CHAPTER 11

THEORY

2.1 Tetracyclines [48]

The first tetracycline

; % hlortetracycline, was isolated from

Streptomyces in 1944, 0s,. ot@zelines have been developed,

including oxytetracycline, i vas introduced= 0, tetracycline hydrochloride
ool \ﬁ\m @

etracyclines have proved to

be effective against bothe@ramfpdsitive ‘r vative bacteria. They are effective
against a number of micrbe PalS " ‘. « Ltfecti eatlng the infectious disease
' He \ \- alaria caused by mefloquine-
resistant Plasmodium falciy 7. N u racyclines has been reported
in clinic but also in livesto€k i§ inc ,; _ it prot t A g growth.
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Tetracyclnfeﬁre usually adfihistere Ithough some are also
avallablﬂ urgeg %ﬂ%ﬁw ﬂﬂlﬁ le in the treatment of
resplratoxv tract infections and usefulness in the acne. Morgover, tetracyclines
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uléer disease associated with Helcobacter pylori. Tetracyclines are also active

against malaria.

2.1.1.2 Veterinary Medicine

Tetracyclines have been used for the treatment of infections in poultry,

cattle, sheep and fish. The antibiotics are added directly to feed or water or can
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be administered in aerosols. Tetracyclines are also used for the treatment of

infections in domestic pets.
2.1.1.3 Animal Growth Promoter

Over long periods, tetracyclines are used to improve the rate of growth
of animals and feed conversion efficiency. In the United States these

antibiotics were approved by Food and Drug Administration as feed additives

in 1951 (chlortetracycling) ;}/y/nacycline).

.They are also sprayed ontoefflittrées to trea etion by Erwinia amylovara, and
used to control infectionsof Scéds : \"b& 45 oampestis. There are some

2.2 Shrimp Farming

Today there has.been a
eastern Asia, Latin Anderica and other count “\ and shrimp farming started
in the early 1980s and gpande in the'mid 1980s. For &:s, shrimp has been one of
the leading food exports afidsis the fifth largest export ($1.7 billion annually) in terms

of values. The §iplfpbr s Yindk i ¥ 1l cbola Each ycar the sy

export increases %hd brings most forgign currencyginto the country, shown in Figure
2.1. Hoﬁv%ﬂ]ﬂ Q&Wp&“ﬂ%eﬁeﬁ}%&lﬂfﬂi%ws and water
problems fin shrimp aquaculture. Now Thailand is the world’s largest exporter of
shrimp and other exporters include India, Ecuador, Vietnam, China and Indonesia.
The importers of Thai Shrimp are USA, Japan, Singapore, Taiwan, and others (Figure
2.2).
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Figure 2.2 Maﬂ %&Lﬁeﬂﬂ%ﬁm %wsﬁjna *‘1-]2@1 (Source from: Thai

Frozen Food Ass%lzlatlon)
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Shrimp aquaculture may have some problems from diseases in shrimp [49].

Causative organisms for diseases in shrimp including viruses, parasites, fungi, and
bacteria. The most of bacteria that affect shrimps including numerous species of
Vibrio such as Vibrio harveyi, Vibrio vulnificus, Vibrio parahaemolyticus, Vibrio
anguillarum, Vibrio alginolyticus, Vibrio'damsela and Vibrio fluvialis. The diseases
have had impact on shrimp farming: white spot syndrome or red body and white spot
diseases, yellow head disease, monodon baculo virus disease, heptapancreatic parvo

virus disease, and infection hypodermal and hematopoetic necrosis disease. These
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bacteria can affect all parts of shrimp production including hatchery, nursery, and

grow out facilities. These diseases will affect the quantity of shrimp exports.

In many countries, antibiotics for example macrolides, nitrofurans,
chloramphenicol, quinolones, rifampicin, sulfonamides, and tetracyclines, are widely
used in shrimp aquaculture for treatment and prevention some diseases in shrimp.
Tetracyclines, due to their broad antibacterial spectrum and high potency, are

commonly used as antibiotics in shrim

2.3 High Performancé Li hromatography (HPLC)

In general, the €. (a) mobile phase reservoirs,

(b) pump, (c) sample inj ;0'1 -,a- \ and (f) data recorder.

ith one or more glass

reservoirs, ‘.M’? se. In addition, the mobile

phase reservoirslare consisted crs and dmassers to remove dust and

dissolved gases fremethe solvent.

ﬂ‘lJEJ\’J‘VlEmWEI']ﬂ‘E

2912 Pump
ﬂW’]ﬁNﬂiﬂJ UNIAINYAY

The requirements for the HPLC pump include (i) pulse-free flows, (ii)
flow rates ranging from 0.1-10 mL/min, (iii) accurate flow controled with
good reproducibility, (iv) generation of high pressure (up to 6000 psi), and (v)
corrosion and solvent resistant components. Reciprocating pumps are
currently used in the HPLC systems. There are two options for gradient
mobile phase operation: high pressure mixing which requires a pump for each

solvent and low pressure mixing which requires only one pump.
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2.3.1.3 Sample Injector

A manual sample injector is typically comprised of a 6-port 2-position
valve that includes a 20 or 100 pL fixed sample loop is typically used. Many

HPLC instruments incorporate an autosample with an automatic injector.

W e from stainless steel tubing. The

lengths of columns aresfrom 10 to inside diameters of 2 to 5 mm.

2.3.1.4 Column

Col for HPL
olumns for \“
The common pacKing foi H PL( ,is !

particles are coated at are chemically or physically
bonded to the surfa€t.p \\\\P packing range from 3 to 10 pm

i
r

repa 11_—.!_‘ om silica particles and these

in order to pro{nd g ; s 0 \0 plates/m).

2.3.1.5 Dete
The detectbr ponent that emits a response due to
the eluting sample bsequently signals, a peak on the
chromatogr ned immex y posters or to the stationary phase in
order to detecth
of detectors tl-E can be U
detector (RI), ultravielet detector (UY), fluorescence detector, electrochemical

soeeofp 18I %%@ #1113
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2.4 Electroanalytical Chemistry [52, 53]

o) ‘ n. There are many types

1PLC; f@ example, refractive index

2.4.1 Potentiometry

Techniques that measure the potentials of electrochemical cells are called
potentiometry. These measurements are performed with a little or no current.

Potentiometric methods require a working electrode, a reference electrode and a
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device for measuring the potentials. Potentiometry is the most widely used in
analytical technique because of its simplicity, versatility and low cost. It is used to
detect analyte in titrations, biological fluids, etc. However, the potentiometric

methods play a minor role in electrochemical detection for HPLC system.
2.4.2 Voltammetry

Voltammetry is the one method

electroanalytical techniques that measures

the current as a function of potenti
, AN |
electrodes: (a) working electrode, (b) refe “ode and (c) counter electrode or

al'is applied %ing electrode as a function of

u a function of potential obtained is

TN

try is typically comprised of three

auxiliary electrode. The p6
-time, and then the signal ig
called voltammogram. \- in voltammetry are shown

in Figure 2.3.

(©

Potential

Figure 2.3 Potential- tlmq‘w veforms are usgd, in various electroanalytical techniques.

Waveforms baﬂ ﬂ(a}wgw}w&’é}ﬂaﬁotenmmme patterns

are used in squarélwave, linear sweep‘ and cyclic voltammetry, resbctlvely [54]
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2.4.3 Cyclic voltammetry

Cyclic voltammetry is the most widely used technique for the first
investigation of electroanalytical study. This method allows mechanistically studying

the redox systems, especially the obligation and characterization of redox couples.
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Cyclic voltammetry cbnsists of the linearity of scanning potential, using a
triangular waveform (Figure 2.3.c). The triangular waveform produces the forward
and then the reverse scan. The current-potential (i-E) plot is called a cyclic
voltammogram (Figure 2.4). The significant parameters in cyclic voltammogram are
the cathodic peak potential (E,.), the anodic peak potential (E,,), the cathodic peak

current (iyc), and the anodic peak current (ipg).

Figure 2.4 The current potentiat- rl‘—‘ is called a cyclic voltammogram.

2.4.4 Ampergietry [54]
Lroe=s

Amperometry is an electrochemlcal techmque Quch a constant potential is
applied at the aveform is shown in
Figure 2.5. At t@ml alytes ar underwent oxidation or reduction
at the el 3 é‘! ncentration of
the analﬁ’w;ﬁhaq ﬁ ﬁpm ﬂeﬁﬁ Wgﬁ E]

The major drawback of amperometry is not reproducibility because of some
adsorption of detection products and/or impurities on the electrode surface. To obtain
reproducible results, during analysis the electrode surface must often be cleaned by

polishing or performing electrochemical process.
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applied

Potential (V)

Timels) =—e 5

Pulsed amperome C de ; S '@ nperometry that applies multiple
potentials. The PAD te stypigall sed. steps shown in Figure 2.6.
The triple-step potentialdv ; " }_ ameters detection potential (E4,), the
oxidation potential (£,yz) -dudior : otential : » , the integration time (f,,), the
delay time (24;), the ox1dat1 e, 3 cduction time (7,.4). At the detection
step, Egeis chosen for the ox1 z and the current is sampled during a

short time period (¢;,,)'aft g is essential to overcome

double-layer chargi :“ and 7, constitutes the
detection period. Foll(g' ng the deteetion step, the .1.”3 rbed detection products or
impurities are removed fp the electrode susface at E,,; during 7,y In this step, the

electrode surfaﬂ ulﬂ ’J @ﬂ H %qcﬁa‘wu&j’] ﬂh‘e} generated the oxide

layer. To regenétate the oxide free ipyer the E,, durmg ol ne&l to be applied to
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2.5 Solid — Phase Ext

Analytical chemi nple preparation techniques

that are fast, easy, safg ate and precise data with
reasonable quantitative li .- S U Tag T N PE) techniques have been
developed to replace the al on method. SPE methods use
bonded silica or resin solid sg -,s. ‘ posable plastic or glass cartridges

or imbedded into Teflon or'glass fiber dr:

A
gure 2.7). SPE techniques provide a
ways to process sample quic f:g':, Aisisolate analytes from large volumes
of samples with minithal or no evaporation losses. : and.provide good reproducible

results.

a‘mmnim [T

Figure 2.7 Three formats of SPE [55]
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2.5.1 Mechanisms of SPE

There are three mechanisms of separation and isolation in SPE (Figure 2.8).
2.5.1.1 Reversed Phase SPE

The mechanism of isolation involves a moderately polar or nonpolar

analyte and nonpolar station ase. The analyte, which is adsorbed on the

stationary phase, is due orces between the carbon-hydrogen
bonds in the analyte v ips of the stationary phase. Many
types of function jonary phase in this mode are C,, C4, Cg, Cys,

cyclohexyl and p 1 gr ipsi To elute the-analytes from the reversed phase

ption of a polar analyte at a polar
stationary phase. ‘ ppposite of early mode. The types of

nonbonded phases in this i a, alumina, and florisil. Normal phase

ol
S =

is commonl o1 the extraction of organic

—
2.5.1.3 IonyExchange SPE

ﬂ‘lJEJl’mEWﬁWEHﬂ’i

dhl exchange SPE 1s used for the analyte, whlch 1s charged in a

Q‘W’Tﬁ ﬂgesﬂﬂcasemﬂ‘ﬁl’”r B Bjus i

pekmanent of the isolation of cation compounds, the

bonded phases are the aliphatic sulfomc acid groups or aliphatic carboxylic

molecules in yat

groups. Anion compounds are isolated on the aliphatic quaternary amine

groups as the bonded phases.
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Figure 2.8 Mechanisms of SPE systems;’ (a) Reversed-phase, (b) Normal-phase and

(c) Ion-exchange SPE [55]
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2.5.2 Steps of SPE

There are four steps in the process of SPE, as shown in Figure 2.9.

Step 1
The solid sorbent is conditioned or activated with the organic solvent or
mixture of organic solvents and reagent water. The conditioned solvent is generally

methanol and then is followed by water or buffers.

Step 11

This is retention applied to the SPE system. It

is important that the analyte on the column while

i \\\\\

the sample is added. a€Chay / 4 de van der Waals interactions,

\\\\ ons and cation and anion

sorbent. Some interferences

hydrogen bonding, @
exchanges. In this step

in matrix may pass throi \n cation of analyte, but others may

Step 111

To remove interferéfices and: retair e, the sorbent is washed by the
appropriate solutio :‘;;T an aqueous solution, an
aqueous buffer or a Water-org ; Te D be used. If the sample is
dissolved in an organlc sglvent the rinsed solvent could be the same solvent.

ﬂ‘LlEVJ ‘VIEWITWEI’]ﬂ‘i
removﬁ‘iﬁlfﬁﬁﬂ*iﬁmﬁﬁﬁﬂ 013)

and detected directly.
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Figure 2.9 e extraction [55]
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