Trade Science Ine.

ISSN : 0974-7419

Volume 10 Issue 9

CMISTRY

04)20.4//:640.[ CH

A Judian Joaraal

s Pt P aper

ACAIJ, 10(9) 2011 [557-562]

Gas chromatographic-mass spectrometric determination of
tetracyclinein biological fluids

S.Thangadurai

Department of Chemistry, Raja Doraisingam Gover nment ArtsCollege,
Govt. of Tamil Nadu, Sivagangai - 630561, (INDIA)
E-mail : drstdurai @yahoo.co.in; dr durai @gmail.com
Received: 2" February, 2011 ; Accepted: 12" February, 2011

ABSTRACT

A gas chromatographic-mass spectrometric (GC-MS) method is described
for the determination of tetracycline (TC) residuein biological fluids. This
method allows detection of residual TC in biological fluidsby using single-
ion monitoring (SIM), confirmation by afull scan electronimpact (El) mass
spectrum is possible if residual level in asampleis >1 pg/mL. TC is ex-
tracted with chloroform from asample and cleaned up by n-hexane washing
followed by partition between chloroform and phosphate buffer solution.
Thecleaned up extract isacetylated in acetic anhydride-pyridine mixture (1:
2) at room temperature. The reaction mixture is injected into the GC-MS
apparatus, and the detection has been conducted using SIM at m/z 149.
The detection limit is 0.01pg/mL. This method could be adopted in the
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forensic laboratories aswell asin the toxicological laboratories.
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INTRODUCTION

Antibioticsarenow used extensively infood pro-
ducing animalsto maintain optimal health and to pro-
mote growth. The use of these drugs can leave drug
resduesinedibletissues. Thesedrugresiduesmay have
direct toxic effectsmoreover; safety consderationsmay
includeallergicreactionsof consumersandinduction of
resistant bacteria. Therefore, conditionsof usemust be
established for anima drugsto assurehuman food safety
aswell asefficacy and safety to the animal species™.
Tetracyclines (TCs) are commonly used for the pre-
vention or trestment of diseaseinlivestock production.

TCisan extremely important group of antibiotics
having broad spectrum of activity against gram-posi-

tiveand gram-negative bacteria, somelarge viruses,
ricketts ae, spirochetesand mycoplasmas. Thefirga TC
wasdiscovered in 1948 and it was second compound
to be developed after chloramphenicol as a broad-
based antibiotic. Chemically al of these TCshavean
octahydronaphthacene ring skel eton, cons sting of four
fusedrings(Figure 1). Besdesnatura TCsisolated from
variousstrains of Sreptomyces, many derivatives? viz
doxycycline and minocycline have been prepared by
their chemica conversion.

TCsareamphoteric compounds solublein polar
and moderately polar organic solvents and have the
ability toform strong complexeswith multivalent cat-
ions; itisthelatter featurethat isprimarily takeninto
consi deration when devel oping extraction methodolo-


mailto:drstdurai@yahoo.co.in;
mailto:drstdurai@gmail.com

558

Gas chromatographic-mass spectrometric determination of tetracycline

ACAIJ, 10(9) 2011

Full Peper —

gies® for these agents. Okaand Patterson extensively
reviewed theliterature upto 1995 on the methodol o-
giesutilized for theanaysisof TCs. Inadditiontothe
review which was madeby Shaikh and M oats®, both
treatiesindicated that thereisan enormous variety of
extraction methodologiesfor TC andysis.

TC residuesthat exceed the maximum level may
be of toxicologica concern. Someindividual may have
anallergicreaction’® to these compoundsor resistance
by some bacteriamay beinduced. Evenwhenresidue
levelsarebelow minimum levelsthat producean dler-
gicreaction, itisnot knownwhether toxicity may result
from continuouslow-level intake. Adverse effectsas-
sociated with high levelsof antibiotic residuesinclude
dlergicreactionstotheresdues, carginogenicity of the
residues, and evolution of themicroorganismsthat are
resstant totheantibiotics.

TCsmay beextracted from tissues by using solu-
tionsof weak minera acids, but oncein agueous solu-
tion, partition coefficientsprevent extraction of TCsinto
volatile organic solventsfor concentration. Because
aqueousextractsof TCsasso dilute, thereisno prac-
tica methodfor their identification. At theAOA C mest-
ing, amethod was presented” for the quditativeiden-
tification of TCsintissuesbyusing TLC.

Thereareanumber of chemical methodsavailable
for measuring TCsinbiologica materia 989, but these
neither are sensitive enough for residuework nor in-
cludethe cleanup necessary for complex animd tissues.
Conversely microbiological techniques*® for measur-
ing residuesof TCsarereliableand sensitive but lack
of specificity and can betimeconsuming. Methodsused
todetermine TCresiduelevesinclude, but arenot lim-
ited to, microbiological and chromatographic tech-
niques*d such as TLC and GC. However, microbio-
logica methodslack specificity and TLC methodslack
sengtivity.

Microbiological assaysare most commonly used
for themeasurement of TCsinfood, but they aretime
consuming, cannot identify certain TCs, and their pre-
cison gppearsto bevariable. Thereforeaprecisechro-
matographic analyssmethod for the TCshasbeenre-
quired. Severd liquid chromatographic (L C) methods
were published®*17 for the determination of TC resi-
duesin biologicd fluids. Most of thesemethodsdid not
havethedesired sengitivity. Variousauthors have pub-
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lished methods' '8! for the determination of TCsin
plasmaand inurinebut not intissues.

Thefocus of our research however has been on
methodsalowing the confirmation of TCinbiologica
fluids. This paper reports the detection of TC by
derivatization using GC-MS. This method could be
applied inthedetermination of TC groupsinforensic
samplesaswell asintheenvironmenta and toxicologi-
ca samples.

EXPERIMENTAL

Apparatus
GC column

Capillary column 5% phenyl methyl sillicone, 30 mts
width 0.25 mm1.d 0.25film thickness.

Gaschromatograph mass spectrometer

Perkin Elmer instrument with Autosystem XL GC,
turbo massM S, Auto sampler, 2ul injection, injector
port 200, interface 200 degree, EI-mode 70 EV, Mass
range40-630 amu.

Operating conditions

Injection port: 200 degrees, Ovenisothermal: 250
degrees, carrier gasheliumflow: ImL/min; ionization
voltage, 70eV.

Reagentsand chemicals

Standard reagentsviz. methanol (CH,OH), n-hex-
ane(n-CH,), chloroform (CHCI,), sodium hydroxide
(NaOH), sodium chloride (NaCl), sodium sulfate
(Na,SO,) and disodium hydrogen phosphate
(Na,HPO,.12H.0) dl used were AR grade.

Tetracycline hydrochloride was received from
HindustanAntibioticsLtd., Bangaore, Indiaasafree
gift sample. Acetic anhydride and anhydrous pyridine
were obtained from Merck (Darmstadt, Germany) and
was pro analysisgrade. De-ionized, doubly distilled
water was used throughout.

TLCPHaeSlicagd F,,, wereobtained fromMerck
(Darmstadt, Germany)

Na,H PO4 solution

1 gm of disodium hydrogen phosphate
(Na,HPO,.12H,0) was taken in a beaker and then
dissolveditin 100 mL of doubly distilled water.
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NaOH solution

5N sodium hydroxide (NaOH) solution was pre-
pared using 20 gm of NaOH and dissolvedin 100 mL
of doubly distilled water.

NaCl solution

10 gm of Sodium chloride (NaCl) wastakenina
beaker and dissolveditin 100 mL of doubly distilled
water.

Sandard solutions

Sock solution

Accurately weighed 100 mg of puretetracycline
hydrochl oride dissolved in the methanol, the solution
was madeup inthe 10 mL standard flask to makethe
concentration 10 mg/mL.

Working solution

Dilutestandard solutionsto 10, 5and 1 ug/mL con-
centration with methanol from the above stock solu-
tion. These solutions have been stored in refrigerator
withlight protection.

Extraction and cleanup

Gastric cleavage samples 10 mL weretakenina
100 mL centrifugetube. Then 20 mL of CH,OH were
added into that, and then it has been homogenized for
10 minutes. Thecontentswererinsed twicewd | with 3
mL of CH,OH and therinseswere added into the cen-
trifugetube.

The centrifugetube has been shaken very well for
10 minutes. Thesupernate solution wasfiltered through
fluted paper into 100 mL separatory funnel. 20 mL of
CH,OH wasadded into theresidue, the centrifugetube
was shaken vigoroudly for 10 minutes.

The contentswere centrifuged for 10 minutes at
2000 rpm after that the supernate sol ution wasfiltered
through fluted paper. Thefiltrate was combined with
first extract, whichisin 100 mL separatory funndl.

Furtherly 20 mL of n-hexanewere added into the
combined CH_OH extract, whichisin separatory fun-
nel, it hasbeen shaken vigoroudy for 5 minutes, and it
has set asideto separate.

Thelower CH,OH phasewasdrained into second
100 mL separatory funnel and theupper n-hexane phase
wasdiscarded and 2to 3mL of 1 N NaOH and 30 mL
of CHCI,, were added into the CH_OH phaseand these
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weremixed by swirling.

Inadditionto this, 30 mL of 1% of Na,HPO, solu-
tion werea so added and it hasbeen shakenvigoroudy
for 2-3minutes. It has set asideto separatefor 15-20
minutes. Thelower CHCI ,phasewasdranedintothird
100 mL separatory funnel.

Supposg, if two phasesdo not readily separate cen-
trifuge 5 minutesat 2000 rpm. We haveto add addi-
tionally 30 mL of CHCI,, into the aqueous phaseand it
should beextracted again. The CHCI, extract was com-
bined into third 100 mL separatory funnel and it was
washed with 30 mL of NaCl solution.

The CHCI, phase has been transferred into 100
mL round bottom flask and solvent has been evapo-
rated at 40 - 45° C.

Derivatization procedure

Inan auto sampler vial 1 mL of working solution
contai ning concentration of 1ug/mL waspipetout. It was
evaporated to dryness and the dry residue was dis-
solvedin 500 pL of anhydrous pyridine in addition to
the pyridinesolution 250 uL of acetic anhydridewere
added and thevia wasclosed tightly. Theresiduewas
dissolved by swirling and dlowed to gand at room tem-
perature overnight. Thissample solution hasbeenre-
served inrefrigerator. Thisisready for injectioninto
GC-M S apparatus.

Evaluation of repeatability, reproducibility and
linearity

Therepeatability of thederivatization procedureand
the chromatographic analysiswas determined by five
replicate injections of the standards prepared as de-
scribed above. Thereproducibility of themethod was
determined by 5 replicateinjections performed within
3days.

Linearity of the detector response was eval uated
for totd tetracyclinehydrochloride by plotting thetotal
peak areaversustota concentration and performing
linear least squaresregressonanayss.

RESULTSAND DISCUSSION

TC, chemicaly it containsan octahydrongphthacene
ring skeleton, consisting of four fused rings. Structure
of the TC anditsfragmentation pathwaysare described
infigure 1. Itsmolecular weight israivey large, and it
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haspolar functiona groupssuch ashydroxylsand car-
bonyls. Thederivatization reactionsgenerally used for
GC determination aresilylation, acetylation, and ether
formation. In this study we have choseto utilize the
acetyl derivative, becauseitiseasly prepared and rather
stable, and the increase in molecular weight by
derivatizationisnot solarge. TC wasacetylatedina
mixture of acetic anhydride-pyridineat room tempera-
ture. Thereaction mixturewas checked by TLC anay-
sisto ensurethat no TC remained.

OH O

OH

Thereaction rate of acetylation at an elevated tem-
peratureisfaster than that at room temperature. How-
ever, reaction at room temperature was employed be-
causean ordinary round-bottom flask with ground-glass
joint, such aswas used for evaporation of solvent, may
be used and themani pulationsaresimpleand easy. The
amount of acetylated product decreased about half af-
ter aweek reservation in arefrigerator. Our experi-
encesindicated that the GC-M S determination must
be performed within 2-3 days after derivatization.

OH OH O
@]

=

NH,

OH

/N\

Tetracycline

OH-+P|+ OHe*
@ "”
(5)

Exact Mass =149
Molecular Formula =CgHgO,

(Retro-Diels Alder
Fragmentation)

OHs* He*

Isomerlsatlon

O

@)

Exact Mass =256
Molecular Formula =C15H1,0,4

Figurel: Suggested fragmentation pathway of tetracycline

Thederivatized product wasinjected into the GC-
MS apparatus, and atotal ion chromatogram (TIC)
and afull scan mass spectrum were obtained. Figure3
showsthe mass spectrum, in which the base peak of m/
z149isvery prominent and m/z 85, 133, 191, 223 and
249 are observed but relatively week. Them/z 149ion
is considered to be the radica cation (Figure 1).
Sphon'® suggested that simultaneous monitoring of 3

ionsisusudly regarded asaminimumfor identification
by selected ion monitoring of GC-M S spectra. Inthis
work, we attempted to detect tetracycline acetate us-
ing selected ion monitoring at m/z 149,133 and 223.
However, thesengtivity of detectionismuch lower (<1/
10) thanthat usng Single-ionmonitoring a m/z 149 only.

The detection limit was determined by analysing
samplesat various concentrationswith thismethod, and
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itwasfoundthat 0.01 ug/mL of resdud TCinasample
can bedetected using SIM. Figure2 showsthe TIC at
equal sengitivity of extractsfrom blank samples. The
peak of tetracycline acetate can beclearly identified,
thusthe detection limit was determined to be at | east
0.01 pg/mL in sample. We determined thel owest con-
centration of TC, which enablesafull scan massspec-
trum to be obtained by analyzing samples at various
concentrations. Figure 3 showsthefull scan massspec-
trum of the peak indicated at retention time 1.33. How-
ever, many background ions appeared on thefull scan
mass spectrum of this peak, and confirmation was not
possble. Thusitispossibleto confirmtetracyclineby a
full scan massspectrumif residua concentrationina
sampleis>1ug/mL.

Although aninternal standard isnot used inthis
method, the separation of the GC column and the se-
lectivity of SIM detection, cons dered together, offer
thereliablescreening of resdud TCinbiologicd fluids
and aconfirmation of the presence of TCin samplesof
highresiduelevel ispossible. Thismethod could be
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Figure2: Total ion chromatogram (70eV) of tetracycline
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indicated at retention time 1.33 min.

400 500

appliedinthe determination of TC group of antibiotics
inforensc samplesaswell asinthetoxicologica andin
environmenta samples.
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