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Simple, rapid, and sensitive spectroscopic methods have been proposed to determine the antifungal
drug mebendazole. These methods adapted the reduction of ferric into ferrous in a 1,10 phenanthroline—iron
complex in an acidic medium giving an orange—red ferroin complex. In the first method, the spectrofluori-
metric assay was based on mebendazole quenching for the fluorescence of ferric—phenanthroline complex at
pH 3.7. The fluorescence difference was quantitated at 409 nm after excitation at 254 nm. The second meth-
od involved the spectrophotometric measurement of the formed complex at 510 nm. A linear correlation was
found over the concentrations 3.0-17.0 and 5.0-20.0 ug/mL respectively for methods I and II. The correla-
tion coefficient (r) of the two methods is 0.9998. The two methods were successfully utilized for mebendazole
determination in tablets. The mechanism of the reaction pathway is represented. Statistical comparison re-
vealed no significant differences between the findings achieved by the proposed and comparison methods.
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Ilpeonooicenvt npocmule, bvicmpule U uyscmeumenvHvle CHeKmMpOCKOnUYecKue mMemoosbl onpeoeienus
npomugocpubrosozo npenapama mebenoazona. Memoovl 0cHO8aNbI HA 80CCMAHOBNEHUU MPEXEANEHMHO20
Jiceneza 00 08YX8ANeHMHO20 8 Komniexce 1,10-gpenanmponun—oicene3o 6 Kucioi cpede ¢ 00pazosamuem
OPAaHIHCEB0-KPACHO20 (heppounosoeo Komniekca. B memooe I cnexmpoghnyopumempuyeckuii ananusz ocHo-
6aH HA MYuwileHUU MebeHOA3010M ryopecyeHyuu Komniekca xcenesa ¢ gpenanmpoaurnom npu pH 3.7.
Pasnuyy ¢ryopecyenyuu onpedensnu xoruvecmeenno Ha A = 409 um nocie 8030ysicoenus na 254 Hm.
Memoo Il 6a3upyemcs Ha CcnekmpopomomMempuieckom usMepeHuy no2ioujenus oopazoeasuiecocs
xomnnexca npu 510 Hm. Jluneiinas xoppenayus obHapysiceHa 6 Ouanazouax Kouyenmpayuti 3.0—17.0 u
5.0-20.0 mxe/mn ons memooog I u Il ¢ koappuyuenmom xoppensyuu (r) 0.9998. Memoowt ycnewrno npume-
HeHbvl 0151 onpeodenerus mebenoasona 6 mabnemkax. Ilpedcmagnen mexanuzm nymu peaxyuu. Ilpu cpashe-
HUU pe3yibmamos, NOAYYEeHHbIX C NOMOWbIO NPEONONCEHHbIX U UCHONb30BAHHBIX paHee Memooos, cyuje-
CMBEHHBIX PA3TUYULL He 0OHAPYIHCEHO.

Knrwouesvle cnosa: cnexmpoghryopumempuyeckuii anaius, cnekmpogomomempuieckoe usmepeHue,
MebeHOa30, KOMNIEKC JHcene30—peHaHmpoIuH.

Introduction. Mebendazole, named chemically Methyl-5-benzoyl-2-benzimidazole carbamate [1], is a
benzimidazole derivative. It interacts with P-tubulin, a eukaryotic cytoskeletal protein, inhibiting its
polymerization into microtubules and hampering the cell motility and the intracellular transport of cytoplas-

“Full text is published in JAS V. 89, No. 2 (http://springer.com/journal/10812) and in electronic version of ZhPS
V. 89, No. 2 (http://www.elibrary.ru/title_about.asp?id=7318; sales@elibrary.ru).
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mic particles among other important biochemical functions [2]. Mebendazole was determined by different
analytical methods including spectrophotometric [3, 4], spectrofluorimetric [5], and HPLC [6-9]. Five an-
thelmintic drugs including mebendazole were determined using capillary electrophoresis, with diode array
detection [10]:
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1,10-Phenanthroline

Ferrin complex

is one of the effective chelating reagents for some metal ions. It has been used for the spectrophotometric de-
termination of ruthenium, sertraline, tocopherols, and captopril [11-14]. A 1,10-phenanthroline-terbium
probe was used for the spectrofluorimetric estimation of folic acid in pharmaceutical formulations and bio-
logical fluids [15]. 1,10-Phenanthroline was used for the simultaneous determination of tofisopam using
spectrophotometric and spectrofluorimetric methods [16]. The reported HPLC method dependent on using
tris(1,10-phenanthroline)ruthenium(Il) chemiluminescence for the determination of oxalic acid was carried
out [17]. We aimed to investigate this reagent for developing simple and selective spectroscopic methods of
mebendazole quantitation in its pure form and in different formulations.

Experimental. A Cary Eclipse fluorescence spectrophotometer equipped with a Xenon flash lamp from
Agilent Technologies was used. The voltage was 800 V, with a slit width of 5 nm. The wavelengths of exci-
tation and emission were 254 and 409 nm respectively. All figures were obtained with a smoothing factor of
20. A Shimadzu UV-Visible recording spectrophotometer (P/N 206-67001) was used. Recording range was
0-1.0, Amax = 510 nm.

Materials and methods. Distilled water was used throughout the study. Mebendazole was provided from
Alexandria Company for Pharmaceuticals and Chemical Industries. Antiver® tablets containing 100 mg of
mebendazole/tablet were purchased from a local pharmacy. They are a product of Alexandria Co. for Phar-
maceuticals & Chemical Industries. 1,10-phenanthroline-Fe(IIT) mixture was prepared by dissolving 0.5 g of
1,10-phenanthroline monohydrate and 0.4 g ammonium ferric sulfate in 5 mL of 1 M hydrochloric acid, then
diluted to 250 mL with water. The stability of the solution was constant for up to 2 weeks if stored in a re-
frigerator [16]. The chemicals used for buffer preparation were bought from El-Nasr Pharmaceutical Chemi-
cals Company (ADWIC) (Cairo, Egypt), and the surfactants were bought from ADWIC. (Cairo, Egypt).
The organic solvents (spectroscopy grade) were bought from Sigma-Aldrich (Taufkirchen, Germany).

Preparation of standard solutions, buffers, and surfactants. Mebendazole is practically insoluble in wa-
ter, ethanol, ether, or chloroform but soluble in formic acid [1]. A stock solution containing 100 pg/mL
mebendazole was prepared by dissolving 10.0 mg in 5 mL of formic acid and completed to 100 mL with dis-
tilled water. 0.4 M acetate buffer solution was prepared using 0.4 M sodium acetate and 0.4 M acetic acid
(with the pH ranging from 3.5 to 5.0).

General procedure. In a series of 10-mL volumetric flasks; 1 mL of the ferric—phenanthroline complex
was added to aliquots of mebendazole so that it finely matched the concentration range 3—17 pg/mL. The so-
lutions were mixed well, and 1 mL of 0.4 M acetate buffer (pH 3.7) was added. The solutions were diluted
with distilled water to the mark, put in a boiling water bath for 30 min, and cooled. The fluorescence intensi-
ty was then measured at (Aex = 254 nm, Aem = 409 nm), and the blank was measured simultaneously. The cal-
ibration curve was constructed relating the fluorescence intensity difference (between blank and experiments)
at Aem = 409 nm to the corresponding concentrations of mebendazole, and the regression equation was de-
rived. The same procedure was carried out for the spectrophotometric method by adding 1.2 mL of the fer-
ric-phenanthroline complex. The working concentration range was 5-20 pg/mL, and the absorbance was
measured at 510 nm. The absorbance was graphed against the final concentration in pg/mL to construct the
calibration curve, and the regression equation was derived.

Ten Antiver® tablets were weighed, grinded, and mixed well. A weight of the powder equivalent to
10.0 mg of the drug was taken accurately into a 100-mL volumetric flask, followed by the addition of 5 mL
of formic acid to the powder, and mixed well. The solution was then sonicated for 30 min and completed
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with distilled water. The working solution containing the required drug concentration was obtained by fur-
ther dilution of the filtrate. The methods were followed as detailed under “General procedure” considering
the calibration range for each method. The tablet content was then calculated either from the calibration
curves or from the corresponding regression equations.

Results and discussion. Fluorescence quenching (AF) is the decrease in the fluorescence intensity due
to different mechanisms such as molecular rearrangements, energy transfer, collision quenching, and elec-
tron transfer. Molecular contact between the fluorophore and the quencher should take place [18]. It is found
that in proposed method I the fluorescence of the ferric—phenanthroline complex is decreased owing to the
formation of a nonfluorescent complex with mebendazole at pH 3.7. The complex formation is due to the re-
duction of ferric into ferrous in the presence of 1,10-phenanthroline in an acidic medium to give an orange
red-colored ferroin complex [16]. Accordingly, the quenching was quantitively measured at an excitation
wavelength of 254 nm and an emission wavelength of 406 nm (Fig. 1). In method II, the orange—red com-
plex was measured at 510 nm spectrophotometrically as in Fig. 2. The proposed methods were carried out to
match with the green concept as much possible.
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Fig. 1. Excitation and emission spectra induced by the reaction of the studied drugs

with the 1,10-phenanthroline—iron complex: (a, a") blank 1,10-phenanthroline—iron complex in acetate
buffer pH 3.7, (b, b") reaction product of mebendazole with the 1,10-phenanthroline—iron complex.
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Fig. 2. Absorption spectra of a) mebendazole in an aqueous solution of 5x107°% formic acid, b) blank solu-
tion of an 1,10-phenanthroline—iron complex in acetate buffer at pH 3.7, ¢) absorption spectrum of the reac-
tion of mebendazole with an 1,10-phenanthroline—iron complex and acetate buffer at pH 3.7.

Optimization of the experimental conditions. The experimental parameters that affect complex for-
mation and stability were carefully investigated and optimized, namely the pH, type and volume of buffer,
phenanthroline volume, and heating time. The optimal conditions that resulted in the highest AF and 4 val-
ues were 1 or 1.2 mL of ferric—phenanthroline in the spectrofluorimetric and the spectrophotometric methods
respectively, 1 mL of 0.4 M acetate buffer (pH 3.7). The solutions were put in a boiling water bath for
30 min. The pH of the acetate buffer was varied and studied using the spectrofluorimetric method over the
pH range 3.6-5.5 (Fig. 3a).
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Fig. 3. Effect of (a) pH and (b) volume of 0.4 M acetate buffer on the fluorescence intensity
of mebendazole (10 ng/mL) with the 1,10-phenanthroline—iron complex.

The optimal pH that resulted in the highest AF was 3.7 and increasing the pH above a certain limit
caused precipitation of oxides [11]. The optimal AF was achieved by using 1+0.2 mL of acetate buffer pH
3.7 through this study. Increasing volumes of buffer did not cause any significant increase in AF (Fig. 3b).
By studying different reagent volumes, it was found that 1 and 1.2 mL of 1,10-phenanthroline was enough to
produce good stable results for the spectrofluorimetric and spectrophotometric methods respectively (Fig. 4).

It was found that the color reaction is accelerated at elevated temperatures [11]. Different temperatures
were tried from 40 to 100°C using a thermostatic water bath for different time periods where the maximum
color intensity was obtained by heating in a boiling water bath for 30-35 min (Fig. 5). Therefore, heating in
a boiling water bath for 30 min was optimal.
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Fig. 4. Effect of volume of 1,10 phenanthroline—iron on the (a) fluorescence and (b) absorbance intensity
of mebendazole (10 ug/mL) with the 1,10-phenanthroline—iron complex.
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Fig. 5. Effect of heating time on the absorbance intensity of mebendazole (10 pg/mL)
with the 1,10-phenanthroline—iron complex.

Analytical performance. A linear response between the quenching of the fluorescence (AF) or the ab-
sorbance and the drug concentration was obtained over the ranges cited in Table 1. Figure 6 illustrates in-
creasing concentrations of mebendazole that react with 1,10-ferric—phenanthroline causing quenching. Line-
ar regression analysis of the data resulted in the following equations: AF =38.556C — 19.785 (r = 0.9998) for
the spectrofluorometric method; 4 = 0.0217C + 0.1122 (» = 0.9998) for the spectrophotometric method,
where C is the concentration of the drug (ug/mL) and  is the correlation coefficient.
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Fig. 6. Emission spectra of the 1,10-phenanthroline—iron complex at 409 nm where (a) is blank
of the 1,10-phenanthroline—iron complex, (b—g) reaction products of different concentrations

of mebendazole (3—17 pug/ mL) with the 1,10-phenanthroline—iron complex.

TABLE 1. Performance Data of Mebendazole by the Proposed Methods

Parameter Spectrofluorometric method | Spectrophotometric method
Concentration range, pg/mL 3.0-17.0 5.0-20.0
LOD, pg/mL 0.40 0.025
LOQ, pg/mL 1.19 0.75
Correlation coefficient (r) 0.9998 0.9999
Slope 38.55 0.022
Intercept —19.78 0.11
Syix 5.32 0.002
Sa 4.60 0.002
Sh 0.43 0.0001
% Error 0.54 0.23
%RSD 1.33 0.56
No. of Experiments 6 6
Mean found, % 99.93 99.85
+SD 1.33 0.56

Linear regression analysis of the data is represented in Table 1. The limits of quantitation (LOQ) and
limits of detection (LOD) calculated regarding the ICH Q2 Recommendation [19] were 1.19, 1.37 ug/mL
and 0.394, 0.45 pg/mL for methods I and II, respectively.

The proposed methods were evaluated with regard to accuracy and precision using the percentage rela-
tive error and percentage standard deviation respectively (Tables 2 and 3). The values of the standard devia-
tion of the residual (S,.), standard deviation of the intercept (S,), and standard deviation of the slope (S3)
point to the low scattering of the points around the calibration graphs (Table 1).

The repeatability and intermediate precision were evaluated using three concentrations of the drug in
pure form at three successive times and on three successive days, as abridged in Table 2.

The results obtained were compared with a reported UV spectrophotometric method for the quantitative
determination of mebendazole [4] where the solution of mebendazole in methanol was measured at 246.6 nm.
Statistical analysis [20] of the results by a Student's # test and variance ratio F test, showed no significant dif-
ference between the performance of the proposed and the comparison methods considering accuracy and
precision respectively (Table 3).

The proposed methods offered a wider range, a green solvent as the diluting solvent was distilled water,
available reagent, and a higher correlation coefficient in comparison with the reported method. The investi-
gation of the robustness of the method revealed the constancy of AF demonstrated with the slight changes in
the experimental parameters such as pH 3.8+0.2 and change in the volume of phenanthroline 1.0+0.2 mL.
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TABLE 2. Precision Data of the Proposed Methods for the Determination of Mebendazole in Pure Form

Sample Spectrofluorometric method Spectrophotometric method
concentration %found %found (intermediate Y%found %found (intermediate
(repeatability) ? precision) ° (repeatability) precision)
5.0 pg/mL 99.8 100.00 100.50 102.00
99.9 100.10 102.00 99.60
100.1 99.90 100.00 100.20
X' 99.93 100.00 100.83 100.60
+SD 0.15 0.10 1.04 1.25
%RSD 0.15 0.10 1.04 1.25
% Error 0.09 0.06 0.60 0.72
10.0 pg/mL 99.90 100.10 100.30 100.30
99.70 100.30 101.00 99.20
100.30 99.60 98.20 100.10
X' 99.97 100.00 99.83 99.87
+SD 0.31 0.36 1.46 0.59
%RSD 0.31 0.36 1.46 0.59
% Error 0.18 0.21 0.84 0.34
15.0 pg/mL 100.00 100.3 102.00 98.90
99.76 100.1 100.50 100.00
100.20 99.3 100.20 101.00
X' 99.96 99.90 100.90 99.97
+SD 0.27 0.53 0.96 1.05
%RSD 0.27 0.53 0.96 1.05
%Error 0.16 0.31 0.55 0.61

 Repeatability refers to the use of the analytical procedure within a laboratory over a short time period using
the same analyst with the same equipment.

® Intermediate precision (also known as ruggedness) expresses within-laboratory variation, as on different

days, or with different analysts or equipment in the same laboratory.

TABLE 3. Application of the Proposed and Comparison Methods for the Determination

of Mebendazole in Pure Form and Commercial Tablets

Spectrofluorometric method | Spectrophotometric method | Comparison method [4]
Compound Conc. taken, %found * Conc. taken, %found Conc. taken,| %found
pg/mL pg/mL pug/mL
Mebendazole 3.0 98.37 5.0 100.00 3.0 98.73
(pure form) 5.0 101.56 7.0 98.70 5.0 100
7.0 100.33 10.0 99.09 7.0 98.93
10.0 98.78 12.0 98.48
15.0 101.29 15.0 99.70
17.0 99.29 20.0 98.87
X +SD 99.93+1.33 99.85+0.56 99.22+0.68
Student's # test 0.87 (2.365) 1.22 (2.365)
Variance ratio F test 1.34 (19.3) 1.47 (5.786)
Antiver tablets 5.0 100.84 5.0 100 5.0 100.36
10.0 99.15 10.0 101.43 7.0 98.47
15.0 100.28 15.0 100 10.0 99.82
X +£SD 100.09+0.86 100.48+0.83 99.55+0.97
Student's # test 0.3 (2.776) 1.21 (2.776)
Variance ratio F test 7.22(19.0) 1.37 (19.0)

N o t e. Values between parentheses are the tabulated ¢ and F values respectively at p = 0.05 [21].
" Each result is the average of three estimations.




ABSTRACTS ENGLISH-LANGUAGE ARTICLES 293

Stoichiometry of the reaction. A limiting logarithmic method was adopted to conclude the reaction
mechanism [21]. The absorbance of the reaction product was measured using increasing concentrations of
either the reagent or mebendazole. Plots of log [drug] vs log 4 and log [ferric] vs log A were constructed; the
values of the slopes were 0.63:0.62 for mebendazole:reagent (Fig. 7).
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Fig. 7. Stoichiometry of the reaction between mebendazole and the 1,10-phenanthroline—iron complex
mixture adopting the limiting logarithmic method, (a) log [4] vs log A4, (b) log [ferric] vs log 4,
slope (a) 0.62 and (b) 0.63.

The reaction is mainly based on the reduction of Fe(Ill) to Fe(Il) by mebendazole, then complex for-

mation with 1,10-phenanthroline to give the orange—red-colored ferroin complex in acidic pH [16]. Conse-
quently, an equation for the proposed reaction is represented in the following scheme:
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Conclusions. This study describes two sensitive effective methods for the estimation of mebendazole.
The methods were based on the reduction of ferric into ferrous in a 1,10-phenanthroline—iron complex in an
acidic medium giving an orange-red ferroin complex. The proposed methods are simple, rapid, and inexpen-
sive as we used water as the diluting solvent.
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