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Summary 

A procedure for determining the anthelmintic drug meben- 
dazole in plasma of patients is described. Mebendazole 
together with the internal standard ciclobendazole is extracted 
with chloroform at pH 11. The extract is analyzed isocratically 
on a LiChrosorb SI 60 column with a mobile phase consisting 
of acetonitrile / water-saturated chloroform / ammonia 
(75/92.5/0.1) at 307 nm. Reproducibility with a coefficient of 
variation of 3 to 10% is attainable for the concentration range 
of 20 to 200 ng mebendazole / ml plasma. Mebendazole plasma 
concentrations in patients with echinococcosis on chronic 
therapy with mebendazole ranged from 6 to 11 7 ng/ml. 

Introduction 
The efficacy of mebendazole (5-benzoyl-2-methoxycar- 
bonylamino-benzimidazole, Figure 1) in the treatment of 
experimental Echinococcus cysticus [l] and of Echino- 
coccus alveolaris [2,3] in mice has been reported. 
Recently mebendazole has also been used for the treat- 
ment of hepatic hydatid disease in man [4]. 

Only little is known about the concentration of orally 
administered mebendazole in plasma of man and labora- 
tory animals. Therefore, a method for its determination by 
HPLC has been developed. Because of poor absorption 
of (the almost water-insoluble) mebendazole from the 
gastrointestinal tract, the sensitivity of the assay had to be 
in the range of 10 to 100 ng/ml plasma. 

Materials and Methods 

Apparatus 

Analysis was performed with a high pressure liquid chroma- 
tograph Waters Model M 6000A equipped with an auto- 
matic sample injection system Waters Model 710 WISP, 
a variable-wavelength spectrophotometer Perkin-Elmer 
Model LC55 and a recorder W + W Model 1100. Columns 
were packed with a pneumatic Haskel pump model 
MCP-110. A Gerhardt shaking apparatus, model LS20, was 
used. 

Reagents 

All reagents were of analytical grade. Chloroform (UV 
grade) and LiChrosorb SI 60 5 pm were obtained from 
E. Merck AG, Darmstadt, Fed. Rep. Ger. Acetonitrile 
(analytical grade) was purchased from Fluka AG, Buchs SG, 
Switzerland and further purified by column chromato- 
graphy (mixed bed of acid and alkaline aluminium oxide). 
Mebendazole and ciclobendazole were a gift of Cilag AG, 
Schaffhausen, Switzerland. 

Mobile phase 

500 ml chloroform and 10 ml distilled water were mixed 
during 15 min with a magnetic stirrer and simultaneously 
degassed under reduced pressure. The water phase was 
discarded in a separation funnel. The solvent system used 
for analysis was composed of acetonitrile / water-saturated 
chloroform / 25% (weight/volume) ammonia in water 
(75/92.5/0.1, by volume) and had a pH between 6 and 7. 
All solvents were filtered through Millipore FHLP before 
mixing. 

H 0 
@-NH-C-O-CH~ II 

R-C- N 

Mebendazole R =  0- 
Ciclobendazole R = D- 
(internal standard) 

Figure 1 

Structural formulas of mebendazole (5-benzoyl-2-methoxycarbonyl- 
amino-benzimidazole) and of ciclobendazole (5-cyclopropylcarbonyl-2- 
methoxycarbon ylarnino-benzimidazole). 
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Column 

3.5 g LiChrosorb SI 60 5 pm were suspended in 125 ml 
methanol and separated in three fractions (4 ml each) by 
sedimentation. The second fraction was suspended in 10 ml 
methanol. The slurry was filled in a column (25 cm x 3 mm) 
and packed at 400 atm with 70 ml hexane and a pneumatic 
Haskel pump. Before each run, the column was equi- 
librated during 6 h at 1 ml/min with the slightly acid (pH 3-4) 
solvent system acetonitrile / water-saturated chloroform / 
formic acid (75/92.5/0.25, by volume). 

Drug standard solutions 

100 mg mebendazole and 0.4 ml formic acid were dissolved 
in 50 ml chloroform. 0.2 ml of this solution was further 
diluted to 100 ml with chloroform (4 pg/ml). 

1 mg ciclobendazole (internal standard) was dissolved in 
50 ml chloroform (20 pg/ml). 

Table 1 

Chromatographic Conditions 

Column 25 cm x 3 mm (i. d.) 
LiChrosorb SI 60 5 pm 

Mobile phase Acetonitrile / water-saturated 
chloroform /25% (weight/volume) 
ammonia in water (75/92.5/0.1, 
by volume), pH 6.5 

Flow rate 0.8 m h i n  

Pressure 400 psi 

Column temperature ambient 

Detector wavelength 307 nm 

Recorder 5 mV (0.02 absorption units 
full scale) 

IST 

8 4 

10 5 0 
min 

Figure 2 

Chromatogram of a standard mixture containing rnebendazole (M, 30ng 
per injectlon) and the internal standard ciclobendazole (IST, 75 ng per 
injection). 

Procedure 

Ciclobendazole as internal standard (1 00 ng in 5 pl chloro- 
form), 2 ml of patient plasma, 8 ml of sodium carbonate 
buffer (0.05 M, pH 11.3) and 10 ml of chloroform were 
shaken in a glass tube for 15 min. After centrifugation the 
aqueous phase was aspirated and the solvent evaporated 
under reduced pressure. The residue was dissolved in 
200 pl mobile phase, and 150 pl were injected. Table 1 
gives the chromatographic conditions. The order in which 
the compounds emerge from the column is shown in 
Figure 2. 

Calibration 

For calibration 40, 80, 200 or 400 ng of mebendazole in 
chloroform were placed into glass tubes. To each were 
added 100 ng of ciclobendazole (internal standard), 2 ml of 
normal human plasma, 8 ml of sodium carbonate buffer 
(0.05 M, pH 1 1.3) and 10 ml of chloroform. Extraction and 
analysis were performed as described above. 

Results and Discussion 
With a single extraction step from an alkalinized plasma 
or serum sample, followed by high performance liquid 
chromatography (Table I ) ,  it has become possible to 
obtain linear calibration curves between 20 and 200 nglml 
(Fig. 3) with a reasonable reproducibility (Table 2). This 
result could be achieved mainly because of internal 
standardization with a chemically similar drug and of 
photometric detection at 307 nm. An earlier method 
described by Wynants et a/. required 3 extraction steps 
and had no internal standard [5]. 

Recoveries of mebendazole and ciclobendazole were 
similar, varying between 70 and 83% (Table 3). Preparation 
of puresolventsforchromatography proved to beessential. 
Equilibration of the column at pH 3 to 4followed by chroma- 
tography with a mobile phase at pH 6 to 7 extended the 
life span of the LiChrosorb SI 60 column in comparison 
to a chromatography at pH 3 to 4. Separation of benzimi- 
dazole anthelmintics (standard solutions) has also been 
achieved on LiChrosorb RP8 and on LiChrosorb NH2 by 
Mourot et a/. 161. Detection at 307 nm corresponds to a 
second absorbance maximum of mebendazole and was 
associated with much less interference by other com- 
pounds extracted from plasma than detection at 247 nm 
[5]. The simple use of peak height ratios (mebendazole 
to internal standard) was sufficient, because calibration 
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Table 2 

Reproducibility of Mebendazole Determination 

Number of M ebendazole Coefficient of 
determinations concentration in plasma variation 
(n) (ng/ml) (YO) 

within-day analysidb) 10 190.3 k 6.3 3.3 

- 
within-day analysidb) 10 20.8 k 1.1 (a) 5.1 

day-to-day analysidc) 7 24.3 k 2.6 10.3 

(a) mean f standard deviation 
(b) in spiked normal human plasma 
(c) in plasma of a healthy volunteer after ingestion of 1.5 g mebendazole 

curves practically went through the origin and were linear 
up to 200 ng/ml (Fig. 3, 4). Reproducibility studies on the 
same day gave a coefficient of variation of 3.3 and 5.1% 
and on different days of 10.3% (Table 3). 

Since ciclobendazole also is an anthelmintic drug it is 
obvious that the method could be adapted to determine 
its plasma concentrations using mebendazole as internal 
standard. 

Analysing plasma from patients on chronic treatment with 
mebendazole for echinococcosis (Figure 5), values 
between 6 and 117 nglml were found (Fig. 6). Since good 
therapeutic results are likely to require adequate (effect- 
ive but nontoxic) tissue and plasma concentrations, the 
method may become essential for rational mebendazole 
therapy [7]. 

5.0 1 

o y ,  , 1 r 

0 20 40 I00 200 
nq mebendatole /ml  plasma 

Figure 3 

Peak height ratio vs. concentration: calibration curve for mebendazole. 
Ciclobendazole was used as internal standard (50 ng/ml plasma). 
Each point represents the mean _+ SD of ratios from five different 
samples assayed on different days. 
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Figure 4 

Chromatograms of mebendazole (M) and of the internal standard 
ciclobendazole (IST) extracted with chloroform from 2 ml spiked normal 
human plasma containing: 
A: no mebendazole; ciclobendazole50ng/ml. 
B: mebendarole 20 ng/ml; ciclobendazole50ng/ml. 

Table 3 
~ 

Recovery of Mebendazole and Ciclobendazole 
(Internal Standard) 
Extracted from Spiked Normal Human Plasma 

Compound added Amount added to Percentage 
2 ml of plasma recovered 
(ngY (70) 

mebendazole 40 
mebendazole 400 
ciclobendazole 100 

80(a) (79-83)(b) 

73 (70-78) 

75 (72-77) 

(a) mean of 5 determinations 
(b) range 
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Figure 5 

Chromatogram of a chloroform extract of 2 ml plasma from a patient 
with echinocaccosis treated with mebendazole (M). Ciclobendazole 
(IST) was used as internal standard (50 ng/ml plasma). 
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