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Karavopn ka1 anopdkpuvon tng
AePapi(6Ang o€ 101006 npoParwv

A.E. Tupnévou*, EM. Evdotpn-Ppaykiadakn',
M.I'. ®paykiaddkng'

INEPIAHWH. ©épa g napovoag épeuvag fitav n pedé g
katavoprig g Aefapuléing otoug 16t0G6-016)0UG TOU IpOPdtou
ped and yopriynon puag §6ong ubpoydwpikic Aefapuléing kar pe
€MKG otdxo Tov mpoodiopiopd tou xpovou avapovig, ®Oote o1
1070f Tou npoPdrou va eivar aspalei yia avlpdmvn katavidwon.
H ubpoydwpixi dePajulbéin yopnyhOnke epdna§ per os pe
poperi diokiou toU KviATpIKOY PAPPAKEUTKOY OKEUGORATOG
Tridicine™ 300 mg owv npotervépevn Oepanevuxd §é6on wwv
300 mg/40 kg o. B., nooétnta n onoifa avuctoiyei oe 7,5 mg Ae-
BapuléAng avé kg o. B. ITpaypatonomOnkav névie deryparodnyieg
kd0e pia and ug onofeg anotereito ané téooapa npéPata oug 24,
96, 168, 240 ka1 336 dpeg perd t pappakevuxi aywyh. Asfypata
101V Kpéatog, Anatog, veppou ka1 Ainoug ouddéxOnkav and xd-
0e npéParo ka1 apov cuokeudotnkav, cuvinprifnkav otoug -45°C
péxp1 m ynpuka avdivon woug. H Aefapuléin npoodiopionke pe
vypoypopatoypapiki péfodo (HPLC) kar o1 péoeg ouykevipaoeg
g AePaplbéAng oroug 10T0G6-016X0UG fitay aviyvelolpeg o€ dha
1a Sefypata and v 1n éwg kat tn 14n npépa perd v navon tng
Oepanevuxiig aywynic, pe uPnAGTEPES TG CUYKEVIPMOEIG OTO VE-
@pd ka1 1o finap, o1 omofeg kupdvinkav ané 838,88 pg/kg oe
39,18 pg/kg ka1 and 1988,77 pg/kg oe 16,58 pg/kg, avtiotorya v
In ka1  14n npépa. Lto kpéag ka1 oo Aog o1 péoeg ouyKe-
vipaoeig g Aefapuléing my 1n npépa perd my nadon g Oe-
panevuxig aywyig ftav 233,96 pg/kg ka1 173,89 pg/ke, avui-
otorya ka1 mv 4n npépa perdbnkav oe enineba yapnddtepa tou
Méyiotou Opiou Katadoinwv (MRL), yeyovdg to onoio onpaiver
6u o1 10t0i Tou npoPdrou eivar aoakeig yia tov katavadwtd.
Ynoloyiotnke évag ypdvog avapoviig 13 npepdv yia t fnap, to
KUp10 G6pyavo mou ypnoipornoleftal yia 1ov unoioyiopd autdyv.

Aé&e1g eupempiaong: AePfapil6in, katdoina, 1otof mpofdrou,
anopdxpuvon, ypévog avapovig

Epevvnuikn
Original article

Tissue distribution and depletion
of levamisole in sheep tissues

Tyrpenou A.E.*, Xylouri-Frangiadaki E.M.",
Frangiadakis M.G.'

ABSTRACT. The subject-matter of this project was the residue
distribution and depletion of levamisole in the sheep tissues after a
single administration of levamisole hydrochloride and with final aim
the appropriate withdrawal time determination, so that sheep tissues
will be safe for human consumption. Levamisole hydrochloride
was given per os with a single dose in the form of a tablet of the
pharmaceutical product Tridicine™ 300 mg at the recommended
therapeutic dose of 300 mg/40 kg body weight (b.w.), a quantity
corresponding to 7.5 mg levamisole per kg b.w. Five sampling
points comprised of four sheep each one , were performed at 24 h,
96 h, 168 h, 240 h and 336 h after medication. Tissue samples of
muscle, liver, kidney and fat were collected, packed and stored at -
45°C until analysis. Levamisole was determined by high
performance liquid chromatography (HPLC) and mean levamisole
concentrations found in the target tissues were detectable in all
samples from the 1st until the 14th day after medication, with
higher concentrations in kidney and liver ranging from 838.88
pg/kg to 39.18 pg/kg and from 1988.77 pglkg to 16.58 pglkg
between the 1st and the 14th day, respectively. Concentrations in
muscle and fat, the 1st day after medication, were 233.96 pg/kg and
173.89 pglkg, respectively and the 4th day they were dropped
below the maximum residue limit (MRL), which means that sheep
tissues are safe for the consumer. A withdrawal time of 13 days was
determined for liver, the main organ used for this calculation.

Key words: Levamisole, residues, sheep tissues, depletion, withdrawal
time
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EIZATQTH

H Aeauloln eivan Eva avBeuvBixé pdouoaxo gv-
Q€S PACUATOC, TO OO0 YOVOLUOTOLETOL 0TV %TN-
viatowy Bepastevtiny Yo teQLoodteo amtd 30 xodvia.
ASYm ™G oYUETS TOU 0QAONS (O OLUWOTOLETOL 0TV
RATATOLE N OY) TWV YOLOTQEVIEQIXMDV ROl TTVEVUOVIXADV
VNROTOOWY ORWANR®Y TV PO0Ed®V, TEoRdTmy ®at
¥olpwv dodvtag mg €vag VIrOTVIKOS dLeYEQTNS TV
VEVEXAV YayYAlwV, 0 0mol0g 0lorEl TOOO LOVOXRAQLVL-
%€g 600 ®aL VIXOTIVIRES ETLOQAOELS OE YOMVEQYIROUS
vrodoyeis (Cherlet et al. 2000, Sahagun et al. 2001,
Braund 2003). H heoulohn eivor 1o apLotepdotpopo
EVAVTIOUEQES TNS TETRAMEOMS, VD 0 omTTLRGS Sy w-
owoudg e D,L-tetpautding os deEdotpogo (deEa-
WEOAN) row apLoteEdoTEo®o (Aefaplorn) wooueég
£€de1Ee ItL 0 devTEQO aoKEl TV TTLO LOYVET avOeEAULY-
Buer| dpdon. H Aefoaptoln doyloe va yonowomoleiton
emTuywg arrd to 1969 pe t deEauldin, n omoia £dw-
oe avtifeto duouevy amoteléopota. To aQLoTeQd-
OTQOPO LOOUEQES TNG TETOAWEOANS XONOLUOTOLETOLL
emiong oty Bepamevtiny Tov avBp®OTOU WS AvOEAULY-
Ourd pdouraxo, evioxutird s Begameling ®atd Tov ®oQ-
xivov (IPCS 1991), evdd mpdoparta 1 xeyjon Tou €yeL
€0TLAOTE] OTLS OVOOOEVLOYUTLRES TOV LOLOTNTES
(Dolezalova and Tkaczykova 2001).

Emewdn n avBehuvOni dpdon g tetoamloing
amodideTon nvpimg oto L1 S - () evavtiopeéc, o éhey-
X0¢ ™S ®0BaEETNTOC TV dVO EVAVTLOUEQMV OTA PUQ-
HOXEVTIXG oxevdouata elivol Wiaitegov evOLapEo-
vtog (Chankvetadze et al. 2002). Oa mpémel vo AngOel
vrEoYn 6t 1 AePouloin amogoogdral Yyoed uetd
o per 0s, VITOOGQLA. 1] TOTLXY KOO YO %O OTTERAQT-
VETOL UE TOV (0L0 QUOUS, TAQAUEVOVTOS OTACO YNULRMDG
apetdpinm ota oboa (McKellar 1997). Ov Paulson and
Feil (1996), oty §pevvd tovg ue onuacuévn pe *C Ae-
Bautoin (MC-levamisole) og yohaxtomaQaymwyEg oye-
MGdeg, €0elEay GtL 48 dpeg uetd Ty aymyd 1 Aepoaut-
COM ratavépetal og GAOVE TOVG LOTOUS Ue neyohiteQeg
ovyxevtpaoeLs oto 1jmo. O Palermo and Milillo (1979)
duamiotmoav amd Ty €peuvd Toug OTL 1 ueyaAvteen
AUENON TV OVYREVTEDOEWV TG Aefaploing oto neé-
ag, A ®o VeEEod Tov TofdTov diamotdinre neto-
E0 g quéoag 2 nou 3 pe fabuaio ovvexy uelwon pé-
XOU TV nuéoa 7 petd v aywyr|. Ze wo dAAn uehé
damotdOnure Gt oL ouyrevToWoEeLS TS Aefautoing
OTO TAAOUA TOU QLUOTOG TG ALIYAS UELHVOVTOL TAYLOTA
nOL OVLYVEVOVTOL EmG ®al 6 DQES UETA TV aywyY
(Sahagun et al. 2001). Extiong, n EMEA avogépet 6t
ota Pooedr], TobPata, xolpoug ®aL TOVAEQIXA TA. KO-
tdhowma g AePaypulSing oto 1o 1oy <100pg/kg v
nuépa 7 petd v oryoryr v >10pg/kg v nuépa 14 wou
<10ug/kg v nuépa 21. Téhog, ov Kindred and Walcott

INTRODUCTION

Levamisole is a broad spectrum anthelminthic drug
available for veterinary medical use for over 30 years.
Due to its potent broad-spectrum activity is used for the
control of gastrointestinal and pulmonary nematodes in
cattle, sheep and pigs acting as a nicotine-like ganglionic
stimulant producing both muscarinic and nicotinic
effects at cholinergic receptors (Cherlet et al. 2000,
Sahagun et al. 2001, Braund 2003). It is the levo-
enantiomer of tetramisole and its optical resolution of
D,L-tetramisole into its dextro- and levo-isomers
revealed the levo- form to have more anthelminthic
activity. The single enantiomer was introduced in 1969,
since the other enantiomer (dexamisole) showed more
adverse effects. It is used in human medicine as an
anthelminthic as well as into other indications, including
adjuvant therapy in cancer treatment (IPCS 1991) and
currently its use has been focused on its immuno-
modulatory effects (Dolezalova and Tkaczykova 2001).

Because of the fact that the anthelminthic activity of
tetramisole is mainly attributed to the L or S - (-)
enantiomer, testing of the enantiomeric purity of the
drug formulations is of significant interest (Chank-
vetadze et al. 2002). Also, it must be considered that
levamisole is rapidly absorbed (after oral, subcutaneous
or topical administration) and is rapidly excreted
unchanged in urine (McKellar 1997). In a research
programme with milking cows and "“C labeled
levamisole, Paulson and Feil (1996) showed that 48 h
after dosing levamisole, it is distributed in all tissues
with highest concentrations observed in liver. Palermo
and Milillo (1979) found out that the highest levamisole
concentrations in muscle, liver and kidney sheep tissues
were between 2™ and 3" day with gradually depletion
until the 7" day after dosing. In another study it was
found that levamisole concentrations in goat’s blood
plasma are depleted very fast and they are determined
at least 6h after dosing (Sahagun et al. 2001). Also,
EMEA reports that in cattle, sheep, pigs and poultry
levamisole residues in liver were <100ug/kg on day 7
after medication and >10ug/kg on day 14 and <10pg/kg
on day 21. Finally, Kindred and Walcott (1996) reported
that levamisole withdrawal periods are varying from 2 to
19 days depending on the species and the dosage
regime. At this point, we should mention that levamisole
is stable in boiling water at 1000C and unstable at 2600C
in cooking oil, with a half-life of about 5 minutes (Rose
et al. 1995).

In this study a residue depletion study of levamisole
hydrochloride in sheep is described and the calculated
withdrawal time of levamisole is proposed.
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(1996) avagpépouv GTL oL XedvoL avapoviic Ts Aefaut-
oM g mowiAhovy amd 2 €mg 19 nuépeg avaroya (e To
eidog Cov xaw ™ xoenyotuevn ddom. Zto onueio ow-
16 o meémel va avopeBel 6t 1 AePapulohn mogaus-
vel otafepn o foaouévo vepd (100° C) now aotabig oe
noryerowrd Addu (260°C), ue wa stepiodo nuioeiag Lmvg
nepimov 5 hemtddv (Rose et al., 1995).

Z%076¢ ™S TAEOVOUS EQEVVNTINIG EQYAO(OS TV
1 TELQALUOTLXT] X0OTTYNON TNS VOROYAMERYS Aefauls-
Mg 08 TEAPATA %Al 1] LEAETN TNG RATAVOUTS KO TNG
aroudrQuvong g ota medfata. Mo ovyrexouuéva,
mp00dL0ioTN®E 1 ®atavour] ¢ Aefamlding otovg
TE00EQLS LOTOUS-0TGYOUS TMV TEORATMV, 0 QUONGS TS
OO oA S TV ®OTOAO WV TS RO TENOG, TOOTABN%E O
YQOVOS ovouovig TG AeBatloing.

YAIKA KAI MEGOAOI
Hewaparotoa

210 melpaua yonoporoonray 22 vy agvid gu-
Mg Aptag, nhxriag meQlmov 5 unvayv xal uéoov Pd-
povug 40%2 kg. Ta mpdPfata datnenOnrav oe eheyyo-
uevn extooQt ue ehevBepn Pooxnon xow ad libitum
mpdofaoy oto vepd. Emed] 1 mapeyduevn evégyela
™C fooxrtic Oev uToEOVOE VO ROAOYEL TIC AVAYRES OVd-
TTVENS TV LV, xoenyeito ol TESeHETH LOOQQOTY -
wévn Cwoteo@n amallayuévy) oVILTAQAOLTIXMY OU-
owv. H mpdobetn Cmotpot| mov xoonyidnre amote-
Aelto amé rohaumon (3,7 Mj evépyeia row 5 glkg Enodg
ovotag), »owBdol (3,3 Mj evépyewa now 10 g/kg Enods
ovolag) 1 Paupaxdmita (7,5 Mj evépyeia vou 139 g/kg
Enodc ovotag). Iow amd ™ xoe1ynon Tov gaoudxov
TQ TEOPATO TAQEUELVAY O NOEUIOL OTNV EXTQOPH YL
wo TeQlodo TEOCAQUOYNS TOLDV NUEQDV. & RAVEVA
omtd T tedPata dev elye oo ynOel ooladjote Qa-
UOXEVTIXY] ayoyT] Yo Q{000 TeG0dpmY €Pdouddwv
TV otd Tov mepapatiopd. H vyela now 1 ovumeot-
POQA TWV TELQOUATOTWMV KATAYQAPOVTAY ROl OL TTe-
olparhoviinég ouvOireg (Bepuoxpaoia, vypaoia) eEy-
xovtayv xo xoroyedgovtoy entong. Katd t didoxrela
TOU TELROUOTIONOU N néon Bepuoxrpaocio frav 25 *
0,8°C nown péon oyxetni vypaoia 35 = 5%.

Xogriynon g Aefopuloing

Kdrtw arté eheyyoueves meloouamirég ouvBreg, pe-
AeTNON®E 1 rROTOVOU] ROL 1] ATTOUAXQUVON THS VOQO-
YA AePaloAng Hetd ams ™ XoE1ynoy g ot
mpdfata. Mo moodtra 300 mg/40 kg o.p. vdgoyxhm-
oung Aefoamloing ue ™ poppn duoniov yoonynOnxe
per os 0g ®G0e TESPATO, TOGGTNTA 1) OTOLOL AVTLOTOL-
yovoe ot 7,5 mg/kg 0.p.

Agvypotonypio
H devypatolmplo mparypatomojOnxe oe ouyrexQL-

MATERIALS AND METHODS

Experimental animals

In this experiment, twenty-two, 2 years-old sheep
healthy Artas’ breed, weighing 40+2 kg, were used. The
sheep were kept in the field having free access to the
pasture and they also had ad libitum access to water.
Since pasture energy and nutrients could not cover their
production needs, they were additionally fed on
antiparasitic-free balanced ratio and allowed to
acclimate for three days before dosing. The
supplemented feed provided was consisted of corn (3.7
Mj energy and 5 g/kg dry matter), barley (3.3 Mj energy
and 10 g/kg dry matter) or cottonseed meal (7.5 Mj
energy and 139 g/kg dry matter). None of the sheep
had received any medication four weeks prior to the
experiment. The health and the behaviour of the
experimental animals were registered and the
environmental conditions (temperature, humidity) were
controlled and registered as well. During the experiment
the mean temperature was 25 = 0.8°C and relative
humidity was 35 *+ 5%.

Administration of levamisole

Under controlled experimental conditions, tissue
distribution and depletion of levamisole hydrochloride
after administration to sheep, was studied. A quantity of
300 mg/40 kg b.w. of levamisole hydrochloride in the
form of a tablet was administered per os to each sheep
corresponding to 7.5 mg of levamisole per kg b.w.

Tissue sampling

Sampling was performed at specific time points after
medication, comprised of five samples of four sheep,
each taken at 24 h, 96 h, 168 h, 240 h and 336 h (Table
1). The sheep were sacrificed and the target tissues
(muscle, liver, kidney, fat) were collected, put in plastic
bags and stored at -45° C until the analysis. The sample
size was 500 g for muscle tissue taken from femur
region, 500 g from liver, the kidneys and 100 g perilenal
fat. Also, tissue samples from the control animals were
collected to establish baseline values for chromato-
graphic analysis (baseline compensation control).

Instrumentation

The liquid chromatographic system was the Alliance
2690 MX, Revision 1.21 Separation Module, (Waters)
equipped with a UV/vis Photodiode Array Detector
991 (Waters). Injections were performed automatically
on a Zorbax® SB-Cig, 5 um (250 x 4.6 mm) stainless
steel column (Hewlett Packard), with a LiChrospher
60 RP-select B pre-column heated at 50°C and
levamisole detection was performed by using a UV/vis
PDA detector adjusted at a wavelength range from 200
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néveg xoovirég otryués (5 delypora) pnetd m yoonynon
TOV QoEUaxov, diady otg 24, 96, 168, 240 wow 336
weg (Iivaxag 1). Metd v evBavactio tmv meofdtmy,
oL LoTot-0tdyoL (npéag, NTaQ, VeEEOs, AMmwog) GuALE-
¥Onnav, tomofetOnrav oe TAAOTIRES OAROUAES %Al
ouvtnenOnrayv otoug -45°C uéyol v avdlvon. To pé-
veBog tov delyparog frav 500 yoouudoo puirod Lotol
artd ) mepLoyy Tov uneov, 500 yoauudola Hrarog, ot
vepoot rat 100 yoauudoa weguvepxov Alimovs. Aeiy-
nota LoTev AMjeinxray, eniong, amd ta TEOfaTe RdQTu-
0€g, otoug omoiovg dev elye yoonynOel vdgoyhwEry
AeBatloln, e oromd Tov Eheyyo wow T otabeQomoin-
on ™G POoHiS YOOUUNS ®aTd T XOWOUATOYQOPLXT] 0VaL-
Aoy (baseline compensation control).

Mnyavohoyirdg eEomhondg

To vypoyxompatoyoagpuwd ocvotmua ftav to Alliance
2690 MX, Revision 1.21 Separation Module (Waters,
H.IL.A.), epodiloopévo pe tov aviyveuty vreoLadous/
o0patot wolamhdv @wtodiddwv-UV/vis Photodiode
Array Detector 991 (Waters, H.ILLA.). Ou eyyvoeig yi-
VOVTOY oWTOHOTo 08 ovoEe(dmt) oAy Zorbax® SB-
Cig, 5 um (250 x 4.6 mm) (Hewlett Packard, H.IT.A.) ue
mpooniin LiChrospher 60 RP-select B oe Beppoxpaocio
50°C naw 1 aviyvevon ™g AePapuloing yivotay ue Tov
aviyvevty UVvis PDA mpooappoopévo og éva e0pog
uirovg ropartog amd 200 nm €wg 480 nm xow QuOUL-
OUEVO OTA Aoy ~ 220 nm. OL VTGAOUTES CUOREVES TTOV
xonowpomouOnxav frav 1 cvorevy vaeQrabaoov ve-
000 Ultrapure Water RiO™-Milli-Q®system, Millipore
(H.IT.A.), o avauwxtijpoog vortex mixer Gennie 2
(Scientific Industries, H.II.A.), o opoyevomomtiic PCU
Polytron-Aggregate® (Kinematica AG, EABertia), 10
hovutpd vretiywv Transsonic 460 (Elma, I'eppavia), n
ovoxevn eEdtpong dtahutdv reacti-therm heating
module (Pierce, Ayyhia.), n puyoxevioog model 102B-
K-UT (Runne, 'eppavia), o avaivtrdg Luyds model
AE240 (Mettler, EMBetia) nouw oL autduateg mumnéteg
(Gilson, T'alAia).

Avrdgootijolo

To gapuoxrevtxd oxebaopa rav to Tridicine™ 300
mg (Farmazac-SynVet Ltd-A0vva-EAGda) ot pooe
duoxniov pe ™ ovvBeon mov ailvetol otov mivoxa 2.

H modtumn avahivtxy ynury ovoia g vdooyiw-
o Aepauioins (Ewdva 1) eilyxe mpounBevbel and
v groupeia Aldrich (H.ILA.). Ta aviidpaotioto xa-
Bapdmrag HPLC, 1) ueBavoln, to axetovitoiilo, o oEL-
%0C UBULEOTEQOS, TO YAMQOPAOULO OVOATIXYS HaBa-
pdtntag, Ntav amd v etoupeio LabScan (Ayyiia). To
TOLPO0QOES 0ED, TO VIQOYAWELKG 0ED, TO RAVOTIHO
VATELO ®aL TO GvudQO Beuxrs vATELO, avaAuTinyg vaba-
pdtnrag, Nrav axd v etougeia Merck (IM'epuavia). Ta

Mivaxag 1. TTAavoypopua OELypatoApLdy ®ow 0 aptduds Twv
AVAADOEWY.

Table 1. Sampling plan and the number of analyses.

X06vog petd v mavon xoerynong g Aefamloing (woeg)
24 96 168 240 336

ApOudg Covwv avd nuéoa derypatornypiog
4 4 4 4 4

Avo (2) ndptvpeg

Eidog delyparog
Kogag "Hrap Nepodg Almog
20 delyparar 20 delyporar 20 delypara 20 delypota

ZUvolo avalioswyv: 88

Iivarag 2. Z6vOeom (%) TOU PUOUAKEVTIROTV OREVATUATOS.
Table 2. Synthesis (%) of the pharmaceutical product.

Apaotri ovota TTooooté (%)

Ydpoyrwownri hePatoin 0,300 g

“Exdoya IMoocooto (%)
Aortoln 1,310 g
ALeVQO RAAAUTORLOT 0,720 g
ZTEaTO POy VIjOLo 0,015 ¢
Twwrolxd apvhotyo vdtoLo 0,120 g
Aavpird Belind vatoLo 0,025 g
TTopLdov 0,100 g

nm to 480 nm and monitored at Ay, ~ 220 nm. The rest
of the apparatuses used were: Ultrapure Water RiO™-
Milli-Q®system, Millipore (USA), vortex mixer Gennie
2 (Scientific Industries, USA), aggregator model PCU
Polytron-Aggregate® (Kinematica AG, Switzerland),
ultrasonic bath Transsonic 460 (Elma, Germany), reacti-
therm heating module (Pierce, U.K.), centrifuge model
102B-K-UT (Runne, Germany), analytical balance
model AE240 (Mettler, Switzerland) and automated
pipettes (Gilson, France).

Chemicals and reagents

The pharmaceutical product was the Tridicine™ 300
mg (Farmazac-SynVet Ltd-Athens-Greece) in the form
of a tablet having the synthesis which can be seen in
table 2.

The analytical chemical standard of levamisole
hydrochloride (Figure 1) was purchased from Aldrich
(USA). HPLC grade methanol, acetonitrile, ethyl
acetate and chloroform p.a. were from LabScan, (U.K.)
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@ihtoa duBnong e xvntic edong timov HV 0,45 um
xon FH 0.5 pm »aw ta gihtpa dujfnong tov telnod ex-
yukiopatog @13 mm Millex*GV Hydrophilic PVDF

0,45 um, Moy amé v etanpelo Millipore (H.IT.A.).

IIpétuma dahvpota xar YEOUATOYQUPIL

To unrewrd didhvpa g Aefoutoing 1.000 pg/kg
mopaorevdotre oe uebavorln HPLC pe ) yonowo-
oMo UNYaVIXoD avadeuTioa ®ot AOUTQOU VITEQT XMV
%o ovvinenOnxe otovg 4°C yua 3 pveg. O evildueoeg
TEOTUITES OQOLMDOELS TTAQAUOREVAOTN AV ETLONG OE WE-
B8avéln HPLC. Ta modtuma dtodiparta epyaciag itov
TAVTA TEAOPATA TAQAUOREVAOUEVOL UE AQULWOELS OF
wVNTH QAo Mote va £xovue ovyrevipnoelg 0,01, 0,05,
0,1, 0,25, 0,5, 1,0, 2,0, 4,0, 6,0, 8,0, 10,0 ug/mL. Exiong,
TOQAO®EVATOVTOY %ol dSoABpoTa o8 ueBavoln yuo Tig
eMPAQUVOELS YLl TO HQEAS, TO VEPQEO %Al TO Almog
(n=5) &dote va €xovue enineda empdovvong 1/2 MRL,
1 MRL, 2 MRL »otw 4 MRL tov 10 pg/kg, evd yia to
Nmap To avtiotolyo enimeda emfdouvong vroloyito-
vtav oto MRL tov 100 pg/kg (ITivarag 3) (Kavovi-
oudg, 508/1999).

H modtumm napmihy avagods, 1 omoia yonoLuo-
TOMON®E OTOV VTOAOYLOUS TOV CUYREVIQMOOEWY TNG
AePaulohng, elye To TAQOXATW YAQOKTNQLOTIRA: TE-
TRdYWVO TOu ouvteheoti ovoygnong r* = 0,999884, (-
on ¢ evbeiag (slope) = 0,00447, oraBepds 6pog (y-
intercept) = 0,000150. O yodvog ovyxedtnong g Ae-
Powtding fitav Rt = 4,334 = 0,025 min (RSD% =
0,58) (n = 10). Zdupwva ue v avorvnxy péBodo ov
yonowwomounifnxe (Tyrpenou and Xylouri 2006), n ué-
on avaxntnon (R%) mov emitevybnze Nrav 75,65 %
2,74% (RSD% = 10,4) yia 1o »péag, 70,25 = 1,07%
(RSD% = 1,52) ywa.to veed, 72,37 + 3,6% (RSD% =
4,97) yuo 1o o raw 69,44 = 2.22% (RSD% = 3,19)
yia To AMzwog (n = 5). To 6pto aviyvevong (LOD) tjtav
2,0 ng/kg yuo 1o #p€ag, To vepeo rou o Almog rau 5,0
ug/kg yia o o (n = 5). To GpLo moooTIROU TEOO-
droptopot (LOQ), otpgpuva ue Ty woxvovoa eEiomon
LOQ = 3x LOD, fitav 6,6 pg/kg yia to ®p€ag, To vepo
%o 1o Aiwog xow 16,5 pg/kg yio to mag. Zwnv ewdva 2
QAivVOVTOL YOMUOTOYQAPHUOTO dELYUATWY ITATOS ROl
vepEol Lhwv ov mioav T Begamevtinyg aymy.
M¢é€00dog aratiotintis avdivong

H uéBodog e yoauurig mahvdodunong mwou xon-
owpooOnre rav avty 1 ool Totelvetal 0d TV
Emtpomi yua ta Pappaxevtind I[ooidvia yio Kn-
viatowt] Xorjon (Committee for Medicinal Products
for Veterinary Use-CVMP) yia tov vitoAoyloud tov
XOOVOU avapovhg, eQaouélovtog 1o TEEYQauuo
Withdrawal-Time Calculation Programme WT1.4
(Hekman 2004). To (8o woyiel yuot 10 ve@o ®at To

NH 2 i
Dres
H NJ Cl-

Yopoyiwpikn 2eBopfodn
Mopioxkd Pépog= 240,38

AoyopiBpikn otobBepd toviopoy, pK, = 8,0

Ewdva 1. Ydpoxhmouxn Aefamloin, pooiaxd fdoog = 240,8
nat pK, = 8,0

Figure 1. Levamisole hydrochloride, m.w. = 240.8 and pK, = 8.0

Iivaxag 3. Méyioto ‘Ogro Kararoimwv — MRL (Kav. 508/1999).
Table 3. Maximum Residue Limit — MRL (Reg. 508/1999).

Ovoia Kardhowto -  Eidog MRL Totog-

Agirtng Zoov 0T0Y0g
Aefaulioln  Agfawltoin Booewdi, Koéag,
VOOYAwORY modPata, 10 ug/kg  veppol,
xolpot, Amog
TOVAEQUHA

100 pg’kg  “Hmap

and trifluoroacetic acid, hydrochloric acid, sodium
hydroxide and sodium sulfate anhydride of p.a. grade
were from Merck (Germany). Mobile phase filters type
HV 0.45 um and FH 0.5 um and syringe filters &13
mm Millex*GV Hydrophilic PVDF 0.45 ym were from
Millipore (USA).

Levamisole standards and chromatography

Levamisole stock solution of 1.000 pug/kg was
prepared in HPLC methanol using vortex mixer and
sonication and stored at 4° C for 3 months. Intermediate
standard solutions were also prepared in HPLC
methanol. Subsequent working standard solutions were
always freshly prepared from the stock solution by
diluting aliquots in the mobile phase used to get
concentrations of 0.01, 0.05, 0.1, 0.25, 0.5, 1.0, 2.0, 4.0,
6.0, 8.0, 10.0 pg/mL. Spiking solutions for muscle, kidney
and fat tissues (n=5) were prepared also in methanol in
order to obtain fortification levels of 1/2 MRL, 1 MRL,
2 MRL and 4 MRL of 10 ug/kg and for liver tissue the
corresponding fortifications were calculated based on
the MRL of 100 ug/kg (Table 3) (Regulation 508/1999).

The calibration standard curve used for the
levamisole concentrations calculation was r* = 0.999884,
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Ewdva 2. Xowpatoypopiprato Toayomindy SeLtyudtmy VEPQOU ®al ITatos.

Figure 2. Chromatograms of real incurred kidney and liver tissue samples.

Nra, dgyava To ortoio BemEotvtal ot LoTol ETAOYNS
v Taor rardhoura. O xodvog avouovig vitoloyliotnre
KON OLUOTOLMVTOS TO TOQUTAV® TQOYQUUU UE TNV
avaluon yoauurig Taivdedunong g AoyaotBuxiic
UETOTEOTNG TV UECWV TLUV TV dedouévmv, STov To
avw 6pLo avoyic, e 95% 6pLo epmotootvig, tay nd-
T and 1o MRL, to omolo oplotnxe and v Evpwrmai-
%1l "Evowon yua ta zatdhouta g Aefaulloing otovg
Lotovg Tou tpofdrtov (Hekman 2004).

AIIOTEAEEMATA

Ztov wivara 4 avagpEQOVIOL TO AVAAVTLRG OTTOTE-
Aéopata TS TaEOUoos LEAETNG UE TG WEDES TLUES YLaL
TOVG TEOOEQLS LOTOVS-0TOY 0V ®dBe onuelov devyporo-
Mypiag amd ta avtiotoya Teofata petd ) Bepamev-
T aywyn.

‘Onmg TaeatnEEelToL, 0L OUYREVIQWOELS TS Aol
C6Mng og Ghovg TOVG LOTOUS TTOV EEETATTNHAY 1{TOV VY-
AGTEQES TV TTQWTH NUEQA UETA T PUOUAREVTLRY Y-
v ®ow ot ovvéyela tapovaialav mrdon (Ewdva 3).
‘Oleg oL TWES o Nray xdtw arté 1o LOQ dev oupre-
othappdvovtol otov sivora 4 ®ow avaPEQOVTAL WS Ti-
wEg ®ATW 0TS TO 6QLO TOOOTIXOU TEOTOLOPLOUOY
(<LOQ).

Ta amotehéopota ™S NUAOYAUQLOUIXIE ROUTUANG
TOV CUYXREVIQWOEWY NG Aefaloing oe oxéon ue to
X00Vv0, 6ha ta, avolvtind dedouéva, 1 yoouuy waluv-
dpdunong, o dvew Splo eptiotootivig (95%), rabdg
%O O VTTOAOYLOUEVOS XOOVOCS avapoviic Yo to MRL 10
ng/kg yuo to vepod xow 100 pg/kg yio to Yo, avops-
povtal oTig emoves 4 xou 5. Exiong, oL mapduetool tov
VITOAOYLOPOU TOU XodVoU avauovic g Aefautoing,
ovupova pe to tedyoauua WT1.4, yio 1o vepd ®xaot to

slope = 0.00447, y-intercept = 0.000150. Levamisole
retention time achieved was Rt = 4.334 + 0.025 min
(RSD% = 0.58) (n = 10). According to the method
used (Tyrpenou and Xylouri, 2006), mean recovery
(R%) achieved was 75.65 = 2.74% (RSD% = 10.4) for
muscle tissue, 70.25 * 1.07% (RSD% = 1.52) for
kidney, 72.37 = 3.6% (RSD% = 4.97) for liver and
69.44 = 2.22% (RSD% = 3.19) for fat (n = 5). The limit
of detection (LOD) was 2.0 ug/kg for muscle, kidney
and fat and 5.0 ug/kg for liver tissue (n = 5). The limit
of quantification (LOQ), according to the equation
LOQ = 3.3xLOD, was 6.6 pg/kg for muscle, kidney and
fat and 16.5 ug/kg for liver. In figure 2, characteristic
chromatograms of real incurred liver and kidney
samples can be observed.

Method of statistical analysis

The linear regression method was that proposed by
the Committee for Medicinal Products for Veterinary
Use (CVMP) for the calculation of the withdrawal time
for slaughter following the programme Withdrawal-
Time Calculation Programme WT1.4 (Hekman 2004)
and for kidney and liver the tissue of choice for residue
surveillance. As far as withdrawal time for muscle and
fat tissue is concerned, there was no need for
calculation, because levamisole levels beyond 4" day
after medication were below the LOQ. The withdrawal
time was estimated using the above mentioned
programme with linear regression analysis of the semi-
log-transformed tissue concentrations and determined
at the time when the upper one-sided tolerance limit,
with a confidence of 95%, was below the MRLs
established by the EU for the residues of levamisole in
sheep tissues (Hekman 2004).
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Hivaxag 4. Aefoaloin oe wototg tpofdrov (ng/ke) netd and per os xoprynon ot déom twv 300 mg/40 kg 0.p. (4 mpdPara avd delyna).

Table 4. Levamisole in sheep tissues (ug/kg) after per os administration at the dose of 300 mg/40 kg b.w. (4 sheep per sample).

o/a Koéag Mean SD Aimog Mean

SD Neggos Mean SD "Hrap Mean SD

ITodym Nuépa petd ™ Bepamevtn aymyy (24 doeg)

1 120,08 177,58 672,43 1308,08
2 1247 93396 77,8 16LIB 7389 p90p 2l gageg 3gr72 149709 qgg877 88724
3 194,51 144,41 740,59 1878,79
4 495,77 212,38 1398,29 3271,11
Térapm nuépa petd m Oepamevtnt aywyri (96 dpeg)
1 6,47 7,20 34,47 118,24
2 <LOQ oo . <LOO " 00 1763 3120 922 9939 11804 3024
3 <LOQ <LOQ 34,46 160,91
4 <LOQ <LOQ 38,25 94,41
"ERdoun nuépa petd m Bepamevting aymyn (168 doeg)
1 <LOQ <LOQ 10,26 56,95
2 <LOQ 199 . <LOQ 00 1677 1632 716 272 6466 1215
3 <LOQ <LOQ 26,24 79,40
4 <LOQ <LOQ 12,01 69,55
Aénam nuéoa petd m Bepamevnnt] aywyr (240 wpeg)
1 <LOQ <LOQ 18,13 19,05
2 <LOQ oo . <LOO " 00 1481 4903 397 BB 05 9g
3 <LOQ <LOQ 24,37 31,46
4 <LOQ <LOQ 18,81 18,88
Aénom té€rapm nuépa petd m Oepamevtxt] aywyri (336 dpeg)
1 <LOQ <LOQ 52.18* 12,77
2 <LOQ oo . <LOO " 00 904 3918 2066 2271 1658 46
3 <LOQ <LOQ 42.47* 13,29
4 <LOQ <LOQ 53.04* 17,55

* amoparouonéveg Tpég (outliers) wov dev AjgOnxzay vidyn

Nra ovpeQAappdvovtan otovg tivaxeg 5 vou 6, avri-
otowya. ‘Ocov apod ota dedouéva yua Tov VIToloyL-
oud TOV YEGVOU OVOILOVHS OTO ®QENC AL TO ATTOg, o
motdOnre 6t Ta ®atdhoima g VdQoYAmErc Aefa-
WEOANG OTOUE VIO AvdAVOoT LOTOUS OTTOUOXQUVEn®ay
yoryooa wéyoL Ty TET0QTH NUEQA UETA TNV OO XO-
O1YNONS TOL PaEUAXROU, Ot enimeda ®dTw ard 10 6010
000TL20U TEoodLoLouoy (<LOQ). Mdvo éva delyua
%o o7t Tovg 060 LoTOUE, TNV TETAOT NUEQN HETA THY
TOvoN TS Ay YRS, HTay TAVE amd To GLO TOCOTLROU
mpoodopouoy (>LOQ). “Etol, cupepaivetal 6t to
1OTAAOWTA OTO ®QEAS %L TO AMTog dev wroQovv va An-
@Bolv wg dedouéva yua Tov VITOAOYLOUS TOU YEGVOU
avapoviig, ovppmva pe v Evpomaing Aoy yio thv
AELoAGynon tov Kenviarouav Paguaxevtindv Ipoi-
oviov (EMEA 1995).

YYZHTHXH

Toa amoteléopata g mapovoag uehétng delyvouv
ot 1 Aefaplorn ProouyrevtowveTan ®atd TQOTIUNOY

LOD = 6.6 ug/kg ywa np€ag, veqo, Aimog xaw LOQ = 16.5 pg/kg yia rimao

RESULTS

The analytical results of this depletion study, with the
mean calculated values from the four target tissues of
each sampling point of four sheep after medication, are
presented in table 4.

As it can be observed, levamisole concentrations in
all tissues tested were higher the first day after
medication and declined thereafter (Figure 3). Values
below the LOQ are not included and are marked as
<LOQ.

The results of the semi-log curve of levamisole
concentration in relation to time, relative data, the
regression line, the upper confidence limit (95%), as
well as the calculated withdrawal time for the MRL of
10 pg/kg for kidney and 100 pg/kg for liver, are
presented in figures 4 and 5, respectively. Also,
withdrawal time parameters of levamisole in kidney and
liver, calculated by the programme WT1.4, are included
in tables 4 and 5, respectively. Concerning calculation of
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Ewdva 3. Iotéyoopua amopudrouvong tmv ®otahoiwy mg Ae-
Bautoing amd to vp€ag, To NI, TO MITOS ROL TO VEPQEO TOV
TEOPdTWYV.

Figure 3. Histogram of levamisole residue depletion from
muscle, liver, kidney and fat sheep tissues.

OTO MTTOQ RO TO VEPQEOD, OTTMS ETIONG AVOPEQETAL 0TS
v EMEA (EMEA Summary 2). ®atvetor oapog 6t
T0 frtaQ ewdwmd amotelel Eva oNUOVTIRG LOTO, At TV
dmoym Twv xatahoimwy, Tov Bo weénel va Aaufdvetan
VITOYN 0TV 0vAAUOT IO TOV TTROOLOQLOUS HOTONOT-
WV TG00 Y0 TLG PEAETES ATORAXRQUVONG GO0 RO YL
TOoV 2000QLOUS TOV YEOVOU OVOUOVIS. AVaQoourd Ue
TOV UTTOAOYLOWS TOU Xodvou avapovig, Oa mémet va
emonuavOel TL T ROTANOLTAL 0TO VEPQOS TOQOVTTAUTOLY
Babuaia wrdon g nuégeg 1, 4 waw 7 xow o Tdvem
a6 1o MRL (10 pg/kg) »otd ) LtdoreLla Tmv NueQv
10 now 14. O cwvEnuéveg autéc Twég aglohoyndnray wg
evdeyouevo avalutrd Aabog, to omoio dev pog emé-
TOEWE TN XONOWOTO{noY Toug Oty oTtaTioTry eneEeQ-
Yo YLo TOV VTTOAOYLOUO TOU YQOVOU OVAUOVNG, YLOLTE
BewEBnxrav amoparpuouéves tinég (outliers). Ta xa-
tdhouta 010 1ja ftay Tdvem amé to MRL (100 pg/kg)
v Nuéea 1 xou 4 xaw ndtw od to MRL, aAhd vimAS-
tepa amtd to LOQ ot ovvéyera. Ta mogamdvem evn-
wota Pelorovral oe ovupovio ue 6oa avagpéQovral
anté Ty EMEA, 6mov avagépetan ot uetd ™) 141 nué-
Q0 1] CUYREVIQMON TNS AUTOVOLOS OVOIAS OTOVS €V AG-
Yo 10ToUg eival wxey, oAd oe otabepn avairoyio.
Enouévag, eivor moogpavég 6Tl ta vatdhowmo oavtd ei-
VOl TEQLOOGTEQO OTAOEQA KOl ATALTEITAL OTOTLOTLRY

10000
so0n 4 Pefke

500 H MHAL = 10 pg/kg [vegpic)

0z : Hpdvos (npépes)

o 3 b 9 12 15 1 21 24 2 el

Ewdva 4. HuhoyaotOuny] omemovion Tmv ovyrevIpmoswy
™G Aefaplding oto vepoo.

Figure 4. Semi-log representation of levamisole concentrations
in sheep kidney.
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Figure 5. Semi-log representation of levamisole concentrations
in sheep liver.

withdrawal time for muscle tissue and fat showed that
levamisole residues in these tissues were depleted fast
until the 4" day after medication, at levels below the
LOQ and only one sample of both tissues on day 4 after
medication was above the LOQ. Hence, it is presumed
that residues in muscle and fat could not be taken into
account for withdrawal time calculation, according to
The European Agency for the Evaluation of Veterinary
Medicinal Products (EMEA 1995).

DISCUSSION

The results of the present study clearly indicate that
levamisole is preferably accumulated in liver and kidney
in good agreement with EMEA (EMEA Summary 2)
and clearly demonstrate that especially liver represents
an important tissue from the residue point of view.
Concerning withdrawal time determination, it should be
pointed out that the residues in kidney showed a gradual
depletion during the days 1, 4 and 7 and an increase over
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Iivaxag 5. [TapdueToL Tov YoGVoU avapovis g AeBauloing oto vepd.

Table 5. Withdrawal time parameters of levamisole in kidney (Programme WT1.4).

IHagdpetgor Tov xeovov avapoviic (NE@POL)

SSTOT .o 254,9946
SSPE cximmus o s o s sm e s 0% 05 65 8 % 505 £ 66 53 FHE IR 1,3926
OSREG: 0 i 5 6 s 5 6 e v 5 s v ¢ v v 0 v 5 oo 5 6 o w5 v ¥ 5 249,1176
SSLOF ..o 4,4844
TICTP isumesnmuesmwssowss e asmss oy es 9 s 9@ s 18 981,9776
CORR ... -0,6567

SLOPE . ...t -0,9170
SN 5 0 55 05 5.0 5 4 50 ¥ 5 G060 5 5 0 68 U5 €5 5.5 6 4 50 1 5 0,7666
Fotest ..o 28.9811 (1/9) (p<0,025)
Cochran-test ..........oooevinnn. 0,3717 (3/3) (p>0,05)
Bertlett-test « i s swssnwss omsvswwssmns 0,0705 (2) (manually)
Shapiro/Wilk ............. ... ... 0,9455 (12) (p>0,10)

Ymohoyiopévog xeovog avapoviis = 11,43 nuépeg

*SSPE = sum of squares due to variability within the groups
*SSREG = sum of squares due to regression

*SSLOF = sum of squares due to lack of fit

*EXP (CPT) = intercept of the regression-line

*LK (SLOPE) = calculated slope of the regression-line
*CORR = calculated correlation coefficient

*SXY = residual error

*F-test = test for log-linearity of the data-set

*Cochran-test = test for homogeneity of variances
*Bartlett-test = test for homogeneity of variances
*Shapiro/Wilk = test for normality of the calculated residuals

IMivaxag 6. [TapdueToL Tov YOGVOU avapovig ™mg AeBapuioing oto Nrag.

Table 6. Withdrawal time parameters of levamisole in liver (Programme WT1.4).

ITapdpeTgot Tov xedvov avapovijc HITAP)

SSTOT .ot e 460,6364
SSPE sinmessmossmsssmessass vss wiae 5w s u® e 1,3801
SSREG ... 450,6101
SSLOF ..o 8,6462
ICTP :ionssswosswnssomssmassomssomassosssnmgss 1016,5707
CORR ...t -0,3377

SLOPE ...t -0,9077
SECY 5w vy wimes miee s 5 w88 50§ NG £ 5F 2 8 HEE 8w 0,7463
F-test ..oooviiiiiiiiiian. 31.3239 (3/15) (p<0,025)
Cochran-test ..........ccoevvennn. 0,3549 (5/3) (p>0,05)
Bertlett=test o i sassrmnssomsiswsssnns 1,9649 (4) (manually)
Shapiro/Wilk ..................oL 0,9472 (20) (p>0,10)

Ymrohoyropévog xeovog avapoviis = 12,6 nuépeg

*SSPE = sum of squares due to variability within the groups
*SSREG = sum of squares due to regression

*SSLOF = sum of squares due to lack of fit

*EXP (CPT) = intercept of the regression-line

*LK (SLOPE) = calculated slope of the regression-line
*CORR = calculated correlation coefficient

*SXY = residual error

*F-test = test for log-linearity of the data-set

*Cochran-test = test for homogeneity of variances
*Bartlett-test = test for homogeneity of variances
*Shapiro/Wilk = test for normality of the calculated residuals

avaivon ovugpovo pe 6oa egrypdgovial oto "Note
for Guidance: Approach towards harmonisation of
withdrawal times" (EMEA, 1995).

[ol Tov VTOAOYLOWS TOV YEGVOU AVALUOVNG YLCL TO VE-
PEO xONoLoTOWBNKaY ToL SESOUEVO TWV TOUDY TOWTWV
YOOVIRGV OTLYUaV derypatolnpiog, diady tmv nue-
oV 1, 4 naw 7, naL yio 1o R xenotpototnray ha
T avalvtird dedouéva amd Sha To onueia deryuaro-
Mmypioc. H otamotr] avdlvon €dwoe xodvo avauovig
yio To ve@EO xou o o 11,43 wow 12,6 nuépeg, avrl-
otovya. “Etol, wropel va mpotabel pe ao@diela ®o-
TdAMAOC Yodvog avapoviis 13 nueodv yia T Aefaut-
TOM. Zuyrlivovtag To. OTOTEAEOUOTA HOG UE EXEIVA TNG
EMEA, 6t dnhadn ta emimeda g Aefamloing mé-
@Tovv xdtm 0mté 1o MRL péyor tny nuépa 21 »ou pe
exeiva tov Kindred and Walcott (1996), Gt dnhadi ot
¥OOVoL avapovig g Aefaulloing xvuaivovral ard 2

the MRL (10pg/kg) on days 10 and 14. These higher
figures were taken as a possible analytical mistake,
which did not enable us to use them in the statistical
analysis for the determination of withdrawal time,
because they were assessed as outliers. The residues in
liver were over the MRL (100 pg/kg) on days 1 and 4
and below the MRL, but higher than the LOQ
thereafter. This finding is in accordance with that of
the EMEA, where it is mentioned that over 14 day time
the unchanged drug concentration in these tissues is a
small, but constant portion. Therefore, it is obvious that
these residues are more consistent and they need
statistical analysis according to that described in the
Note for Guidance: Approach towards harmonisation of
withdrawal times (EMEA 1995).

Referring to withdrawal time calculation for kidney,
the data of the first three sampling points, e.g. the 1, 4
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€wg 19 nuépeg avdhroya pe to idog Tov Lhov naw To
PUQUOAEVTIRG OAEVAOUA, WTOQOUUE VO CUUTEQAVOUUE
JTL 0 TEOTELVOUEVOG YOOVOS avouoviS TV 13 nuepdv
elvau arodexToc.

YYMIIEPAXMATA

To arote éopata g Topovoag ueAETg, ue Paomn
TN OWOTH 0QYAVWOT ROl EXTELEDT TOV BLoloyLxoU meL-
QAUATLOUOU, AL %O THY CITTOdOTLRATHTO TS OVOAUTL-
%1ic ueBSdov mov epapudoTyke, £delEav 6TL TOL RaTd-
houta Tg AePauloing amopaxrBvoviol Yoiyooa ard
TOVG LOTOUE TOV TTQOPATOU %L TTLO OUYRERQUUEVOL:

1. Ov ovyrevtpdoeLs TV ®oTaAOITT®Y TS AefoL-
TOMG netd ammd ™y €@’ Amag oo ynon Tov Qaoua-
revtrol orevdoparog Tridicine™ 300 mg (Farmazac
SynVet EIIE) ot Oepamevtixy 06on tov 7,5 mg/kg
0.p.MmMuépa, oto nEE0g ®Ka 0TO MITOG, ROTEQYOVTUL XA
10 tov MRL tov 10 pg/kg evidg tov tolddv mootmny
NUEQWV UETA TN XOONYNON TOU QPUOUAXOV. ZTOVG VE-
@EOoUg oL ouyrevtpdoels thg AeBouloing Polorovron
oe emimeda ndtw tov MRL tov 10 pg/kg natd tv nué-
oa 14 petd v mavon yoeriynons (Yug/kg). Téhog, oto
Na, To omolo amwoteAdel ®aL To ®UELO GQYAVO YLX TOV
2©0000L0US TOV YEOVOU AVOUOVIIS, Ol CUYREVIQMOELS
™ AePoloing ratéyovion xdtw tov MRL twv 100
ng/kg apéong petd v 4n nuéoa and v tadon xoen-
YNONG TOU QOQUAROV.

2. O yodvog avapovic (Withdrawal Period) yio to
Méyioto ‘Opto Kartarolmmv (MRL) tov 100 pg/kg Ae-
Bouloing yio To Mo Twv TEofdTmV te 60 EUITL-
otoovvng (Confidence Interval) 95% vohoylotnxe og
12,6 nuépeg. Aaupdvovrog voyn xat 1o YedvVo oval-
HOVNS YL TO VEQQEO, 0 0molog vtohoyiotyre oe 11,43
NUEQES, O YEOVOS OVOUOVI|S TTOU TQOTE(VETOL UE ALOQAL-
AELOL, OVUPOVO UE TO OTOTEAECOUATO THG TAQOVONG
€ogvvag, eival oL 13 nuégec. ZVugpuva Ue 10 YeOVo au-
10, €lval OAPES GTL OL OUYREVIQWOELS TV ROTAAOITTMV
™S Aefamtoing otoug Lotovg Tou pofdrov fotorovion
oe emimeda natd mohd yaunidtega ad to MRL, ve-
YOVGG T0 07t0{0 ONpUaLivel GTL UETA TV 1000 TOL XQ36-
VOU quToU TO TEAXS TEOIOV elval ATOAMITWS AOPAAES
YLOL TOV ROTOVAAMTY.

Evyagiotieg

H napotoa €gevva yonuatodotiBnre amd ™) go-
naxrevtxy erowpeio Farmazac SynVet/Veterinary &
Public Health Products, ABYjva-EAdda, ota mhaiolo
oy ETIHOU EOYduuoToc.

and 7 day were used, because the following two
sampling points of 10 and 14 day found to be at the same
concentration levels and did not allow to accurately
calculate the withdrawal time. As about liver, all the
data from all sampling points were used. This statistical
analysis gave a withdrawal time for kidney and liver of
11.43 and 12.6 days, respectively. Hence, an appropriate
mean withdrawal time of 13 days for levamisole could
be safely proposed. Comparing our results to those of
the EMEA that levamisole levels drop below the MRL
until day 21 and those from Kindred and Walcott (1996)
that levamisole withdrawal periods ranging from 2 to 19
days depending on the species and the dosage regime,
we can conclude that the withdrawal time proposed of
13 days is acceptable.

CONCLUSIONS

The results of this study, based on the proper
organization and execution of the biological experiment,
as well as on the efficiency of the analytical method
applied, showed that levamisole residues are depleted
fast from the sheep tissues, and more precisely:

1. Levamisole residue concentrations after a single
dose of the pharmaceutical product Tridicine™ 300 mg
(Farmazac SynVet Ltd) at the therapeutic dose of 7.5
mg/kg b.w./day, in muscle and fat drop below the MRL
of 10 pg/kg in the first three days after dosing. In kidney,
levamisole concentrations drop below the MRL of 10
ug/kg during the 14" day after dosing (9ug/kg). Finally,
in liver, which is the main organ for withdrawal time
determination, levamisole concentrations drop below
the MRL of 100 pg/kg, just after the 4" day after
medication.

2. The withdrawal time, which was calculated for
the MRL of 100 pg/kg in sheep liver, with confidence
interval 95%, found to be 12.6 days. Taking into account
the results for the kidney, in which levamisole
concentrations remain also during the 14" day at levels
below the MRL, the withdrawal time suggested should
be the higher value of 13 days. According to this time,
it is clear that levamisole concentrations in sheep tissues
are at levels quite lower than MRL, which means that
after this time the final product is absolutely safe for
consumption.

Acknowledgments

This study was financially supported by the
pharmaceutical company Farmazac SynVet/Veterinary
& Public Health Products in Athens-Greece, in the
framework of a relevant research project. 1

MEPIOAIKO THE EAAHNIKHE KTHNIATPIKHE ETAIPEIAZ 2007, 58(1)
JOURNAL OF THE HELLENIC VETERINARY MEDICAL SOCIETY 2007, 58(1)



TYRPENOU A.E., XYLOURI-FRANGIADAKI E.M., FRANGIADAKIS M.G.

21

BIBAIOI'PA®IA - REFERENCES

Braund KG (2003) Neurotoxic Disorders. In: Braund, K.G. (Ed),
Clinical Neurology in Small Animals-Localization, Diagnosis
and Treatment. International Veterinary Information Service
(www.ivis.org), Ithaca, New York, USA, pp 1-23.

Chankvetadzea B, Burjanadze N, Santi M, Massolini G, Blaschke G
(2002). Enantioscparation of tetramisole by capillary
electrophoresis and high performance liquid chromatography
and application of these techniques to enantiomeric purity
determination of a veterinary drug formulation of L-levamisole.
J Sep Sci, 25:733-740.

Cherlet M, de Baere S, Croubels S, de Backer P (2000) Quantitative
analysis of levamisole in porcine tissues by high-performance
liquid chromatography combined with atmospheric pressure
chemical ionization mass spectrometry. J Chromatogr B,
742:283-293.

COMMISSION REGULATION (EC) No 508/1999 of 4 March
1999 amending Annexes I to IV to Council Regulation (EEC)
No 2377/90 laying down a Community procedure for the
establishment of maximum residue limits of veterinary medicinal
products in foodstuffs of animal origin. Official Journal of the
European Communities L 60/16 9. 3. 1999.

Dolezalova M, Tkaczykova M (2001) LC determination of the
enantiomeric purity of levamisole using stationary phase with
bonded naphthylethylcarbamoylated-beta-cyclodextrin. J Pharm
Biomed Anal, 25:407-415.

EMEA (<1995) EMEA Levamisole-Summary (2). Committee for
Veterinary Medicinal Products. The European Agency for the
Evaluation of Medicinal Products. Veterinary Medicines
Evaluation Unit.

EMEA (1995) EMEA, Note for Guidance: Approach towards
harmonisation of withdrawal times. The European Agency for
the Evaluation of Veterinary Medicinal Products.
EMEA/MRL/036/95-Final.

Hekman P (2004) BRD Agency for the Registration of Veterinary
Medicinal Products, The Netherlands, pp 1-8.

IPCS (1991) IPCS-Levamisole. In: Toxicological evaluation of certain
veterinary drug residues in food. The thirty-sixth meeting of the
joint FAO/WHO expert committee on food additives (JECFA).
WHO Food additives series: 27. International Programme on
Chemical Safety. World Health Organization, Geneva, pp 75-
101.

Kindred T, Walcott J (1996) The FSIS National Residue Programme.
In: Haagsma N, Ruiter A (Eds), Proceedings of the EuroResidue
III conference on Residues of Veterinary Drugs in Food,
COLOPHON, Veldhoven, The Netherlands, pp 175-184.

McKellar QA (1997) Ecotoxicology and residues of anthelminthic
compounds. Vet Parasitol, 72:413-435.

Palermo D, Milillo MA (1979) Gas-chromatographic determination
of levamisole residues in sheep flesh. Boll Soc Ital Biol Sper,
55:1859-1862.

Paulson GD, Feil VJ (1996) The disposition of 14C-levamisole in the
lactating cow. Xenobiotica 26:863-875.

Rose MD, Argent LC, Shearer G, Farrington WHH (1995) The
effect of cooking on veterinary drug residues in food: 2.
levamisole. Food Addit Contam 12:185-194.

Sahagun AM, Teran MT, Garcia JJ, Fernandez N, Sierra M, Diez MJ
(2001) Oral bioavailability of levamisole in goats. J Vet
Pharmacol Ther, 24:439-442.

Tyrpenou AE, Xylouri-Frangiadaki EM (2006) Determination of
Levamisole in Sheep Muscle Tissue by High-Performance Liquid
Chromatography and Photo Diode Array Detection.
Chromatographia 63:321-326.

ITEPIOATKO THE EAAHNIKHE KTHNIATPIKHE ETAIPEIAZ 2007, 58(1)
JOURNAL OF THE HELLENIC VETERINARY MEDICAL SOCIETY 2007, 58(1)


http://www.tcpdf.org

