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A selective, accurate, and precise stability-indicating HPLC method for analysis of levamisole hydrochloride in bulk and in their
injection and oral solution formulations has been developed and validated in accordance with ICH guidelines. &e chro-
matographic separation was carried out on a C8 column (250× 4.6mm with a particle size of 5 micrometer) using a mixture of
phosphate buffer pH 8.0 and acetonitrile (70 : 30 v/v) as the mobile phase pumped at a flow rate of 1.5ml/min with UV detection at
215 nm. &e calibration curve was linear over the 10–50 μg/ml concentration range with a correlation coefficient of 1.0000. &e
limit of detection (LOD) and the limit of quantitation (LOQ) were 0.29 μg/ml and 0.89 μg/ml, respectively. &e accuracy and the
precision of the developed method were significantly good (RSD< 2%). &e validity of the proposed method was further
confirmed through the statistical comparison of the obtained data with those of the official method.

1. Introduction

Levamisole hydrochloride (Figure 1) has anthelmintic and
immunomodulating activities. Due to the risk of serious side
effects and the availability of more effective replacement
medications, now it is used only in veterinary medicine [1, 2].

&e official method for the determination of levamisole
in both injection and oral solution dosage forms, according
to the British Pharmacopeia (BP), is based on nonaqueous
titration after liquid/liquid extraction of the drug as a base
[3], while in the United States Pharmacopeia (USP), the
determination of levamisole in the tablet dosage form is
carried out by reversed-phase high-performance liquid
chromatography (RPHPLC) using the gradient elution
mode [4]. Literature review revealed that other analytical
methods were also used for the determination of levamisole
in different dosage forms, including direct spectropho-
tometry at 215 nm [5], spectrophotometry after ion-pair
extraction [6, 7], reversed-phase liquid chromatography

[8, 9], thin-layer chromatography [10], and high-perfor-
mance thin-layer chromatography [11]. Various chro-
matographic methods for its determination in animal and
human biological fluids were also reported [12–17].

In this study, we are reporting a simple, cost-effective,
accurate, and precise stability-indicating high-performance
liquid chromatographic method for the determination of
levamisole in the presence of its degradation products.

2. Materials and Methods

2.1. Instruments and Apparatus. &e experiments were
performed on a Shimadzu Prominence HPLC system
consisted of the following: degasser (Model DGU-20A5),
pump (Model LC-20AD), Rheodyne manual injector fitted
with 20 μl loop, and variable wavelength UV-VIS detector
(ModelSPD-20A). &e chromatographic separations were
carried out on Intersustain® (C8, 5 μm particle size,
250mm× 4.6mm ID) fromGL Sciences Inc., Japan. UV/VIS
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scanning of wavelength was carried using a Shimadzu UV-
1800 240V spectrophotometer.

2.2. Chemicals and Reagents. Levamisole hydrochloride
working standard (100.73%) was kindly provided by Na-
tional Medicines Quality Control Laboratory (NMQCL),
Sudan. &e following commercial product injections and
oral solutions were purchased from the local market: leozide
oral solution labelled to contain 2.5% w/v levamisole hy-
drochloride (manufactured by PDH, Pakistan), levamisole
hydrochloride 10% w/v injection (manufactured by Bash
Pharma, Sudan), and Levapan injection labelled to contain
10% w/v levamisole hydrochloride (manufactured by
Pharma Swede, Egypt).

Potassium dihydrogen phosphate, potassium hydroxide
pellets, phosphoric acid (analytical grade), methanol (HPLC
grade), and acetonitrile (HPLC grade) were purchased from
Scharlau, Spain. Laboratory-produced distilled water was
used as a diluent throughout this work.

2.3. Potassium Phosphate Buffer Solution 0.05M, pH 8.0.
&e buffer was prepared by dissolving 6.8 g of potassium
dihydrogen phosphate anhydrous in about 500ml of dis-
tilled water, the volume was then completed to 1000ml with
distilled water, and the pH was adjusted using 85% phos-
phoric acid and/or 5M potassium hydroxide. &e solution
was then filtered through a 0.45 μm filter.

2.4. Preparation of Standards and Sample Solutions

2.4.1. Levamisole Hydrochloride Standard Stock Solution.
&e solution was prepared by initially dissolving accurately
weighed 100mg of levamisole hydrochloride in 30ml of
distilled water in a 100ml volumetric flask. &e content of
the flask was then sonicated for 10 minutes, cooled, and
adjusted to the mark using the same diluent (solution A,
1000 μg/ml).

Solution A was further diluted by transferring 15ml into
a 100ml volumetric flask, and the volume was completed to
the mark with the diluent (solution B, 150 μg/ml).

2.4.2. Linearity Standard Solution. Five-point calibration
solution was prepared by transferring aliquot volumes
(1–5ml) from solution A into five separate 100ml

volumetric flasks; the volumes of the flasks were then ad-
justed to the mark with the diluent.

2.5. Sample Preparation

2.5.1. Injection Dosage Form. An accurately pipetted volume
from the injection containing 190mg levamisole hydro-
chloride was transferred into a 250ml volumetric flask, and
the volume was completed to the mark with the diluent. 2ml
of the resultant solution was further diluted to 50ml with the
diluent (solution C, 30 μg/ml).

2.5.2. Oral Dosage Form. An accurately pipetted volume
from the oral solution containing 50mg levamisole hy-
drochloride was transferred into a 50ml volumetric flask,
and the volume was then completed to the mark with the
diluent. 3ml of the resultant solution was further diluted to
100ml with the diluent (solution D, 30 μg/ml).

2.6. Procedure

2.6.1. Method Development and Optimization. Initially,
levamisole hydrochloride standard solution (30 μg/ml) was
spectrophotometrically scanned over the range of
190–400 nm against the diluents to determine the drug’s
wavelength of maximum absorption.

Various mobile phase ratios such as 30 : 70 and 40 : 60%
v/v (acetonitrile : 0.05M phosphate buffer adjusted to pH
8.0) pumped at 1.5ml/minute flow rate using C18 were
initially experimented. A second experiment was performed
using C8 instead while maintaining the other experimental
conditions the same. A third experiment was performed
using the C8 column while changing the mobile phase
composition to 50 : 50% v/v.

&e standard containing 30 μg/ml levamisole hydro-
chloride was injected, and detection was carried out at
215 nm.

2.6.2. Method Validation

(1) Linearity. Triplicate injections 20 μl each were made from
each linearity standard solution. &e calibration curve was
obtained by plotting its average peak area against its cor-
responding concentration. &e regression analysis data
(slope, intercept, and correlation coefficient) were calcu-
lated; further, the limit of detection (LOD) and the limit of
quantitation (LOQ) were calculated from the regression
analysis data according to the following formula [18]:

LOD � 3.3
σ
S
,

LOQ � 10
σ

S44
,

(1)

where σ is the average standard deviation of the responses
obtained from the linearity determination and S is the slope
of the calibration curve.

S
N

N
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Figure 1: Chemical structure of levamisole hydrochloride.
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Solutions C and D were treated as in the calibration
graph procedure. &e content percentage was then calcu-
lated using the proportional relation between the sample
peak area and that of the standard and their corresponding
concentrations.

(2) Accuracy. To assess the accuracy of the method, recovery
studies were carried out by spiking a sample of known
concentration with the standard to 60%, 100%, and 150% of
the nominal sample concentration (n� 3). &e recovery %
was then calculated using the following equation [18]:

% recovery � Cs − Cu( /CA × 100, (2)

where Cs is the concentration of spiked samples, Cu is the
concentration of unspiked samples, and CA is the concen-
tration of the analyte added to the test sample.

(3) Precision. &e method’s intraday precision (repeat-
ability) was determined by analyzing six sample solutions
(100% of the target concentration). Each sample was in-
jected three times; the mean, standard deviation (SD), and
relative standard deviation (RSD) were calculated. To de-
termine the interday precision, the procedure was repeated
by a different analyst on a different day using a different
instrument.

(4) Robustness. Robustness was investigated by varying the
following method critical parameters: pH (±0.1), organic
solvent ratio (±1%), flow rate (±0.1ml/min), column sup-
plier (different brands), and detection wavelength (±5 nm).

(5) Specificity. &e specificity of the method was studied by
testing its ability to separate levamisole hydrochloride from
its degradation products, produced under the influence of
heat, acid, alkali, and oxidative conditions.

2.6.3. Forced Degradation Study

(1) Heating Condition. An aliquot of solution B (5ml) was
transferred into a 50ml volumetric flask, and the volume was
made up to the mark with the diluent. &e solution was then
heated in reflux at 100°C for 1 hour. After cooling, the
solution was injected into the HPLC, and the peak area was
recorded and compared to the control one.

(2) Alkaline, Acidic, and Oxidative Conditions. An aliquot of
solution B (5ml) was transferred into a 50ml volumetric
flask, 5ml of 0.5M sodium hydroxide was added, and the
volume was made up to the mark with the diluent. &en, the
solution was heated under reflux at 100°C for 5 hours. After
cooling, the solution was injected into the HPLC.

&e above procedure was repeated using 0.5M HCL
instead of NaOH and heated for 2 hours.

&e effect of oxidative conditions on levamisole hy-
drochloride was investigated by repeating the above pro-
cedure using 5ml of 30% hydrogen peroxide solution
instead of NaOH or/and HCl and heating under reflux at
100°C for 30min.

3. Results and Discussion

Although various methods were reported for determination
of levamisole hydrochloride in human and animal biological
fluids, they still have some disadvantages. &e British Phar-
macopeia method for the analysis of the levamisole oral so-
lution and injection was based on the nonaqueous titration
after extracting the active ingredient using perchloric acid as
the titrant and the toxic extracting solvent chloroform. It is
well known that the nonaqueous titrimetric method has many
drawbacks including using of large amount of sample and
reagents, requiring a greater level of operator skill than
routine instrumental methods, and nonselective and inac-
curacy due to possible interference from the related sub-
stances, impurities, and degradation products leading to false
results. In addition, using the toxic solvent chloroform can
lead to emulsion formation during the extraction step
resulting in more tedious process and error.

In regard to the USP official method, levamisole was
assayed using gradient elution in which the retention time
was 15 minutes. &e nonjustifiable gradient elution that was
applied for its determination is mainly used for complex
mixtures, samples with high interfering matrixes, or failure
to use the stability-indicating isocratic HPLC method to
resolve degradation products. In addition, the long elution
time (15 minutes) and repeated use of the alkalising com-
peting base (diisopropyl amine) can lead to harmful effect on
the column.

Based on the aforementioned points, in this study, the
chromatographic conditions were optimized to get a peak
with good system suitability parameters and reasonable
retention time, using water as the sample diluent and the
detection wavelength at 215 nm.

3.1. Method Development and Optimization. Mobile phases
with different compositions and polarities were investigated
to obtain good resolution with suitable retention time. A
mobile phase consisting of acetonitrile and ammonium
phosphate (30 : 70% v/v, pH 7.2) using methanol 60% as a
diluent with a C18 (250mm ∗ 4.6mm, 5 μm) column
resulted in an asymmetric peak with a bad baseline at 3.2
minutes (S1). Changing the diluent to water gave a better
baseline but resulted in a shouldered peak.

Buffer was then prepared using potassium dihydrogen
phosphate powder instead of ammonium phosphate, and
this eluent gave a tailed peak at 8.9 minutes (tailing factor
2.4) (S2). Increasing the buffer pH to 8 resulted in a sym-
metric peak (tailing factor� 1.3) with a long retention time
of 13.3 minutes (S3). Altering the mobile phase polarity by
increasing the acetonitrile ratio up to 40% resulted in a short
retention time at 7.5 minutes with good symmetry (S4). &e
column polarity was also altered using C8 instead of C18
which resulted in better resolution with shorter elution time
(≈6min). In addition, the method was successfully applied
for stability indication as the C8 column will resolve the
degradation products more effectively than the more hy-
drophobic column C18 which resulted in drug and degra-
dation product peaks overlapping.
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An effective elution of the analyte satisfying all the
system suitability parameters with a relatively short runtime
of ≈6 minutes and a tailing factor of 1.4 was thus obtained
with a flow rate of 1.5mL/min on a C8 column using a ratio
of 30 : 70% v/v (acetonitrile : 0.05M phosphate buffer pH
8.0) or 50 : 50% v/v (methanol : 0.05M phosphate buffer pH
8.0) (Table 1 and Figure 2). Although 50%methanol gave the
same result as 30% acetonitrile (S5), the acetonitrile con-
taining mobile phase was preferred because of its low vis-
cosity and consequent low system pressure. &e developed
method is thus superior to the BP and USP in terms of its
simplicity and cost-effectiveness considering the analysis
time and chemical consumption.

3.2. Method Validation. &e developed method was then
validated in accordance with ICH guidelines [18]. Linearity,

precision, accuracy, specificity, and robustness were studied
as method validation parameters.

3.2.1. Linearity. &e constructed curves were found to be
linear over a concentration range 10–50 μg/ml with a cor-
relation coefficient of 1.000 (S6). Table 2 summarizes the
obtained regression analysis data. &ese results indicate that
the developed method has excellent linearity. Low values of
LOD and LOQ reflect the sensitivity of the method.

3.2.2. Accuracy. Accuracy of the developed method was
determined by sample spiking at three levels (60, 100, and
150%) (Table 3). &e obtained recovery percentages were in
the range of 99.3–100.9% for injection and 98.4–100.7% for
oral dosage forms. &ese highly recovered percentages for

Table 1: System suitability parameters.

Column Eluent Retention time Peak area &eoretical plates no. Tailing factor

C8
A 6.210 1140457 11162 1.4
B 6.210 1578835 8090 1.3

C18 A 13.350 17516036 15812 1.3
m

V

150

100

50

0

0.0 1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 9.0 10.0 11.0
min

Detector A: 215nm 1140457

Figure 2: Typical chromatogram for levamisole using 30 : 70% v/v acetonitrile : 0.05M phosphate buffer pH 8.0.

Table 2: Regression analysis data for levamisole.

Parameter Eluent A
Retention time 6.210 minutes
Range 10–50 μg/ml
LOD 0.29 μg/ml
LOQ 0.89 μg/ml
Slope± SE (∗103) 53.84± 0.145
Intercept± SE (∗103) 10.3± 4.95
Correlation coefficient (r) 1.00

Table 3: Percentage recovery at three levels (60, 100, and 150%).

Dosage form
Percentage recovery (mean±RSD); n� 3

60% (18 μg/ml) 100% (30 μg/ml) 150% (45 μg/ml)
Injection (100.3± 0.63) (100.9± 0.54) (99.3± 0.30)
Oral solution (98.4± 1.54) (100.1± 1.27) (100.7± 0.26)
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injection and oral dosage forms reflected the accuracy of the
developed method and freedom from interference.

3.2.3. Precision. Method’s precision was determined as re-
peatability by analyzing six sample solutions (100% of the
target concentration) and intermediate precision on a dif-
ferent day by a different analyst using a different instrument.
&e method was proved to be precise with the repeatability
RSD% values of 1.5 and 0.92, n� 6, for injection and oral
dosage forms, respectively (S7). Intermediate precision
performed with a different analyst on different days using

different instruments resulted in RSD% values of 0.54 and
0.86 for injection and oral dosage forms, respectively (S8).

3.2.4. Robustness. &e investigated critical parameters of the
developed HPLC method reflected the robustness of the
developed method. Results showed that the method can
withstand small but deliberate changes with all system
suitability parameters being within the acceptable limits
(Table 4).

&e developed method was also applied for the deter-
mination of the content of different brands for different

Table 4: Robustness of the developed method (n� 6) (assay and statistical evaluation).

Parameter RSD for area for six injections &eoretical plates no. Tailing factor Retention time
Developed method (default) 0.143 11162 1.3 6.210
New column 0.784 14903 1.3 9.532
29% acetonitrile (−1%) 0.409 6556 1.3 7.232
31% acetonitrile (+1%) 0.182 11747 1.2 6.437
Buffer pH 7.8 (−0.2) 0.387 11186 1.4 6.123
Buffer pH 8.2 (+0.2) 0.949 12392 1.2 6.809
Wavelength 210 (−5) 0.3190 12331 1.2 6.183
Wavelength 220 (+5) 0.297 11475 1.2 6.110
Flow rate 1.35 (−0.15) 0.156 13075 1.3 6.884
Flow rate 1.65 (+0.15) 0.126 11450 1.3 5.685

Table 5: Content percentage results.

Dosage form Sample name Content %±RSD

Oral solution
Brand 1 103.2± 0.2
Brand 2 102.9± 0.9
Brand 3 122.1± 0.9

Injection
Brand 1 102.1± 0.5
Brand 2 96.1± 0.4
Brand 3 102.1± 1.0

Powder for oral solution Brand 1 102.1± 1.5

Table 6: Statistical comparison between the developed method and the official method.

Developed method Official method
Content % 1 103.40 99.20
Content % 2 105.90 97.10
Content % 3 100.40 100.00
Content % 4 100.00 94.90
Content % 5 99.80 100.50
Average 101.90 98.34
STDEV 2.67 2.32
t-value∗ 2.25 (2.31)
F-value∗ 5.38 (6.38)
∗Calculated at 95% confidence limit for 8 degrees of freedom.
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Figure 4: Typical chromatogram for the degraded levamisole standard with 0.5M NaOH ( : intact drug; : degraded drug).
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Figure 5: Typical chromatogram for the degraded levamisole standard with 0.5M HCL ( : intact drug; : degraded drug).

0.0

0.5

1.0

1.5

2.0

µV

0.0 1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 9.0 10.0 11.0
min

Figure 6: Typical chromatogram for the degraded levamisole standard with 30% H2O2.
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Figure 3: Typical chromatogram for the degraded levamisole standard with heating ( : intact drug; : degraded drug).
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dosage forms. Obtained assay results were found satisfactory
for injection, oral, and powder dosage forms (Table 5).

&e accuracy and precision of the developed method were
further confirmed by the statistical comparison with the BP
official method. &e t-value and the F-value for eight degrees
of freedom were 2.25 and 5.38, respectively (Table 6). As the
calculated values are less than the tabulated ones (t-val-
ue� 2.31 and F-value� 6.38), this indicates no significant
difference between the developedmethod and the official ones.

3.3. Forced Degradation Study. &e developed method was
applied as stability indicating to investigate the effect of
different stress conditions on the drug solution. &e ob-
tained results revealed that the degradation product is more
polar than the intact drug appearing at a low k value (RT≈2
minutes) in the C8 column.

Heating the solution of levamisole for one hour resulted
in about 15.5% reduction of its peak area and appearance of a
large peak with an RT of 2.5 minutes (Figure 3).

While heating the drug solution in the presence of
sodium hydroxide for half an hour, 27% reduction of its
peak area was observed with the appearance of large and
small peaks with an RTat 2.3 and 4.4 minutes, respectively
(Figure 4). Furthermore, heating the drug solution with an
acid resulted in 5% reduction of its peak area and ap-
pearance of broad unresolved peaks of RT 2.1 minutes
(Figure 5).

Oxidation of the drug by adding hydrogen peroxide to
the solution resulted in appearance of a large peak at 2
minutes and disappearance of the normal drug peak
(Figure 6).

4. Conclusion

A selective, accurate, and precise stability-indicating HPLC
method for analysis of levamisole hydrochloride in bulk
and in their injection and oral solution formulations has
been developed and validated in accordance with ICH
guidelines. &e developed method was found to be suitable
for the routine analysis as well as for stability studies of this
drug.

Stability studies showed that the drug solution was
unstable under heat, acidic, alkaline, and oxidative condi-
tions. It showed major degradation in the basic condition
(41%) and minor degradation in acidic condition (5%)
which indicates that pH of drug solutions is better to be
slightly acidic. Further studies are recommended for isola-
tion and identification of these degradation products using
hyphenated techniques such as LC/MS.
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S1: typical chromatogram for the drug using ACN :
ammonium phosphate buffer pH 7.2 (30 : :70% v/v) using
C18 and methanol 60% v/v as the diluent. S2: typical
chromatogram for the drug using ACN : KH2PO4 buffer pH
7.2 (30 : 70 v/v), C18 column. S3: typical chromatogram for
the drug using ACN :KH2PO4 pH 8.0 (30 : 70 v/v), C18
column. S4: typical chromatogram for the drug using ACN :
KH2PO4 pH 8 (40 : 60 v/v), C18 column. S5: typical chro-
matogram for the drug using methanol : KH2PO4 pH 8 (50 :
50 v/v), C8 column. S6: calibration curves of the developed
method. S7: repeatability of the developed method. S8: in-
termediate precision results for levamisole injection and oral
solution. (Supplementary Materials)
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