen and Armand, 2000). In order to obtain the highest fluorescence
signals, the excitation and emission wavelength were optimized. Maximum excitation
wavelength and emission wavelength were obtained at 265 nm (Figure 3.1(A)) and

375 nm (Figure 3.1(B)), respectively.
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(A)
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B)

Figure 3.1 3D plotted of oxolinic acid standard solution, 0.5 mg L. (A) Scanning

excitation wavelengths. (B) Scanning emission wavelength,
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3.1.2 Composition of mobile phase

A general problem for HPLC analysis on basic and polar substances are the

interactions of the bases with the support (Grushka and Grinberg, 2006). The retention
of amphoteric compounds (oxolinic acid) is directly dependent on the organic
modifier in the mobile phase and mobile phase pH (Ho et al, 2004). The
optimizations of the mobile phase composition were organic solvent and aqueous

solution.

3.1.2.1 Organic modifier

The influence of organic modifier on the separation of oxolinic acid was
studied on C18 column based on reversed phase high performance liquid
chromatography (RP-IPLC), where the stationary phase is less polar than the mobile
phase. C18 is packing materials with the alkane chains form a molecular “fur” on the
silica gel granule (Figure 3.2). The separation based on reversed phase with a purely
aqueous mobile phase is not the best results (Grushak and Grinberg, 2006). The
alkane “fur” (the alkane groups; C18) needs amount of organic solvent in the mobile
phase to help raise the alkane chains from a flat position and allow the free circulation
of the solvent molecules. Methanol and acetonitrile are the most popular solvent used
as organic modifiers in the mobile phase for reversed phase related to lipophilicity
estimations (Grushak and Grinberg., 2006; Sun et al., 2006). Oxolinic acid has both
lipophilic and hydrophilic parts in the molecule that can interact with both
chromatographic phase. Oxolinic acid interact with organic modifier aggregates and
species that exist in the mobile phase with the lipophilic part positioned towards the
stationary phase and the hydrophilic groups towards the mobile. In this study, the
chromatographics parameters were obiained as shown in Table 3.1. The results
confirmed that the organic modifier plays an important role in the retention of
oxolinic acid, resulting in different retention time, peak shapes and a little effect on

response. Comparisons of three organic modifiers
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(Methanol, Methanol+Acetonitrile, Acetonitrile) indicated that peaks were more
symmetrical by using acetonitrile than methanol and acetonitrile mixed with

methanol. The reason for this was the acetonitrile has a weak hydrogen bond acceptor

- and-usually-has-a-greater-impact-on-the-solute- salvation- than-methanol.-Besides- that
acetonitrile also has a high dipole moment that can participate in selective dipole-
dipole interaction with certain solute.

In hydro-organic mixtures, both methanol and acetonitrile can self-associate
or associate with water molecules to form clusters but in different extent. Methanol is
able to form hydrogen bonds (HB) by accepting or donating protons whereas
acetonitrile is barely able to form hydrogen bonds. When used as mobile phases, this
difference in hydrogen bonding capability influences the sorption of the modifier into

the stationary phase as well solute partitioning (Sun ef al., 2006).

End-capping

. o1} A
HyC——8i=—=CH; H;C—S8i—CH; 5 (e it e iy / Y .
HC—8i—CH; :'H,C—Si--—- a1 HiC—Si—Cy

Figure 3.2 Stationary phase of reverse phase high performance liquid

chromatography
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Table 3.1 Chromatographic results of oxolinic acid using different organic

modifiers
~ Retention time
Mobile phase Response (L.U*s) Symmetry
(min)

Methanol 17013 9.89+0.04 0.22 £0.04

Methanol :
1762 7.46 1 0.02 0.29 + 0.01

Acetonitrile (1:1 v/v)

Acetonifrile - 179+3 5.1910.02 0.54 + 0.01

3.1.2.2 Percentage of organic modifier (Acetonitrile)

The amount of organic modifier in the mobile phase will have an influence on
the retention of analytes that adsorped onto the stationary phase. The retention times
of oxolinic acid at different percentages of acetonitrile are shown in Table 3.2 and
Figure 3.3. At high percentage of acctonitrile, the retention time and the capacity
factor decreased. The best result (high response, short analysis time and k>0.5) was
obtained at 45% of acetonitrile in the mobile phase. Although 50 % acetonitrile
provided acceptable values it was not chosen since its capacity factor was very close
to the limitation (0.5). Its retention time was also quite short and the peak would

appear near the interference substance in real sample.
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Table 3.2 Chromatogrphic results of oxolinic acid at different percentage of

acetonifrile

. Retention time " . Capacityf actor e s
Percentage | Response (LU*s)
. (min) (%)
30 149+4 10.520+0.005 1.640+0.005
35 175+4 7.680+0.004 1.200+0.003
40 178+£2 6.330+0.005 0.970+0.007
45 183+2 5.200+£0.006 0.800+0.004
50 179+2 4.590+0.008 0.590+0.005
12
10 -
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Figure 3.3 Retention time of oxolinic acid at various percentage of acetonitrile
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3.1.2.3 pH of mobile phase
The severe peak broadening and tailing on reversed phase column are the

interactions of the bases with support. Oxolinc acid is ampholytic compound that
could give a tailing peak in reversed-phase chromatography. The tailing in reversed
phase liquid chromatography is caused by the residue silanol groups and metal
impurities in traditional phase column materials. This makes it impossible to achieve
the chromatographic separation suitable for residue analysis that can fulfil the
requirement of short retention times and good peak shapes. This behavior can be
reduced by mean of mobile phase with high acidity and ionic strength (Ramos ef al.,
2003). Since, pH is one of the most powerful tools for reduced tailing, Therefore pH
of mobile phase was optimized for the best peak shape.

A change in mobile phase pH primarily affects the ionization of acidic or basic
solutes, with predictable changes in retention based on the Henderson-Hasselbach
equation (Wilson ef al,, 2002). In this work, pH of mobile phase (2.5-4.5) was
evaluated and the results are shown in Table 3.3 where increasing pH caused tailing
factor to increase. In view of this low pH should be used however, low pH can also
cause the loss of organic ligands from a silica surface by solvolysis and subsequent
breaking the Si-O-Si bond is the main cause of column deterioration (Claessens and
van Straten, 2004). Therefore, pH 3.5 was chosen as the optimum pH of mobile phase

to prolong column life,
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Table 3.3 Effect of pH of mobile phase

pH -Response (LU*s) Tailing factor (7) + SD
2.5 ~179-£2 - 1.28-%0.02
3.0 184 +1 1.36 : 0.04
3.5 181 £2 1.41 4 0.04
4.0 16542 [.58 +0.04
4.5 161£2 1.77 £ 0.09

3,1.2.4 Buffer conceniration

As a consequence of the presence of acidic and basic functional groups,
oxolinic acid is prone to chemical tailing due to interactions with free silaﬁols in
stationary phase (Maraschiello, 2001). Since oxolinic acid shows strong fluorescence
in aqueous acid solutions (Delépée and Pouliquen, 2002) aqueous oxalic acid was
used to increase the specificity and sensitivity of fluorescence detection that will help
to improve the peak shape by masking the residual silanol groups of the stationary
phase. Oxalic acid buffer concentration in the mobile phase was tested. Table 3.4
shows the response and tailing factor at difference concentration of oxalic acid. The
optimum concentration was chosen as a compromise between high response, good
péak shape and also less amount of chemical. The results showed that 10 mM oxalic
buffer solution can improve the peak shapes and suppress the tailing phenomena of

chromatographic peaks of oxolinic acid.
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Table 3.4 Effect of oxalic acid buffer concentration

Oxalic buffer
Response (LLU*s) Tailing factor (T) £ SD
—{-concentration (mM)-
5 167.4+0.8 1.60£0.06
10 180.7+0.6 1.41+0.04
15 182.3+0.5 1.40+£0.03
20 192.5+0.3 1.4240.05

3.1.3 Flow rate

The column plate number (V) is primarily dependent on ¢olumn quality but it
can be varied by changing flow rate (Snyder et al, 1997). The quantity N is
proportional to column length L and can be expressed as N= L/HETP, HETP is height
equivalent of a theoretical plate. The optimum flow rate (highest column efficiencics)
is a maximum plate number and minimum plate height (H) or HETP. The theory of
the hydrodynamic of chromatography deals with the relationship of the HETP with
the flow dynamics and the properties of the stationary phase (Neue, 1997). When plot
the HETP against a linear velocity (Figure 3.4), can be described by van Deemter

equation

- HETP =4+ £+ Cu+Cu
u

Where HETP is the height equivalent to a theoretical plate, uis the mean
velocity of the mobile phase (in fact the interstitial velocity in packed column)

The A term represents the dispersive contribution from the flow profile (Eddy
diffusion). The mobile phase moves through the column which is packed with
stationary phase. Solute molecules will take different paths through the stationary

phase at random (Figure 3.5a). This cause broadening of the solute band, because
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different paths are of different lengths, Bterm arises from axial molecular diffusion;
the concentration of analyte is less at the edges of the band than at the center. Analyse

diffuses out from the center to the edges (Figure 3.5b). This causes band broadening,

column, which decreases the effects of longitudinal diffusion and C terms are mass

transfer terms in mobile phase (C,,) and stationary phase (C,). The analyte takes a

certain amount of time to equilibrate between the stationary and mobile phase (Figure
3.5¢c-¢). If the velocity of the mobile phase is high, and the analyte has a strong
affinity for the stationary phase, then the analyte in the mobile phase will move ahead
of the analyte in the stationary phase. The band of analyte is broadened. The higher

the velocity of mobile phase, the worse the broadening becomes.

Minimum H

£
L
A, ! :
E : Resistance of mass transfer
B t
I
: Multipart term
] .
1} :‘.{.u ....E..-.. u....K......n......u.......u. .
I . . . .
Longitudinal diffusion
Ao

Mobile phase velocity p (cm/s)

Figure 3.4 A typical van Deemter plot
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Figure 3.5 Contributions to molecular spreading in LC (Snyder and Kirkland, 1979)

In this work, a silica base C18 (Pinnacle IT C18), 250x 4.6 mm LD. with
particle size 5 pm was used in analysis and the results are shown in Table 3.5. The
lowest HETP is the {low rate 0.7 mL min" and columns efficiency decreases when
flow rate increases (Figure 3.6). However, the retention time also decreased (Figure
3.7). In the general HPLC columns are operated at flow rates higher than the
optimum, because higher flow rates allow shorter run times (Snyder ef al., 1997).

Considering efficiency and analysis time, 0.9 mL min" was selected as optimal.




Table 3.5 Retention time and plate height (HETP) of oxolinic acid at various

mobile phase flow rate

“Flow rate (mL min™) | Refention fime (min) HETPx10” (em)
0.7 6.57 +0.03 2.96
0.8 5.72+£0.01 3.06
0.9 5114001 322
1.0 4.57 4 0.01 3.40
1.1 4,16+ 0.01 3.70
1.2 3.81+£0.01 4.02
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Figure 3.6 van Deemter plot of oxolinic acid
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Figure 3.7 Retention time of oxolinic acid at various flow rates
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3.1.4 Temperature

Temperature is a factor used to control retention in isocratic reversed-phase

- liquid-chromatography (Kiridena et al., 2004). The contribution of femperature to the

retention is mainly given by the enthalpy term of the van’t Hoff equation for the
retention factor (Greibrokk and Andersen, 2003; Vanhoenacker and Sandra, 2005),

Ink=-AH/RT+AS/R+Inf

where AH is the enthalpy change associated with the transfer of the solute between
phases, AS is the corresponding entropy change, R is the molar gas constant, 7' is the

absolute temperature and S is the phase ratio of the column,

Therefore, optimization of column temperature has been considered since it is
related to retention and the results are shown in Table 3.6. The increase in temperature
reduced the capacity factor and retention time (Figure 3.8) that are the results of a
decrease in solvent viscosity, increase in diffusion coefficient and sorption-desorption
kinetics as temperature increase (Greibrokk and Andersen, 2003). This enhances the
mass-iransfer rate between the mobile phase and stationary phase (Neue, 1997).
Elevated temperatures usually improve plate heights and the reduction in viscosity
allows the increase in flow rates to speed the analysis (Castells ef af., 2004). However,
the major drawback of the column high temperature is the risk of stationary phase
degradation because bonded silicas are largely thermal unstable (Castells ef al., 2004).
In this work the optimum temperature was chosen at 25 °C as a compromise between
the response, analysis time and capacity factor. Small changes in column temperature
did not effect the elution, but higher increments of 5 °C caused shortening of the

eluting times.




Table 3.6 Effect of column temperature
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Temperature Response Retention time Capacity factor

) (LU*s) (min) *")
25 178 1 5.1140.01 (.826 + 0.005
27 16243 5.08 £0.02 0.814 £ 0.007
30 157+3 5.04 +0.01 0.799 + 0.004
35 147 +5 4.94 + 0.01 0.765 £ 0.003
40 140+ 5 4.48 +£0.,01 0.736 + 0.003

1.0 5

0.9 -

0.8 1

X

0.7 4

0.6 1

0-5 T T L ] 1

20 25 30 35 40 45
Temperature (*C)

Figure 3.8 Capacity factor of oxolinic acid at various column temperatures

All parameters arc summarized in Table 3.7 and Figure 3.9 shows the

chromatogram of oxolinic acid standard at 50 ng mL"




Table 3.7 Optimum conditions of chromatographic conditions
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Factor Optimum value
. Excitation : 265 nm
Detection wavelength ]
Emission :375 nm
Mobile phase A Acetonitrile (ACN)
Mobile phase B Oxalic buffer 10 mM
Ratio A:B 45:55
pH of mobile phase 3.5
Flow rate 0.9 mI, min’!
Temperature 25°C
8 s
6 -
_ Oxolinic acid
&
=
2 4
2
=
[=3
&
& 2
0 T T T -
0.0 2.0 6.0 g.0 Min

Figure 3.9 Chromatogram of oxolinic acid at 50 ng mL™" under the optimum

condition
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3.2 System performance of HPCL-FLD

3.2.1 System suitability tests

Prior to the analysis of sample, the HPLC system must be tested to ensure that
it can generate results of acceptable accuracy and precision. The results of system
suitability testing are shown in Table 3.8.

The capacity factor obtained is within the accepted values, more than 0.5
(Snyder et al., 1997).

The column efficiency was evaluated by considering the plate number. The
obtained plate number is more than the recommend value of ICH.

Peak asymmetry is also important for precise peak integration and thus for
quantitative information. In this work the tailing factor was within the limits
established by ICH guidelines.

The % RSD of retention time and peak arca of ten replicate injections of
standard solution is normally accepted as one of standard criteria (Snyder et al.,
1997). The standard solution of oxolinic acid (50 ng g') was injected to the HPLC
system under the optimum conditions. The %RSD of the retention time was less than
1% (0.39%) and 4% (1.1%) for peak area (Table 3.9) and these are within the
acceptable value of precision (Snyder ef al., 1997).

Therefore, the system under optimum conditions can be applied to its intended

purpose.




Table 3.8 System suitability tests
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..... Parameter Recommendation This work
Capacity factor (k") 0.5<k'<20 0.912 £ 0.004
Plate (V) > 2000 7522 + 113
Tailing factor (T) <2 1.394: 0.03
RSD (Peak area) <4 1.1
RSD (Retention time) <l 0.39
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Table 3.9 RSD of retention time and peak area of oxolinic acid standard

solution at 50 ng g”'
No. Retention time - Pealcare (KU%s) —
(min)
1 5.16 17.6
2 5.17 17.6
3 5.15 17.5
4 5.15 17.5
5 5.14 17.6
6 5.14 17.9
7 5.12 17.6
8 5.14 17.8
9 5.14 17.9
10 5.12 17.9
Average 5.14 17.7
SD 0.02 02
RSD (%) 0.39 1.1

3.2.2 Linear dynamic range

The linear range of HPLC-FID system is the range for which the analytical
signal is directly proportional to the amount of analyte present. The system showed a
wide linear dynamic range (Table 3.10), I ngmL™" to 8 ng mL"! with a coefficient of
determination higher than 0.999 (Figure 3.10). Concentration higher than 8 pg mL’
showed bad peak shape.




Table 3.10 Response of oxolinic acid at various concentrations
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Concentration (ng mL™) Response (LU*s) £ SD
1 0.31+0.01
2 0.54 £ 0.04
5 1.41 £ 0.06
10 28102
20 6.41 £ 0.02
50 152+£0.2
100 343£02
200 66.6 1 0.6
500 160.4 0.7
1000 336+ 1
2000 687.6 £ 0.6
5000 1725+ 2
8000 2820 £ 11
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Figure 3.10 Linear dynamic range of oxolinic acid by HPLC-FLD system

3.2.3 Limit of detection

The limit of detection of the HPLC-FLD system was evaluated based on the
standard deviation of y-intercepts of regression lines (Ribani et al., 2007) and was
found to be 1.03 ng mL™ ( Table 3.11, Figure 3.11)




Table 3.11 Limit of detection of oxolinic acid based on standard deviation of y-

intercepts of regression line.

Concentration (agmE™) | -----Rés ponse (L:U*s)-+SD
1 0.31 4 0.01
2 0.54 +0.04
5 1.41 £0.06
10 ' 3.040.2
20 6.41 4 0.02
50 152£0.2
Equation y =0.3064x-0.0219

R’ 0.999
S+ 0.0954

Syree 0.177

LOD 1.03 ng mL!

* Standard deviation of the y intercept of regression line

** Residual standard deviation of the regression line
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Figure 3.11 Calibration curve of oxolinic acid for calculation detection limit




92

3.3 Sample preparation

3.3.1 Evaluation of spiking of sample

The spiking sample was evaluated to ensure that all oxolinic acid were
adsorbed in the sample at a suitable prolong time before extraction. The responses
obtained from oxolinic acid at various prolong time are not significant different
(Table 3.12 and Figure 3.12). Thus, 30 min was fixed as the time to wait before
extraction samples. Shorter prolong time (<30 min) was not considered because might
be some of oxolinic acid are not adsorbed in the sample which caused effect to the

accuracy of the method.

Table 3.12 Response of oxolinic acid at various prolong times

Spike szzzlgromg Response (LU*s) +SD
0.5 8.7+0.5
1 9.0+ 0.4
3 8.9+ 0.4
5 8.8+0.5
12 8.8%+0.8
24 8.9+0.3
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Figure 3.12 Response of oxolinic acid at various waiting time before extraction
3.3.2 Optimization of ultrasenic extraction
3.3.2.1 Extraction solvent

| Ultrasonic extraction was used to enhance extraction due to the possibility of
selecting the solvent type to obtain maximum extraction efficiency and selectivity
(Ridgway et al., 2007). Since, quinolones (oxolinic acid) is soluble in polar organic
solvents (Hemandez-Axrteseros et al., 2002} and is also a lipophilic molecule
{Loussouam ef al., 1997), thus in the optimization of extraction solvent, different
medium polarity solvents include ethyl acetate, acetonitrile, dichloromethane, acetone
and methanol were used for extraction of oxolinic acid. The polarity index and
solubility in the water of studied solvents are shown in Table 3.13 and the results are
shown in Table 3.14 and Figure 3.13. Results indicated that cthyl acetate is a better
solvent for extracting oxolinic acid followed by acetone, acetonitrile, dichloromethane

and methanol. Ethyl acetate also has less interference from the matrix (Figure 3.14).




Table 3.13 Polarity index and solubility in water of studied solvents
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Selubility in water
Solvent Polarity index
(Yo wiw)....
Dichloromethane 3.1 1.6
Ethyl acetate 4.4 8.7
Acetone 5.1 100
Methanol 5.1 100
Acetonitrile 5.8 100

Table 3.14 Effect of various extraction solvent on the response of oxolinic acid

Seolvent Response (LU*s) + SD
Ethyl acetate 85107
Acetonitrile 62104

Dichloromethane 5710.6

Acetone 62+0.5

Methanol 5600
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Figure 3.13 Responses of oxolinic acid at various extraction solvent
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Figure 3.14 Chromatogram of oxolinic acid at various extraction solvents for

evaluation of selectivity
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Figure 3.15 Response of oxolinic acid at various solvents volume
3.3.2.3 Extraction time

The optimization of extraction time was to improve the extraction efficiency
with minimum time consumption. The results (Table 3.16 and Figure 3.16) showed
that the response increased with the extraction time to 15 min and started to become
constant. Therefore, 15 min was selected because it was the least time that gave the

highest extraction efficiency.
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Table 3.16 Extraction efficiency of various extraction times on the response of

oxolinic acid extraction

Extracﬁon tlme(miu} ........ Response" (LU:-:S)
5 5.8+02
10 6.8t02
15 7.8+0.2
20 8.0+£05
30 79+04
40 794+£0.5
50 8.04+0.6
10 1
1 N I I )\
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2
6 -
2
@
g
4 -
g
=
2 o
9 ¥ 1 ] I 1
0 10 20 30 40 50
Extraction time (min)

Figure 3.16 Response of oxolinic acid at various extraction time
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3.3.2.4 Stability of oxolinic acid under ultrasonic condition

After the optimum conditions of ultrasonic extraction were obtained. The

.stability. of oxolinic.acid.under. this.condition was. investigated to_ensure.that oxolinic

acid is stable under ultrasonic extraction. The sonication time was varied from 5 min
to 60 min at 45 °C. The results (Table 3.17 and Figure 3.17) indicated that no obvious
loss was observed within 5-60 min of sonication. Therefore, oxolinic acids were

stable under the optimum condition of ultrasonic extraction procedure.

Table 3.17 Stability of oxolinic acid under ultrasonic condition at various sonication

times

Time Recovery = SD
5 98.240.7
10 99.8+0.8
15 97 +1
20 1011
30 99.6 £ 0.5
60 98.010.5
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Figure 3.17 Recovery of oxolinic acid under the optimum condition 6f ultrasonic

extraction at various sonication times

3.3.3 Optimization of solid phase extraction

3.3.3.1 Type of sorbent

A comparative study of four sorbents were carried out to achieve the
maximum response of oxolinic acid and optimal clean up efficiency, which would
provided the methods with suitable limits of detection. The results indicated that
Supelclean LC-18 provided the highest response (Table 3.18 and Figure 3.18), due to
the different in physical properties of the sorbent that affect the extraction efficiency,

i.e., parficle size, pore size and percent carbon load (Table 3.19).
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Table 3.18 Response of oxolinic acid at each type of sorbent

Type of sorbent Response (LU*s) £SD
Supelclean L.C-18 12+1
Supelclean EN-18 10+1
Sepra C18-E 10.7£0.7
Oasis HLB 83+£0.5
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Supelclean LC-18 Supelclean EN-18 Supra C18-E Oasis HLB

Figure 3.18 Response of oxolinic acid at each type of sorbent




Table 3.19 SPE sorbents properties
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Particle size | Pore size End-
Sorbent %C Solid phase
(1m) (nm}) ... | capped
Supelclean 1.C-
8 10 40-45 6 Yes C18 (monofunctional silane)
Supelclean EN-
8 17 45 6 Yes (18 bonded to silica
Sepra CI8-E 17 50 6.5 Yes C18 bonded to silica
Poly (divinylbenzene}-co-N-
Qasis HLL.B - 30 8 - y( Y )
vinyl pyrrollidone copolymer

3.3.3.2 Type of eluting solvent

Since non-polar sorbents retain the uncharged quinolones when dissolved in a

polar solvent (Hernandez-Arteseros et al., 2002) Supelclean LCI8 was used as the

SPE sorbent to retain oxolinic acid. Oxolinic acid was then eluted with a suitable

cluting solvent. Literature refers to SPE reverse phase but amphoteric compounds

bind strongly to free silanol groups, and they can not be elute complete with organic

solvent (Babi¢ et al., 2006). To overcome this problem acetonitrile combined with

various acid solutions (25:75 %) were evaluated. The results in Table 3.20 and Figure

3.19 indicated that trifluoroacetic acid combined with acetonitrile provided the

highest response. In order to use minimum solvent consumption percentage of

trifluoroacetic acid was also investigated and the results in Table 3.21 and F igure 3,20

indicated that 3% triftuoroacetic acid is suitable.
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Table 3.20 Response of oxolinic acid at various 3% acidic eluting solvents

Type of acidic solution (3%) Response (LU*s) + SD
Phosphoric acid 941
Citric acid 8.4+07
Formic acid 15+1
Acetic acid 12+2
Trifluoroacetic acid 1741
20 -
16 4
-;n 12 -
o
2
2
g 8-
g
&
4 o
O L L] = L] L]
Phosphoric Citric acid Formic acid Aceticacid  Trifluoreacetic
acid acid

Figure 3.19 Response of oxolinic acid at various eluting solvent




Table 3.21 Response of oxolinic acid at various percentage of trifluoroacetic

acid in eluting solvent
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‘Frifluoroacetic-acid-(%) Response (LU*sy+ SD
0.2 8.8+05
0.4 11+1
1.0 14+ 1
2.0 171
3.0 17.1+£09
4.0 17.0+ 0.6
5.0 170407
20 4
16 - % : (E
¥ 12 4
=
2
2
g 51
3
&
4 -
0 ¥ T T T 3 1
0.0 1.0 2.0 3.0 4.0 5.0 6.0
Trifluoroacetic acid (%)

Figure 3.20 Response of oxolinic acid at different % trifluoroacetic acid
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3.3.3.3 Sample flow rate

In the solid-phase exiraction system, the flow rate of the sample solution is

one of the most important parameters which affects the recoveries of analytes and also

controls the time of analysis. Tt was found that flow rates up to 4 mL min' (the
maximum flow rate of vacuum pump) for sample loading on the cartridge had no
effect on the recoveries as shown in (Table 3.22) and (Figure 3.21). Therefore, 4 mL

min~" was adopted as the flow rate of sample solutions.

Table 3.22 Response of oxolinic acid at various sample flow rate

Flow rate (mL min™) Response (LU*s)+ SD
0.2 125+ 04
0.6 1341
1.0 13+2
2.0 1441
3.0 13.1+09
4.0 13+1
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Figure 3.21 Response of oxolinic acid at different sample flow rate
3.3.3.5 Volume of ¢luting solvent

The volume of eluting solvent in solid phase extraction (SPE) technique is also
an important parameter because it will affect the extraction efficiency. If the volume
is too small it may not be sufficient to elute all the analyte from the sorbent but if it is
too large it will increase waste and cost. Therefore, it was necessary to optimize the
volume of eluting solvent in order to minimize cost and waste and at the same time
maintained the highest response. In this study, Supelclean 1.C-18 sorbent was used to
retain oxolinic acid for clean-up. Then, oxolinic acid was eluted with acetonitrile-3%
trifluoroacetic acid (75:25, v/v) using various volume. The results are shown in Table
3.23 and Figwe 3.22, 3 mL gave the highest response and was selected as the

appropriate solvent volume to elute oxolinic acid from the sorbent.




Table 3.23 Effect of volume of eluting solvent on the response of oxolinic
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acid
Eluting solvent volume (L) Response (LU*SYE£SD
1.0 13.6+0.8
2.0 , 152104
3.0 16.1+£0.4
4.0 16.0+0.2
5.0 16.2+ 0.4
20 4
16 4 %

-
o
I

Response (LU*s)

1

1 2 3 ) s ¢
Eluting solvent volume {mL)

Figure 3.22 Response of oxolinic acid at various volumes of eluting solvent
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3.3.3.6 Flow rate of cluting solvent

The effect of eluting flow rates are shown in Table 3.24 and Figure 3.23. The
_ result indicated that 1.0 mL min’ provided the highest response but did not deffer

from 2.0 mL min™. Considering the reproducibility and minimization of the aﬁalysis

time, 2.0 mL min™ was selected as the optimum flow rate.

Table 3.24 Effect of flow rate of eluting solvent on the response of oxolinic acid

Eluting flow rate (mL min™) Response (LU*s) + SD
0.5 14+2
1.0 16:+2
2.0 16.0+ 0.9
3.0 159+ 0.9
4.0 159+0.8
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Figure 3.23 Response of oxolinic acid at various eluting solvent flow rates

3.3.3.7 Effect of Defatting

In order to defat the sample, a step using hexane was necessary. Defatting was
investigated after extraction of the oxolinic acid in shrimp sample with ultrasonic
extraction and compared the result with no defat sample. The defatting procedure was
investigated in both liquid-liquid extraction and the SPE cartridge by adding hexaue.
The results in Table 3.25 and Figure 3.24 indicated that recoveries were beiter when
hexane was added to the SPE cartridge. The lack of interferences in the separation
suggests a high specificity of the chromatographic method and a good selectivity of
the extraction procedure. Defatting also improved the life time of the guard column.

All optimum conditions of sample preparation procedure are summarized in

Table 3.26.




Table 3.25 Recovery of oxolinic acid at different defatting procedure
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Defatting procedure Recovery (%) = SD
Liquid-liquid extraction 8114
Addition of hexane in SPE cartridge 85+1
No defatting 79+4

100 W

80 4

< 6o
5
g

S 401

20

0 03
LLE SPE No-defat

Figure 3.24 Recovery of oxolinic acid at different defatting procedure




Table 3.26 Optimum conditions of sample preparation procedure
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Parameters Optimum value
Ulirasonic extraction

Extraction solvent Ethyl acetate
Extraction volume (mL) 10

Extraction time (inin) 15

Stability of oxolinic acid (min} 60

Solid phase extraction

Type of sorbent
Type of eluting solvent

Sample flow rate (mL min™)
Volume of eluting solvent (mL)
Flow rate of eluting solvent (nL min™)

Defatting effect

Supelclean LC-18

3% trifluoroacetic acid:
Acetonitrile (25:75, v/v)
4

3

2

SPE procedure

3.3.3.8 Matrix effects

For biological analysis the various compositions in the sample could interfere
with the interest analyte. If the analytes were not isolated from these interferences, it
could lead to a number of effects. They may have the effect of apparent enhancing the
concentration of analyte. Interference usually affect the slope of the calibration curve,
so the slope of the analyte of interest and the slope of the calibration curve are
different in the method of additions that may affect the linearity. The interferences in
edible animal were evaluated and the results are shown in Table 3.27 and Figure 3.25-
3.30.




113

Table 3.27 Response of standard oxolinic acid and spiked samples at various oxolinic

acid concenirations

Figure 3.25 Matrix match calibration curve of oxolinic acid in shrimp

e | Respouse (LU*s)£SD
Concentration
(ng L") Chicken | Chicken
Standard | Shrimp Tish Beef Pork
Meat liver
5 1.65£0.03 | 1.79+0.04 | 1.82+0.08 | 1.80£0.04 | 1.90+0.04 | 1.60+0.02 | 1.70+0.04
10 34+02 |334+0.06 (3204003 | 3.09+0.06 | 3.7120.06 | 3.53+0.04 | 3.48 £ 0.08
20 7.1+03 74+0.5 | 6.83+£0.06 | 6.64+0.04 | 7.01+0.04 7.0+£02 | 6.85+0.04
50 178+07 | 19.6+06 | 184206 | 179+02 17.14+0.2 17.8+0.6 | 179+ 0.6
100 358+£05 | 368+02 | 362x04 35.6+£0.1 357+0.1 36.6+£0.7 | 374038
< Matrix curve (Shrimp)
40 1 ¥y Standard = 0.3594x - 0.1651 [ Standard
R*=1
- 30
k]
= :
2 yMatrix =0.3721x +0.0183
g 20 R? =0.9985
=]
g
2
10 A
0 I 1 3 ] — 1
0 20 40 60 80 100 120
Concentration (ng L)
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AMatrix curve (Fish)
40 - yStandard = 0,3594x% - 0.1651 {1 Standard
R*=1
o~ 30 7]
%
) yMatrix=0.3659x - 0.2459
% R?=0.9997
2 20 - |
)
&
&
10 -
0 L T T ] L] ]
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Concentration (ng L'l)

Figure 3.26 Matrix match calibration curve of oxolinic acid in fish

< Matrix curve (Chicken)

40 1 yStandard = 0.3594x - 0.1651 O Standard
R?=1

30
&
g yMatrix = 0.3592x --0.2861
2 20 - R?=0.9997
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&

10 -

1] T T r . ' .
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Figure 3.27 Matrix match calibration curve of oxolinic acid in chicken
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Figure 3.28 Matrix match calibration curve of oxolinic acid in chicken liver
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Figure 3.29 Matrix match calibration curve of oxolinic acid in beef
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Figure 3.30 Matrix match calibration curve of oxolinic acid in pork

The slopes of standard curve and matrix match calibration curve were test
using two-way ANOVA by taking the null hypothesis (Ip) that the interaction of both
slopes is not significant and alternative hypothesis (H;) that the interaction of slope is
significant. If P value is less than o (level of significance) then null hypothesis was
rejected at that significant level. The results from significant test (Table 3.28) found
that the slope of regression line of standard curve and matrix match calibration curve
were not significant for fish, chicken, chicken liver and beef, quantitative analysis can
be determined using standard curve or matrix match calibration curve. The results
were significantly different, £<(0.01) for shrimp and pork. It’s possible that some
compositions were still in the extracted sample and still have little effect on the
response of oxolinic acid. Therefore, quantitative analysis of oxolinic acid in these

two types of samples should be determined from matrix match calibration curve.
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Table 3.28 Results of statistical test using two-way ANOVA by R software

Matrix Degree of Sum of Mean . P
—.freedom _{ _squares. | _squares
Shrimp 4 3.5 0.9 6.210 0.0020380%*
Fish 4 0.8 0.2 1.6840 0.1931
Chicken meat 4 0.4 0.1 1.1772 03508
Chicken liver 4 1.0 0.2 1.9165 0.1470
Beef 4 0.9 02 1.03%6 0.4115
Pork 4 32 0.8 45711 0.00874 4

Significant codes; “##” (0¢=0.01)

Where; F is the ratio of the two sample variances

P is probability

3.4 Method validation

3.4.1 Selectivity

Selectivity is the ability of the bioanalytical method to measure and

differentiate the analytes in the presence of components that may be present as

impurities, degradedness or matrix components. In the evaluation of the selectivity,

six blanks of different source of samples and spike samples were analyzed at the level

of 50 ng g™, The selectivity of the method was checked by analyzing different types

of blank samples (shrimp, fish, chicken meat, chicken liver, pork, pig liver pork) and

compared the results with spike samples and oxolinic acid standard. The results

showed no interference substance at the same retention time of oxolinic acid for
shrimp (Figure 3.31), fish (Figure 3.32), chicken meat (Figure 3.33), chicken liver
(Figure 3.34), pork (Figure 3.35) and beef (Figure 3.36). Only pig liver have a

interference substance at the retention time of oxolinic acid (Figure 3.37). It is
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possible that the interference might be from feed or some compositions in the liver
which are difficult to remove. However, if the detection of oxolinic acid in pig liver is
needed it is possible to adjust the chromatographic parameters (e.g. mobile phase

_composition) to separate this interference substance from oxolinic acid. Therefore, the

proposed method is selective to shrimp, fish, chicken meat, chicken liver, pork and
beef.

Figure 3.31 HPLC chromatogram (A) blank shrimp sample (B) standard oxolinic
acid (C) spiked shrimp sample with oxolinic acid 5 ng g™
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Figure 3.32 HPLC chromatogram (A) blank fish sample (B) standard oxolinic
acid (C) spiked fish sample with oxolinic acid 5 ng g
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Figure 3.33 HPLC chromatogram (A) blank chicken sample (B) standard

oxolinic acid (C) spiked chicken sample with oxolinic acid 5 ng g™
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Figure 3.34 HPLC chromatogram (A) blank chicken liver sample (B) standard

oxolinic acid (C) spiked chicken liver sample with oxolinic acid
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Figure 3.35 HPLC chromatogram (A) blank pork sample (B) standard

oxolinic acid (C) spiked pork sample with oxolinic acid 5 ng g
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Figure 3.36 HPLC chromatogram (A) blank beef sample (B) standard

oxolinic acid (C) spiked beef sample with oxolinic acid 5 ng g!
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Figure3.37 HPLC chromatogram (A) blank pig liver sample (B) standard

oxolinic acid (C) spiked pig liver sample with oxolinic acid 5 ng g’




3.4.2 Range and linearity
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In this proposed analytical chromatographic technique a linear relationship is

__observed between the detector response @)____and concentration (x) of the analyte in the

samples and a lincar calibration curve was obtained by least-squares lincar regression

procedure, y = ax-+b where b is the intercept of the calibration curve and a is the slope.

The linearity of responses (peak area) versus conceniration of oxolinic acid was

studied in the range of 5-500 ng g to cover the MRL for various sample. The

correlation coefficient, intercept and slope values of oxolinic acid are indicated in

Table 3.29. The high values of the coefficients of determination (R2>0.99) indicated

good correlation between peak areas and oxolinic acid concentrations from 5 to 500

ng g".

Table 3.29 Parameters corresponding to linear regressions obtained from the

calibration curves

Sample Equation fntercept Slope . R?
(LU*s) (LU*s/mgg)

Shrimp | y=0.2796x-1.0546 -1.0546 0.2796 0.9968
Fish y = 0.3260x-1.6468 -1.6468 0.3260 0.9963
Chicken (meat) y = 0.3367x-0.46006 -0.4606 0.3367 0.9968
Chicken (Liver) y=0.2870x +0.6918 | +0.6918 0.2870 0.9914
Pork y=0.2879x+0.5313 | +0.5313 0.2879 0.9926
Beef y=0.2312x +0.5592 | +0.5592 0.2312 0.9969

y = analyte signal (LU%¥s), x = analyte concentration (ng gh
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3.4.3 Accuracy

Accuracy is the closeness of the test results obtained by the analytical method

__to the true value (Shabir et al., 2003). An indication of accuracy was based on the

calculation of the relative error of the mean observed concentration as compared to
the nominal concentration. Relative errors less than 15 % are acceptable according to
FAD for the analysis of biological sample. The inter- and intra-day relative errors at
three concentrations studied are less than 10 % (Table 3.30) and it is obvious that the

method is remarkably accurate which ensures reliable results.
3.4.4 Precision

The precision of the method were studied by measuring the repeatability
(intra-day) and intermediate precision (inter-day). The intra-day precision of the
HPLC-FLD method was evaluated by the analysis of five shrimp samples fortified at
three concentration levels each: 50, 100 and 200 pg kg, Inter-day precision was
based on the same analysis of shrimp samples on 3 days. The results are shown in
Table 3.30. The intra-day relative standard deviations (RSD) were lower than 7.9%
and lower than 8.6% for inter-day assays. Repeatability and intermediate precision are
lower than 15% in z}ccordance with US-FDA guidance for bioanalytical validation
(US-FDA, 2001). These results indicated that the method developed has acceptable

precision.
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Table 3.30 Precision and accuracy of the analysis of oxolinic acid

Norminal concentration (ng g'l)

50.0 100.0 200.0
Intra-day (n=5)
Mean (ng g") 471£2.5 99.2+3.5 183.3 6.6
Precision (RSD, %) 53 3.5 3.6
Accuracy (error, %) -5.9 -0.9 -8.6
Inter-day (n=15)
Mean(ng g 46,5+ 3.8 99.0 + 5.6 190.0 + 6.6
Precision (RSD, %) 8.2 5.7 3.5
Accuracy (error, %) -7.0 -1.0 -5.0

3.4.5 Recovery

The recovery was quantified by calculated the ratio of the slopes of the
calibration curves for extracted samples to the corresponding standard calibration
curve. The results are shown in Table 3.31. Recoveries of oxolinic acid at the studied
concentrations arc higher than 85 % for shrimp, fish, chicken meat, chicken liver,
pork sample which meet US-FDA regulatory method requirement of 80-110% and
higher than 74 % for beef sample. These values are well within the criteria of the
Codex for residue analysis (average recovery 70-110%)(Codex Alimentarius
Commission, 1993). The recovery of beef sample was lower than other sample due to
different characteristic of the meat e.g. size of particle, toughness of meat. And the
optimum condition of ultrasonic exiraction were studied in shrimp sample, when
applied to beef sample were not the optimum value. Better recovery might be
obtained when optimization of ultrasonic extraction conditions was performed in beef

sample.
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Table 3.31 Recovery of oxolinic acid from various samples

Sample Mean recovery (%)
Shrimp 39+ 4
Fish 87+8
Chicken (meat) 9545
Chicken (Liver) 86+ 10
Pork 95+£5
Beef 74+3

3.4.6 Limit of detection (LOD) and quantification (LOQ)

The limit of detection (LOD) is the lowest concentration of analyte in a
sample that can be detected but not necessarily quantitated under the experimental
condition of the method. The limit of quantitation (LOQ) is defined as the lowest
concentration of analyte in a sample that can be quantitatively determined with
suitable precision and accuracy (Shabir et al., 2003 ; Xiao et al., 2007). Official guide
present different approaches to cstimating these limits but leave the analyst
completely free to choose (Ribani et al, 2007). The principal approaches for
determination of the detection limit and the quantification limit, described in liferature
and recommended by the international accreditation systems are signal-to-noise ratio
and standard deviation of the response (ICH, 1996; Grushka and Grinberg, 2006).

Signal-to-noise ratio: The most commonly used is the signal-to-noise ratio
criterion but this method only can be applied in analytical systems that present noise
for the baseline. In analytical separation techniques, such as the chromatography, the
measurement of noise is not trivial and often subjective, To determine the signal-fo-
noise ratio, a comparison is made between the signals from sample components of

low known concentrations, prepared in the matrix of interest and a component-free
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sample in the same matrix. The signal-to-noise ratio can be 3:1 for the detection limit
(Touraki ef al., 2001) and 10:1 for the quantification limit (Kakumanu et al., 2000;
Shao et al., 2007).

oo Standard._deviation (SD)..of the_ response: this approach is based on the
standard deviation of a response (S) and the slope of fhe analytical curve (b). |

The standard deviation of the response can be determined based on the
standard deviation of a blank (Sg), oﬁ the residual standard deviation of the regression
line (Syx) or the standard deviation of the y intercept of the regression line (S2). To get
these data, an analytical curve is constructed from pure analyte in the matrix of
interest, including concentrations close to the expected quantification limit.

It is possible to determine Sp by performing the blank experiment several
times and obtaining an independent value for Sg. However, multiple determinations of
the blank are time-consuming and the use of Sy and S, are quite suitable in practice
(Ribani et al., 2007).

In this wbrk there was no noise in the baseline, also after sample clean up
there was no peak on the chromatogram of blank samples. Therefore, detection and
quantification limits were evaluated using the standard deviation of the linear plot and
the standard deviation of the y intercept which were calculated as described in 2.11.6.
The results in Table 3.32 indicated that LOD and LOQ obtained from the standard
deviation of the curve (syx) were higher than obtained from the standard deviation of
the y intercept (s,) in ail case. The limits of detection and quantification obtained from
both method are below the maximum residue level (MRL) established by the

European Union for all sample tissues.
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Table 3.32 Limit of detection and quantification of oxolinic acid in various samples

S Sy
e Sample . __

LOD LOQ LOD LOQ

Shrimp 59+02 17.8+ 0.6 9.0+0.3 273+ 1.0
Fish 87+04 26+ 1 134+1 41 +2
Chicken (meat) 7.2+03 22+1 11.0£0.5 3341
Chicken (Liver) 17+2 566 2843 86+9
Pork 73403 22%1 11.040.5 37+£2

Beef 2.8+ 0.04 8.4+ 0.1 43+0.1 129+0.2

S.= standard deviation of the y intercept of the regression line

Sys= the residual standard deviation of the regression line

3.4.7 Stability

The stability of oxolinic acid in extracted sample was studied at two different
concentration levels (10 and 100 ng mL™) and different experimental conditions
which included short-term, freeze-and-thaw, long-term and standard solution were
investigated. The accuracy and standard deviations of the concentration found and
initial concentration were used for the stability evaluation. The results of the stability
studies are shown in Table 3.33.

Short-term stability; five samples were processed and the extracts dissolved in
mobile phase were stored at room temperature. They were analysed at the beginning
and after 2, 4, 8, 12, 24, 36 and 48 h to ensure that samples are stable at room
temperature for at least 2 days. (based on the expected duration that samples will be
maintained at room temperature in the intended study in the autosampler). The

accuracy from samples ranged from 96 to 109% after short term stability testing,
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Freeze-and-thaw stability; five samples were processed, and the evaporated
exiracts were dissolved in mobile phase were subjected to three freeze-and-thaw

cycles. The samples were stored at -20 °C for 24 h and were then thawed at room

conditions, This cycle was repeated three times. An aliguot of these samples was
analysed at the beginning of the process and three aliquots more after each
freeze/thaw cycle. The concentrations of oxolinic acid found in each determination
were compared to ensure that there is no variation during these processes. Oxolinic
acid were stable in extracted sample for three freeze-thaw cycles with <15% variation.

Long-term stability; five samples were stored at 20 °C for 2 months,
Afterwards, these samples were analysed and compared with five fresh samples at
both concentration level. The accuracy following its storage period was 93-106% of
the nominal values of 10 and 100 ng mL™" of oxolinic acid.

Standard aqueous solutions; the standard solutions of oxolinic acid in mobile
phase were found to be stable for three months when refrigerated at 4 °C. The
samples were analysed every two weeks and were compared with freshly prepared
standards. The concenfration on comparison with freshly prepared standard after the
storage was 90-104 %. The above results indicated that the oxolinic acid was stable in

the studied conditions.




Table 3.33 Stability study test

|- Quality_control sample. .

Stability (% accuracy) + SD

129

10 ngmL™? (Low) | 100 ng mL™ (High)
Short-term
2h 105+ 4 102+4
4h 99+ 4 102+3
&h 101 +4 97 +£4
12 h 982 94 +5
24 h 99 +2 98+2
36h 99+ 1 96 +2
48 h 10042 935
Freeze and thaw cycle
Cycle 1 99 1 4 905 +7
Cycle 2 098 %2 97 +2
Cycle 3 1002 93+3
Long-term
After 2 months at -20 °C 95+ 2 1006
Standard aqueous
solutions 100+ 4 1002
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3.4.8 Robustness

As defined by the ICH, the robustness of an analytical procedure is a measure

of its capacify to remain unaffected by small, but deliberate variations in method

parameters and provides an indication of its reliability during normal usage. In order
to evaluate the robustness of the propose method. The following parameters were
altered deliberately: the mobile phase flow raté in the variants: 0.8 and 1.0 mL min™,
the pH of mobile phase in the variants: 3.2 and 3.8, the column temperature in the
variants: 20 and 30 °C and percentage of acetonitrile in the variants 42 and 48 %.
Other parameters were kept constanf at the optimum values during variation in one
parameter. The deviations of capacity factor (k), plate (N}, tailing factor (7) and peak
arca were calculated with parameters 0.9 mL min’l, 3.5, 25 °C and 45% as reference

values, which is the optimum condition of chromatographic system. The response
| (peak area) had no significant changes when the parameters were modified
(deviations <10%). Method robustness (Table 3.34) shows that the minor changes of
the operational parameters have little effect or do not lead to essential changes of the
chromatographic separation (capacity factor). But tailing factor of analytes will
increase or decrease when the composition of the mobile phase and pH has been
changed. However, the values are acceptable, lower than 2 in both cases and these
should be careful chosen and set in order to the control chromatographic behavior of

oxolinic acid,
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‘Table3.34 Resuilt for robustness test study

Parameter Variation k N (x10%’ T
) 0.8 0.966 30.7 1.45
Mobile phase flow
0.9 0.912 30.1 1.40
rate
o 1.0 0.908 27.2 1.39
(mL min™)
20 0.958 31.1 1.40
Column temperature 25 0.912 30.1 1.40
(°C) 30 0.884 29.5 1.37
3.2 0.914 29.1 1.34
Mobile phase pH 3.5 0.912 30.1 1.40
38 . 0.902 273 1.50
o 42 1.072 29.0 1.70
Acetonitrile
45 0.912 30.1 1.40
percentage
48 (.824 28.3 1.34
(%)

*Theoretical plates per meter
Tailing (symmetry) factor (7) and number of theoretical plates () was calculated by
formulas: T= W/(2Wa) and N=5.545(t/Wi,2)°, where W is the peak width at 5%
height from baseline Wa the peak front edge width at the same height and Wy, is the
peak width at half height.




132

3.5 Qualitative and quantitative analysis of oxolinic acid in edible animal tissues

3.5.1 Qualitative analysis

The optimum conditions of HPLC-FLD were used to analyse oxolinic acid in

edible animal tissues. For qualitative analysis, retention time of the spiked sample
chromatogram was compared with retention time of the standard chromatogram to
identify the oxolinic acid peak (Figure 3.38). The average retention time of oxolinic

acid was 5.11 £ 0.01 minutes.
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Figure 3.38 Chromatogram of oxolinic acid standard (A) and spiked shrimp

sample (B) at the optimum condition

3.5.2 Quantitative analysis

Quantitative analysis of oxolinic acid was done by comparing the response
(peak area) of oxolinic acid in the sample to the matrix matched calibration curve
(shrimp, pork) and standard calibration curve (fish, chicken, chicken liver and beef).
Three samples of shrimp, fish, chicken meat, chicken liver, pork and beef meat were

analysed but no response of oxolinic acid was obtained. Therefore, one from each
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sample was used to perform the standard addition method. The response and standard
addition curve of each sample are shown in Tables 3.35-3.40 and Figures 3.39-3.44,
The results are shown in Table 3.42 confirmed that no oxolinic acid presented in

_..shrimp, fish, chicken meat, chicken liver, pork and beef samples. Although oxolinic

acid was not found it has been proven that this method can be used to analyte trace
residue. It would be useful for testing oxolinic acid residue when there is an epidemic

in animals that will require oxolinic acid treatment.

Table 3.35 The results of standard addition calibration curve of oxolinic acid in

shrimp sample
Concentration (ng g”) Response (LU*s) & SD
5 146 +£0.02
10 2,6+0.1
20 4202
50 11.5+0.7
100 255409
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Figure 3.39 The standard addition calibration curve of oxolinic acid in shrimp sample

Table 3.36 The results of standard addition calibration curve of oxolinic acid in

fish sample
Concentration (ng gl Response (LU#*s) £+ SD
5 1.52+0.06
10 2.63+0.09
20 47+0.1
50 124404
100 30+£2
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Figure 3.40 The standard addition calibration curve of oxolinic acid in fish sample

Table 3.37 The results of standard addition calibration curve of oxolinic acid in

chicken meat sample
Concentration (ng g™) Response (LU*s) & SD
5 1.29+0.07
10 2.76 £ 0.09
20 6.1+£02
50 140+ 0.6
100 327+1.1
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Figure 3.41 The standard addition calibration curve of oxolinic acid in

chicken meat sample

Table 3.38 The results of standard addition calibration curve of oxolinic acid

in chicken liver sample

Concentration (ng g’ Response (LU*s) = SD
5 12401
10 2.8+0.1
20 54+04
50 15.0:£0.5
100 28.44:0.7
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Figure 3.42 The standard addition calibration curve of oxolinic acid in chicken liver

sample

Table 3.39 The results of standard addition calibration curve of oxolinic acid in beef

sample

Concentration (ng g”) Response (LU*s) & SD
5 1.3+0.1
10 2.4+ 0.1
20 51+£0.5
50 12105
160 255+2.1




138

30 -

y=0.2545x - 0.1279
R2=0.9992

5

2

o

g

&

&

-20 9 20 40 60 80 100 120

-5
-10

Concentration (ng g*)

Figure 3.43 The standard addition calibration curve of oxolinic acid in beef sample

Table 3.40 The results of standard addition calibration curve of oxolinic acid in pork

sample
Concentration (ng g Response (LU*s) £ SD
5 | 135006
10 2.89 4 0.08
20 6.2+0.1
50 14.1+04

100 322409
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Figure 3.44 The standard addition calibration curve of oxolinic acid in pork sample

Table 3.41 Oxolinic acid concentrations in edible animal tissue by standard addition

method
Sample Oxolinic acid concentration (ng g™)

Shrimp ND
Fish ND
Chicken (meat) ND
Chicken (Liver) ND
Pork ND
Beef ND

ND= Not Detectable




CHAPTER 4

Conclusions

The use of oxolinic acid as veterinary drug in food producing animals to
prevent or treat infections and growth promoter can leave residues at trace levels in
animal product which has led to a significant increase in antimicrobial resistance and
has important effect on public health. Therefore, monitoring of oxolinic acid in edible
animal tissues is necessary to ensure that human food is entirely free from potentially
harmful substance.

The use of high sensitive high performance liquid chromatography with
fluorescence detection was investigated using a Pinnacle II C18, 5 pm, 250x4.6 mm
column. System optimization was carried out and the optimum conditions were
excitation wavelength 265 nm, emission wavelength 375 nm, the mobile phase was a
mixture of acetonitrile and 10 mM oxalic acid bufter (45:55, v/v, pH 3.5), flow rate
0.9 mL min" and column temperature 25 °C. Under the optimum conditions oxolinic
acid was detected in less than 6 minutes,

System suitability parameters were investigated for trace oxolinic acid
analysis and the values are acceptable when compared with the recommendation
(Table 4.1). This system provided linear dynamic range of 1 ng mL™” to 8 pug mL™!
with a coefficient of determination higher than 0.999 and defection limit of 1.03 ng

ml !,
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Table 4.1 System suitability test values

141

Parameter Recommendation This work

-~ Capacity factor (k) ——— 0:5< k<20 0,912 % 0004
Plate (V) >2000 7522+ 113
Tailing factor (7) <2 1.39 £ 0.03
Peak area (%oRSD) <4 1.1
Retention time (%RSD) <l 0.39

Oxolinic acid in edible animal tissues was extracted by ultrasonic extraction

and clean-up with solid-phase exfraction (SPE). The influence of several parameters

on the efficiency of the proposed method were investigated. The optimum condition

of ultrasonic extraction and solid phase extraction are shown in Table 4.2. The

obtained results indicated that the combination of ulirasonic solvent extraction and

solid phase extraction can effectively be applied to extract oxolinic acid from edible

tissue. Advantages of this method are reduced extraction time, simple, and

inexpensive sample preparation,
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Table 4.2 Optimum conditions of ultrasonic and solid phase extraction

Parameters Optimum value

Ultrasonic extraction

Extraction solvent Ethyl acetate

Extraction volume (mL)* 10

Extraction time (min)* 15

Stability of oxolinic acid (min) 60

Solid phase extraction

Type of sorbent Supelclean LC-18

Type of eluting solvent 3%Trifluoroacetic acid:
Acetonitrile (25:75, v/v)

Sample flow rate (mL min™) 4

Volume of eluting solvent (inL) 3

Flow rate of eluting solvent (mL min™) 2

Defatting effect SPE procedure

*Repeated twice

Validation parameters, such as selectivity, linearity, accuracy, precision,
recovery, LOD, LOQ, stability and robustness were investigated, The selectivity of
the method was checked by analyzing different types of blank and spiked samples.
The results showed no interference substance at the same retention time as oxolinic
acid for shrimp, fish, chicken meat, chicken liver, pork and beef. The proposed
method was found to be linear in the range 5 to 500 ng g”. The inter- and intra-day
relative errors at three concentrations studied are less than 10% and it is obvious that
the method is remarkably accurate which ensures reliable results. The intra-day
relative standard deviations (RSD) were lower than 7.9% and lower than 8.6% for
inter-day assays. Repeatability and intermediate precision are lower than 15% in
accordance with US-FDA guidance for bioanalytical validation., Recoveries of
oxolinic acid were higher than 85% for shrimp, fish, chicken meat, chicken liver,

pork sample which meet US-FDA regulatory method requirement of 80-110% and
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beef sample, these values is well within the criterfa of Codex for residue analysis
(average recovery 70-110%)(Codex Alimentarius Commission, 1993). The limits of

detection and quantification obtained are below the maximum residue level (MRL)

established by the European Union. Oxolinic acid was stable in extracted sample for .. |

short term, three freeze-thaw cycles and long term with <15% variation. Standard
solution was also stable at 4 °C for three months. Method robustness indicated that
minor changes of the operational parameters have little effect or do not lead to
essential changes of the chromatographic separation (capacity factor). Tailing factor
will increase or decrease when the composition of the mobile phase and pH has been
changed. However, the values are acceptable, lower than 2 in all cases.

Table 4.3 illustrated the comparison of the proposed method with some other
work. When comparing with capillary electrophoresis the proposed technique
provided lower limit of detection. For those using HPLC, HPLC-MS-MS provides the
lowest limit of detection but the mass detector is susceptible to matrix effect that can
suppress ionization of the analyte (King ef al., 2000; Mei ef al., 2002; Dams ef al.,
2003). Therefore, determination using HPLC-MS-MS requires a more complex clean-
up procedure (two-stage SPE) than other detectors. HPLC-UV and HPLC-FLD (this
work) methods offer lower cost than HPLC-MS-MS and oxolinic acid could be
detected at concentration levels below the MRL. When comparing with HPLC-UV,
HPLC-FLD (this work) gave the same limit of detection. However, the calculations
are difference, HPLC-UV used the signal-to-noise method while the LOD of this
work was based on the standard deviation of response which is statistically reliable
and is suitable in practice since signal-to-noise ratio measurement does not
consideration the uncertainty of the baseline variation (Ribani et al., 2007). The LOD
calculated from the signal to noise ratio can also be affected by the chromatographic
conditions variations e.g. lifetime of the column, purity of mobile phase because the
presence of noise or baseline unstable, For sample preparation technique, the one used
in this work has several advantages, ie., several extraction can be | done
simultaneously, is simpler than other works, gives high recovery and no specialized
laboratory equipment is required (microwave-assisted extraction)(Ahmed, 2003).

The method was also validated by more parameters making this method reliable,
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Qualitative and quantitative analysis of oxolinic acid were done in real
samples that were purchased from fresh markets. The samples were extracted and
analyzed. Oxolinic acid was not found from the normal analysis using the calibration

curve. Therelore, standard addition method was carried out to confirm the finding and

no oxolinic acid was found. Although oxolinic acid was not detected it has been
proven that this method can be used to analyse trace residue. It would be useful for
testing oxolinic acid residue when there is an epidemic in animals that will require
oxolinic acid treatment.

In conclusion, the proposed method can be used for determination of
oxolinic acid in edible animal tissues with selective, reliable, precise and high
recovery. This method is simple (not required complex extraction), rapid (several
extractions can be done simultaneously), cost effective (the sample preparation not
required expensive instrument; <15 Bahts/sample). So, the proposed method is

suitable for routine analysis for residue control in different matrix.
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