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Abstract

The development and validation of a high-performance liquid chromatographic and UV detection method was accomplished
for quantitative determination of levamisole in chicken tissues, eggs and plasma. The chromatographic separation was achieved
on Lun& 5um Cyg column using a mobile phase of 0.2% acetic acid in water:methanol (50:50 (v/v)) and Pic B-7 low UV
reagent and the pH was adjusted to 7.31 with ammonium hydroxide and UV wavelength was 225 nm. Limits of quantification
were 0.025.9/g for all tissues and 0.0G8g/ml for plasma. Limit of detection was 0.0pdy/g for tissues and plasma.
© 2003 Elsevier B.V. All rights reserved.
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1. Introduction against lungworms and gastrointestinal nematodes. It
is also used as adjuvant therapy in the treatment of hu-
Levamisole is the laevo isomer of di-tetramisole, man cancef2]. Levamisole is currently being used to
which is a racemic mixture. The parent compound, treat capillaria infection in poultry3]. Doses for the
tetramisole, was first marketed as an anthelmintic in use of levamisole in poultry are availalpg, although
1965 but it was soon noted that its anthelmintic activ- the use of levamisole in poultry is not approved by the
ity resided almost entirely in theisomer, levamisole.  US Food and Drug Administration. No information is
Thus, it was determined that the dosage could be re- available from Food Animal Residue Avoidance Data-
duced by half using the-isomer alone. Reducing the bank (FARAD) or Food and Agriculture Organization
dosage has an advantage of decreasing the risk of tox-(FAQO) regarding the residue potential, metabolism or
icity with the same anthelmintic poten¢y]. withdrawal times of levamisole use in poultj].
Levamisole is widely used as an anthelmintic in Although it is used in poultry industrjg], the USA
cattle, sheep, goats, swine, and poultry. It is effective tolerance level in edible tissues (Qu8/g) is only ap-
plicable for cattle, sheep, goats and swiBebecause
T Fax 11-334-844-5388. the_;re is not enough ipformation_ abc_)ut _withdra_vval in
E-mail address kemppbw@vetmed.auburn.edu chickens. Since the withdrawal time is different in var-
(B.W. Kemppainen). ious animal species, it is difficult to predict the with-

1570-0232/$ — see front matter © 2003 Elsevier B.V. All rights reserved.
doi:10.1016/j.jchromb.2003.08.025



372 H. El-Kholy, B.W. Kemppainen / J. Chromatogr. B 796 (2003) 371-377

drawal time in chickens after medication with lev- gift from Jansen Pharmaceuticals, Beers, Belgium.
amisole. All solvents for liquid—liquid extraction and mobile
Various methods have been published for the de- phase preparation (methanol, water, ethyl acetate,
termination of levamisole in biological fluids and ethyl ether, hexane and chloroform) were HPLC grade
tissues. The only analytical methods that use HPLC and purchased from Fisher Scientific, Fair Lawn, NJ,
with UV detection to measure levamisole are for bio- USA. Chemicals used for both the extraction and
logical fluids, i.e. plasm@’—9], serum[10], and milk mobile phase (glacial acetic acid, anhydrous sodium
[11], and they resulted in early elution of levamisole sulfate, sodium hydroxide, potassium hydroxide,
and its internal standard. The analytical methods for hydrochloric acid and ammonium hydroxide) were
measuring levamisole in tissues used methods otheranalytical reagent grade and were purchased from
than HPLC-UV. These methods include gas chro- Fisher Scientific. The ion-pairing compound (Pic B-7)
matography (GC) with thermionic specific detection used in the mobile phase was low UV reagent and
in animal plasma and tissyé&2], capillary GC with purchased from Waters Corp., Milford, MA, USA.
mass spectrometric detection in lijég], HPLC with
thermospray-mass spectrometric detection in tissues2.2. Solutions
[14], and HPLC with atmospheric pressure chemical
ionization (APCI) mass spectrometry in tissUy&Ss]. A stock solution of 100@Q.g/ml levamisole was
An HPLC method with photodiode array detection prepared in methanol. It was stored -aR0°C and
[16] was described for measuring of levamisole in replaced with a fresh stock solution every 3 months.

meat, the column used was a micro Bondapak C Working solutions of levamisole were prepared by
In an attempt to eliminate co-elution of endogenous diluting stock solution with water, stored at6 and

compounds peaks, another extraction mefi@flwas replaced with fresh every month. The working solu-

used with one of the chromatographic meth¢ts]. tions prepared for spiking tissues were 25, 20, 15, 10

When the problem with co-elution of levamisole and and 5ug/ml and for spiking plasma were 100, 50,
endogenous peaks continued, it was decided to de-25, 20, 15, 10, 5, 1 and Ogg/ml. Working solution
velop a new HPLC-UV analytical method. The new of methyllevamisole at the concentration of d@/ml
techniqgue involved changing to a LunagCcolumn was prepared by appropriate dilution of the stock solu-
and modifying the mobile phase. tion with water. The storage conditions for methylle-
This work describes a new method for the quan- vamisole solutions were the same as for the levamisole
titative determination of levamisole in chicken tissue solutions. By spiking 10 g tissues (breast muscle, thigh
samples by high pressure liquid chromatography com- muscle, liver, fat, skin plus fat and egg) or 1 ml plasma
bined with UV detection. Standardization was done with 100l of the 10pg/ml working solution methyl-
by using methyllevamisole as an internal standard to levamisole concentrations of Quby/g of the tis-
get precision and accuracy of the method. Published sues and Lg/ml of the plasma were obtained, and
methods for multi liquid—liquid extraction steps were spiking each tissue or plasma with 100of the re-
used for extraction of the drug from different tissue spective working solution of levamisole, levamisole
matrices. Finally, the method has been validated for concentrations were 0.25, 0.2, 0.15, 0.1, and Q.95
guantitation of the drug at levels 0.0g8/g for all in tissues and eggs and 10, 5, 2.5, 2, 1.5, 1, 0.5, 0.1
tissues and 0.003g/ml for plasma. and 0.05.g/ml in plasma.

2.3. Biological samples
2. Experimental
Levamisole-free tissue samples (breast muscle,
2.1. Chemicals thigh muscle, liver, fat, skin plus fat and eggs) were
obtained from local stores (Walmart and Kroger,
Levamisole hydrochloride was obtained from Auburn, AL, USA). Plasma samples were obtained by
Sigma, St. Louis, MO, USA. Methyllevamisole hy- collecting levamisole-free blood in heparinized tubes
drochloride, used as internal standard, was a generousrom chickens being processed at Auburn University
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Poultry Farm, Auburn, AL, USA. The tissue samples each tube was added 0.8 ml water and vortex mixed
were minced and homogenized using a Moulinex followed by 0.5 ml of 20N sodium hydroxide and vor-
blender, Paris, France, and the blood samples weretex mixed followed by 5ml of ethyl ether:hexane
centrifuged for 5min at 848& g and plasma was sep- (80:20 (v/v)) and vigorously shaken. The mixture was
arated. All tissue matrices and plasma were stored atcentrifuged for 5 min at 84& g and the organic layer

—20°C until analyzed. was separated and dried at room temperature under a
stream of nitrogen. The residue was re-dissolved in
2.4. Extraction procedures 100pl of the mobile phase and 20 was injected in

the chromatographic system.

2.4.1. Tissue extraction

The extraction process was done according to the 2.5. Chromatography
method described by Heitzmgi7] for measuring
levamisole in animal tissues. Ten grams of tissue A Waters (Milford, MA, USA) HPLC system was
homogenate were transferred into a capped 50 ml used. It consisted of a Model 510 pump, Model 717
polypropylene centrifuge tube and spiked with 200  autosampler, Model 746 data module, and Model 486
of the working solution of the internal standard and programmable multi-wavelength UV detector. The
100pl of the working solution of levamisole. Af-  chromatographic condition included a Lunai Cyg
ter vortex mixing for 15s, 5g of anhydrous sodium 150 mmx 4.6 mm analytical column (Phenomenex,
sulfate was spread on the surface of the tissue andCA, USA) and guard column packed with Perisorb
1 ml 50% KOH was added and vortex mixed. To this RP-18 (Upchurch Scientific, Oak Harbor, Washing-
mixture, 15 ml ethyl acetate was added and homoge- ton, USA). The mobile phase was prepared after
nized with Tekmar tissue-mizer (Cincinati, OH, USA) modification of that in Gafa et al., 199([7]. One
at maximum speed. The homogenized mixture was liter 2% acetic acid in water:methanol (50:50 (v/v))
shaken with a horizontal shaker for 10 min and left and one bottle of PIC B-7 low UV reagent with the
motionless for another 10 min. The tubes were cen- pH adjusted to 7.31 with concentrated ammonium
trifuged at 848x g for 15 min and the upper organic hydroxide solution. Flow rate was 1 ml/min. The UV
layer was transferred to another polypropylene tube. detection was at wavelength of 225nm. The data
The tissue sample was re-extracted with another 15 ml module attenuation level was at 64, linearity range in
ethyl acetate and centrifuged for 5min at 84&. tissue was 0.05-0.38g/g and the limit of detection
The ethyl acetate extracts were pooled and 5ml 0.5M was 0.003u.g/g.
HCIl was added and vigorously shaken. After centrifu-
gation, the organic layer was discarded and the acidic 2.6. Validation measurements
layer was transferred to a 12 ml polypropylene tube.
The solution was made alkaline with 1 ml 50% KOH. In order to evaluate the suitability of the method
The analyte and the internal standard were extractedfor the quantitative determination of levamisole, val-
with 100! chloroform and transferred to polypropy- idation studies were carried out by applying a set
lene micro-vial. After evaporation, the chloroform of parameters which are in compliance with the re-
residue was dissolved in 125 methanol and vortex  quirements as defined in the Rules Governing Medic-
mixed and 125 water added giving a total volume inal Products in the European Communjiy8]. The
of 250ul. Volume injected in the HPLC system was method was validated at the tolerance level {0yig)

50l in cattle, sheep, goats and swine that is defined by the
USDA [3], at half the tolerance level (0.¢&/g) and
2.4.2. Plasma extraction at double the tolerance level (Qug/qg) in tissues and
The extraction of levamisole from plasma was done at 10, 5, 1, 0.5, and 04dg/ml in plasma. The follow-
according to a method described by Garet al.[7]. ing parameters were examined.

Polypropylene centrifuge tube (15 ml) containing 1 ml The linearity of the method was evaluated by spik-
plasma was spiked with 1QQ of the internal standard  ing blank tissue samples. For each calibration curve,
and 10Qul of the working solution of levamisole. To  different concentration levels were used, including a
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zero level and concentrations of 0.25, 0.2, 0.15, 0.10
and 0.05u.g/g for tissues and 10, 5, 2.5, 2, 1.5, 1, 0.5,

0.1 and 0.0%.g/ml for plasma. Peak area ratios be-

tween levamisole and methyllevamisole were plotted
against the concentration of levamisole and a linear
regression was performed.

The recovery was defined as the percent of recov-
ered amount of the drug from the spiked amount and
it reflects closeness or agreement between the spiked
value and the concentrations calculated in a series of ¢, e 250 1105
experiments{ = 6). It was determined by analyzing () TIME (MIN)
six blank tissue samples spiked at the same concentra-
tion level and comparing the measured concentration
to the spiked concentration. The concentrations used
were 0.2, 0.1 and 0.Qbg/g for tissues and 10, 5, 1,
0.5, and 0.3.g/ml for plasma.

The precision was defined as the ‘within-laboratory
repeatability’ since it includes the use of the same
method on identical test material, in the same labora-
tory by the same operator using the same equipment
on different days. It is expressed as the ratio between
the standard deviation of the mean calculated con-
centrations and the mean calculated concentrations -—_Q’J

o
S
N
o

> 9.887

1.988

1.465

(expressed as p.ercent).. .The maximu_m allowable tol- ¢, s e s
erances for the imprecision (R.Skkay) is calculated (b) TIME (MIN)

according to the equation.BD.max = 2(1-05109¢)

with ¢ being the spiked concentrati¢h8]. For anal- Fig. 1. Chromatograms of: (a) extracted blank breast muscle and

yses carried out under repeatability conditions the g‘:‘og"’:‘nkdtgemags/;’;‘f“zf;hSﬁ‘;”gﬁ_:gteghve‘"trgtg;?%n‘mz‘é‘for
. i . yllevami . i i
0, .
R.S.D. (/0) S_h_of“d not exceed two-thirds of R'$“B‘_' levamisole and methyllevamisole are 5.517 and 8.948 min, respec-
The specificity was evaluated by the analysis of ey,
blank tissue samples. The absence of endogenous
compounds with the same retention time as levamisole
and methyllevamisole, as well as the absence of the .,
possible interference of other compounds belonging cajibration curve results of levamisole in chicken liver, breast

to the same class of compounds as the analyte, wasmuscle, thigh muscle, fat, skin plus fat, eggs and plasma (linear

demonstrated. regression equationy = ax+ b)

The limit of quantification (LOQ) is defined as the Tjssye Slopea Interceptb  r Goodness
lowest concentration for which the method is vali- of fit (%)
dated with an accuracy and precision that fall within Liver 829  —0.00895 0.993 8.6
the ranges specified. Moreover, as recommended byBrest Muscle 829 -0.00902  0.993 7.2
the European Union Community, the LOQ has to be Thigh Muscle 8.90 0.0764  0.997 4.6
equal to or less than half the tolerance level (0glg) Fat 6.37 0.113 0.980 9.0

) o o Skin plus fat 6.53 0.0763 0.991 8.7
according to the “Commission Decision No. 93/256 Eqg 8.41 0.208 0988 6.4
of the European Union Communityf18]. The limit Plasma | (0.05-1.5) 0.689 6.22 10~° 0.999 8.7

of detection (LOD) is defined as the lowest measured Plasma Il (2-10)  0.692 0.0632 0.999 2.7
content from which 't. is possible to mdllca'te the prgs- a Goodness of fit was calculated standard error of estimate to
ence of the analyte with reasonable statistical certainty. the mean recovered concentration expressed as percentage.
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3. Results above 0.98. Furthermore, the goodness of fit coeffi-
) cients of the calibration curves in different tissues were
3.1. Isolation of the compounds all below 10%, indicating the good quality of the cal-

Fig. 1(a)demonstrates that a blank breast muscle |br$;[1|on CUrves. 4 “withi ithin-day”
sample has no endogenous peaks that co-elute with . '¢ F€COVEry and ‘within-run or within-aay pre-
the compounds of interedtig. 1(b)demonstrates that cision of the method were determined using six ”?de'
the extraction method used in these studies effectively pendently spiked blank tissue samples at three differ-

extracts low levels of levamisole and methyllevamisole ent spiked levels: at the tolerance level (@dlg), at
from spiked breast muscle tissues. half the tolerance level (0.Q5g/g) and at double the

tolerance level (0.2g/g) in tissues and at 10, 5, 1,
3.2. Method validation 0.5, and 0.}wg/ml in plasma. The calculated concen-
trations were calculated according to the linear regres-
The results of the linearity evaluation are summa- sion equation iffable 1 The results are summarized
rized in Table 1 The correlation coefficients of the in Table 2 The precision R.S.D. (%) for all matrices
calibration curves in the various matrices were at or was below two-thirds of the maximum R.S.D. values.

Table 2
Results of the recovery and the within-day precision evaluation of the validation samples for levamisole in chicken liver, breast muscle,
thigh muscle, fat, skin plus fat, egg and plasma

Tissue Concentratién  Mean concentratich  R.S.Dpmax (%)° R.S.D. (%) within-day precisich ~ Recovery (%)
Liver 0.05 0.044 25.11 4.63 86.00
0.1 0.092 22.63 4.32 91.30
0.2 0.180 20.39 1.81 89.00
Breast muscle 0.05 0.055 25.11 16.1 109.1
0.1 0.100 22.63 9.81 100.1
0.2 0.189 20.39 3.55 94.20
Thigh muscle 0.05 0.043 25.11 6.91 84.00
0.1 0.089 22.63 2.49 88.00
0.2 0.194 20.39 0.80 96.9
Fat 0.05 0.042 25.11 3.82 81.00
0.1 0.110 22.63 5.61 109.0
0.2 0.220 20.39 2.15 109.0
Skin plus fat 0.05 0.049 25.11 3.45 98.90
0.1 0.098 22.63 1.40 97.60
0.2 0.196 20.39 2.48 98.00
Egg 0.05 0.053 25.11 16.2 105.7
0.1 0.095 22.63 14.1 94.70
0.2 0.207 20.39 11.1 103.4
Plasma 0.1 0.114 22.63 7.83 110.0
0.5 0.490 17.75 2.59 99.00
1 1.010 16.00 3.04 100.9
5 4.670 12.55 1.96 93.00
10 9.720 11.31 2.79 97.1

a Concentration {g/g or pg/ml) resulted from spiking blank tissue and plasma samples with levamisete4].

b Mean concentrationp(g/g or pg/ml) calculated with HPLC—-UV detection method £ 4).

¢ R.S.Dpmax is calculated by using the equation.@D.max = 21-051099)) "with ¢ being the spiked concentration of levamisole.

d R.S.D. (%) is the ratio of standard deviation of the mean calculated concentration to the mean calculated concentration in percentage
[R.S.D. = (S.D./concentration x 100].

€ Recovery (%)= (calculated concentration/spiked concentratien}00.
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Table 3
Results of between-days precision evaluation of levamisole in chicken liver, breast muscle, thigh muscle, fat, skin plus fat, egg and plasma
Tissue Concentratién Mean concentratich R.S.Dmax (%)° R.S.D. (%) Recovery (%
between-day
precisiod
Liver 0.10 0.090 22.63 6.24 89.00
Breast muscle 0.10 0.097 22.63 8.61 98.90
Thigh muscle 0.10 0.091 22.63 3.22 90.10
Fat 0.10 0.111 22.63 471 109.9
Skin + fat 0.10 0.105 22.63 9.18 104.8
Egg 0.10 0.100 22.63 134 100.3
Plasma 1.00 1.055 16.00 6.24 105.2

a Concentration (g/g or ng/ml) resulted from spiking blank tissue and plasma samples with levamiscie4].

b Mean concentrationp@/g or pg/ml) calculated with HPLC-UV detection method £ 4).

¢ R.S.Dpmax is calculated by using the equation.§D.max = 2(2-051099)) with ¢ being the spiked concentration of levamisole.

d R.S.D. (%) is the ratio of standard deviation of the mean calculated concentration to the mean calculated concentration in percent
[R.S.D. = (S.D./concentration x 100].

€ Recovery (%)= (calculated concentration/spiked concentratien}00.

The between-day precision was determined using with  HPLC-UV, they resulted in co-elution of
independently spiked blank tissue samples at the levamisole—methyllevamisole with endogenous peaks.
tolerance level, and analyzed on different days. and This problem was resolved by changing the column
precision (R.S.D. (%)) did not exceed two-thirds of to a Luna Gg reversed phase column (Phenomenex)
R.S.Dmax (Table 3. which has a large column efficiency for basic com-

The LOQ was established by analysing six blank pounds (Comparison Guide to;§Reversed Phase
tissue samples which were spiked at one-fourth of HPLC Columns, MacMod Analytical Inc., Chadds
the tolerance level for levamisole (0.028/g) at Ford, PA, USA). Levamisole is a basic compound
liver, breast muscle, thigh muscle, fat, skin plus [19]. The mobile phase described by Garet al.
fat and egg. The LOQ for plasma was established [7] was modified by decreasing the 0.2% acetic
by analysing six blank plasma samples which were acid in water:methanol ratio from 75:25 to 50:50
spiked at 0.003.g/ml. The tissue and plasma samples (v:v) and increasing the pH from 4 to 7.31. These
had a recovery (%) between 81 and 110% and R.S.D. changes resulted in a short retention time for the
values of 9.65-11.98%, that fall within the limit of endogenous peaks and a longer retention time for
R.S.Dmax value (27.87). The plasma samples had a levamisole—methyllevamisole. As the levamisole free
recovery of 104% and R.S.D. value of 17% that falls base is adsorbed onto glass from solvej28,21],
within the limit of R.S.Dgax value (35.5). therefore, polypropylene laboratory supplies were

The LOD was determined using the slope of the used for this work.
calibration curve and the residual standard deviation
and taking into account the internal standard concen-
tration. The calculated LOD value was 0.004/g for
both tissues and plasma.

5. Conclusion

The method described in this study is rapid, simple,
sensitive and specific. Up to 30 tissue samples or 50
4. Discussion plasma samples can be analyzed in a day. The assay
will be particularly useful for laboratories that depend
When methods developed for HPLC with APCI heavily on HPLC-UV methods for analysis of drugs
mass spectrometry{15] or gas chromatography in tissues. It can be successfully used for residue de-
[12] were used to measure levamisole in tissues pletion studies of levamisole in animal tissues.
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