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Abstract 

Two simple and rapid chromatographic methods were developed and validated for the analysis of levamisole and tric‑
labendazole simultaneously in pure and pharmaceutical products. The first method is thin‑layer chromatography (TLC) 
with densitometry, and the second method is high‑performance liquid chromatography with PDA detection (HPLC–PDA). 
A Hypersil BDS C18 column with dimensions of 4.6 × 150 mm and a particle size of 5 µm was used in the HPLC–PDA 
method. An isocratic condition was used to carry out the separation, and the mobile phase was made up of acetonitrile 
and a 0.03 M potassium dihydrogen phosphate buffer in double‑distilled water. The ratio of the mobile phase preparation 
was 70:30 (v/v), and the flow rate was 1 mL/min. A wavelength of 215 nm was employed for analyte detection. Precoated 
silica gel 60 F254 aluminium plates were used for the TLC method’s separation. Mobile phase was made of ethyl acetate, 
hexane, methanol, and ammonia (69:15:15:1) for the separation. The detection wavelength selected was 215 nm. Accord‑
ing to the International Council for Harmonization (ICH) guidelines, the proposed methods were validated and it was found 
that the two chromatographic methods are accurate, precise, and linear for both compounds in the range of 3.75–37.5 
and 6–60 mg/L for the HPLC method for levamisole and triclabendazole, respectively and in the range of 2–14 µg/spot 
for the TLC method. The developed methods greenness profile was assessed using AGREE and ComplexGAPI tools.

Highlights 

1. Development of two chromatographic methods for simultaneous analysis of binary anthelmintic mixture.

2. HPLC‑PDA using isocratic conditions and TLC‑Densitometry techniques used for the separation of levamisole 
(LEVA) and triclabendazole (TCBZ).
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3. The developed methods were validated according to ICH guidelines and green assessment using AGREE 
and ComplexGAPI tools.

Keywords Levamisole, Triclabendazole, Thin layer chromatography (TLC)–densitometry, High performance liquid 
chromatography (HPLC), Anthelmintic drugs, Green assessment

Graphical Abstract

Introduction
One of the primary factors causing economic losses in 
the sheep breed business is intestinal nematode infec-
tions [1, 2]. Veterinarians are now employing a variety 
of anthelmintic medication in combination to promptly 
treat animals as the incidence of parasite resistance con-
tinues to rise [2]. Martibendazene is an oral suspension 
formula that consists of two active ingredients with dis-
tinct pharmacological actions on sheep GIT worms [3, 4]. 
The anthelmintic drugs used are levamisole hydrochlo-
ride (LEVA) and triclabendazole (TCBZ), their chemi-
cal structures are illustrated in Fig.  1. The concurrent 
administration of LEVA with TCBZ has been observed to 
result in superior therapeutic outcomes and accelerated 

amelioration of hepatic pathologies in naturally infected 
sheep afflicted with Fasciola species [4].

LEVA  (C11H12N2S) is effectively eradicating the para-
sitic infection known as ascariasis in the human pop-
ulation. Additionally, it exhibits activity against the 
hookworm parasite, whereas LEVA demonstrates lim-
ited efficacy in treating enterobiasis and trichuriasis. The 
racemic form tetramisole is less effective at killing worms 
than LEVA [5]. In 1990’s, the FDA approved the use of 
Levamisole as a colon cancer adjuvant therapy [6]. Previ-
ously, levamisole was employed as a therapeutic agent for 
rheumatoid arthritis [7]. The findings support claims that 
levamisole has immunomodulatory qualities that make it 
effective for improving immunological response even in 
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severely compromised folks [8, 9]. The trial also showed 
that LEVA is clinically effective in treating people with 
mild coronavirus infection (COVID-19) [10].

TCBZ  (C14H9Cl3N2OS), is a type of benzimidazole 
anthelmintic that is specifically recommended for the 
treatment of sheep and other types of cattle. In ovine and 
bovine animals, this treatment is effective in eliminating 
early immature and mature Fasciola species [11, 12]. Tri-
clabendazole’s effectiveness against Fasciola infections 
in livestock has been documented since the 1980’s [13]. 
Following oral administration, the triclabendazole that 
is absorbed cannot be identified in the plasma due to 
its rapid clearance by the liver. The liver metabolizes the 
triclabendazole into triclabendazole sulfoxide and tricla-
bendazole sulphone [14]. Since the dosage form of LEVA 
with TCBZ is new and to simultaneously analyze both 
medications in the new dosage form, we had to design 
new methodology and validate it.

For the quantitative determination of LEVA by itself 
or with the combination of other medications either 
in its pure form or in dosage forms or its degradation 
form or in the presence of metabolites, a variety of tech-
niques have been documented. These techniques include 
high-performance liquid chromatography coupled with 
ultraviolet detection (HPLC–UV) [14–26], with mass 
spectrometry detection (HPLC–MS/MS) [27–29], liquid 
chromatography coupled with ultraviolet detection (LC-
UV) [30], with mass spectrometry detection (LC–MS/
MS) [31–34], ultra-performance liquid chromatography 
(UPLC) [35], gas chromatography/mass spectrometry 
(GC–MS) [36–38], high performance thin-layer chro-
matographic methods (TLC) [38, 39], capillary elec-
trophoresis [38, 40, 41], spectrophotometric methods 
[42], potentiometric methods [43, 44], electrochemi-
luminescence [45], electro-membrane extraction [46], 

and electrochemically using electrodes modified with 
boron-doped diamond [47]. The concentration of TCBZ 
alone or in combination with other medications has 
been measured using a variety of techniques, including 
high performance liquid chromatography coupled with 
ultraviolet detection (HPLC–UV), pharmaceutical dos-
age forms, biological fluids, and in the presence of its 
metabolites [48–54], with fluorescence detection [55], 
liquid chromatography coupled with fluorescence detec-
tion [56], with mass spectrometry detection (LC–MS/
MS) [57, 58], spectrofluorometric method [59], and spec-
trophotometric methods [60]. To our knowledge, none of 
these techniques quantitively analyzed both drugs except 
one spectrophotometric method [61].

In analytical chemistry laboratories, the optimization of 
chromatographic conditions to quantitatively analyse the 
binary mixture is a challenging undertaking, this requires 
numerous trials conducted by experienced analysts, as 
well as scientific predictions of how the drugs will behave 
chromatographically corresponding to their structures. 
The main aim of this study is the development of robust, 
sensitive, and optimized chromatographic techniques 
for determining LEVA and TCBZ simultaneously either 
in pure forms or dosage form. The present study aims 
to develop with optimized conditions of reversed-phase 
(RP)-HPLC coupled with photodiode array detector 
(PDA) and TLC-densitometry methods. These methods 
aim to facilitate the rapid separation of the investigated 
compounds. The proposed methods were fully validated 
and statistically analyzed according to ICH parameters 
[62]. For quality control analysis of the aforementioned 
pharmaceuticals’ with the lack of interference of excipi-
ents, it can be applied for regular analysis in a variety of 
pharmaceutical companies.

Calculating the greenness profile of two the meth-
ods were performed using AGREE and ComplexGAPI 
softwares. AGREE which is abbreviation of Analytical 
GREEnness metric approach consists of 12 principles 
in green analytical chemistry, where the weight of each 
principle can be adjusted and varied for confident flex-
ibility. The 12 principles are presented in a clockwise 
diagram where each sector is colored scaled from red to 
yellow to green representing the greenness of each prin-
ciple in the method. The greener the diagram, the score 
tends to be near one [63–65].

An advanced tool for assessing how analytical pro-
cesses affect the environment is the ComplexGAPI 
green assessment tool. It encompasses every facet of 
the process, including the synthesis and production of 
materials needed for the technique as well as sample col-
lection, preparation, and analysis. The tool represents 
every phase of the process and how they impact on the 
environment employing a pictogram that consists of a 

Fig. 1 Levamisole hydrochloride and Triclabendazole chemical 
structures
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hexagon and five pentagrams. To indicate a low, medium, 
or high effect, the pentagrams are colored green, yellow, 
or red, respectively. If specific conditions are satisfied, 
such having renewable or biodegradable materials used 
in the process, the hexagon is colored green. The tool is 
used for enhancing analytical chemistry’s sustainabil-
ity which can be used to track improvements over time 
and pinpoint places where more environmentally friendly 
analytical processes can be implemented [66, 67].

Our aim to develop a new method to quantitively sepa-
rate LEVA and TCBZ using RP-HPLC and TLC-Den-
sitometry. The developed method aims to fulfil the ICH 
parameters requirements and to be green to maintain 
sustainability.

Materials and chemicals
LEVA and TCBZ working standards were gener-
ously  given by (Pharma Swede Ph. Co., 10th of Rama-
dan City, Egypt). The reported purities of the LEVA 
and TCBZ were 99.7% and 99.6%, respectively. 
 Martibendazene® oral suspension manufactured by Mar-
tiros for pharmaceutical industrial Co., labeled to con-
tain 7.5 gm LEVA and 12 gm TCBZ for each 1 mL, was 
provided by Martiros for pharmaceutical industrial Co. 
Throughout the entire study, HPLC grade solvents and 
reagents were used. We obtained acetonitrile (ACN) and 
methanol of HPLC grade obtained from (Sigma-Aldrich, 
Germany), orthophosphoric acid from (Merck, Ger-
many), and potassium dihydrogen phosphate  (KH2PO4) 
from (LOBA Chemie, India), ethyl acetate and hexane 
from (PIOCHEM Co., Egypt), and all provided of ana-
lytical grades. Hydrochloric acid and sodium hydroxide 
(El-Nasr Company, Egypt) prepared as 0.5 M aqueous 
solutions. Hydrogen peroxide 30% (TopChem Company, 
Egypt) Double distilled water (Otsuka Pharmaceutical 
Co., Cairo, Egypt).

Experimental
Materials and chemicals
LEVA and TCBZ working standards were gener-
ously  given by (Pharma Swede Ph. Co., 10th of Rama-
dan City, Egypt). The reported purities of the LEVA 
and TCBZ were 99.7% and 99.6%, respectively. 
 Martibendazene® oral suspension manufactured by Mar-
tiros for pharmaceutical industrial Co., labeled to con-
tain 7.5 gm LEVA and 12 gm TCBZ for each 1 mL, was 
provided by Martiros for pharmaceutical industrial Co. 
Throughout the entire study, HPLC grade solvents and 
reagents were used. We obtained acetonitrile (ACN) and 
methanol of HPLC grade obtained from (Sigma-Aldrich, 
Germany), orthophosphoric acid from (Merck, Ger-
many), and potassium dihydrogen phosphate  (KH2PO4) 
from (LOBA Chemie, India), ethyl acetate and hexane 

from (PIOCHEM Co., Egypt), and all provided of ana-
lytical grades. Hydrochloric acid and sodium hydroxide 
(El-Nasr Company, Egypt) prepared as 0.5 M aqueous 
solutions. Hydrogen peroxide 30% (TopChem Company, 
Egypt) Double distilled water (Otsuka Pharmaceutical 
Co., Cairo, Egypt).

Instrumentation and chromatographic conditions
Waters Alliance 2690 HPLC module conducted with a 
column compartment, auto sampler, degasser, and qua-
ternary pump, coupled with Waters 996 Photodiode 
Array Detector (PDA) was used.  Empower3® chroma-
tographic software (Empower 3 Software Build 3471 
SPs) was used to process the obtained results. pH meter 
(Jenway 3510, UK), electronic balance (Vibra, Japan), 
and membrane filter (0.45 µm, Millipore, Ireland) were 
used. The analytical column utilized in the experiment 
was a Hypersil BDS C18 column (4.6 × 150 mm, 5 µm). 
Both the calibration of the data and the computation 
of the regression equation were done using Microsoft 
Excel 365. The structures of the analytes were sketched 
using ChemBioDraw Ultra 14.0 software. Under iso-
cratic condition, the analysis was carried out using 
mobile phase system made of ACN and 0.03 M  KH2PO4 
(70:30 v/v) in double distilled water, orthophosphoric 
acid was used to keep pH (3). Mobile phase solvents 
were pumped at a flow rate of 1 mL/min after being 
filtered then sonicated for degassing for 15 min before 
to use. The run time was 4.5 min with ambient column 
temperature. The equilibration of the analytical column 
lasted for 30 min. using the mobile phase followed by 
injection of the prepared sample (10  µL). Wavelength 
maximum was observed at 215 nm.

The HPTLC densitometer device consisted of  Camag® 
Linomat five autosampler with  Camag® micro syringe 
100 µL (Muttenz, Switzerland). The stationary phase was 
made of (20 × 10  cm2) aluminium sheets and coated with 
(60 F254) silica gel (Merck, Darmstadt, Germany), where 
separation was accomplished. Densitometric scanning 
was performed using A CAMAG scanner (3S/N 1302139; 
Muttenz, Switzerland) with win CATS® software version 
1.4.2.8121. The application of samples onto the thin-layer 
chromatography (TLC) plates was performed in a quan-
titative manner using the  Camag® Linomat autosam-
pler, employing a 100µL micro syringe. The bands, with 
a length of 6 mm, were spotted with 10.5 mm distance 
from each spot and 15 mm from the bottom border of 
the plate. The optimal components of the mobile phase 
utilized for the chromatographic separation was ethyl 
acetate: hexane: methanol: ammonia (69:15:15:1, by vol-
ume). The plates were developed in an ascending chro-
matographic chamber and the pre-saturation lasted for 
60 min. with the mobile phase at 25 ℃, eight cm from the 
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spotting line. The generated bands were scanned with a 
UV lamp adjusted at 215 nm at 20 mm/s for densitomet-
ric analysis after the plates were left at room temperature 
for 30 min. to dry.

Preparation of standard and working solutions
Concentration of stock solution of (750 mg/L) for LEVA 
and (1200 mg/L) for TCBZ were prepared by dissolving 
of 75 mg of LEVA and 120 mg of TCBZ in methanol up 
to 100-mL volumetric for HPLC. Followed by aliquoting 
10 mL of the stock solution into 100-mL volumetric flask 
and diluted with the mobile phase While concentration 
of stock solutions (1000 mg/L) for each drug was deter-
mined by accurately weighing and transferring aliquots of 
10 mg each of LEVA and TCBZ into 10-mL volumetric 
flasks using methanol for TLC–Densitometry. The vol-
ume of the all the solutions was brought up to the mark 
with the same diluting solvent.

Validation procedure
In the development and validation of the chromato-
graphic procedures, linearity, range, accuracy, precision, 
limit of detection (LOD), limit of quantification (LOQ), 
robustness, and system suitability were produced [62].

Linearity
For HPLC, the calibration curve was plotted using con-
centrations ranging from 3.75 to 37.5  mg/L for LEVA 
and 6 to 60 mg/L for TCBZ against the observed peak 
area. Measurements were performed in triplicates and 
linearity was established by applying the linear regres-
sion analysis. While TLC method was performed by 
accurately applying volumes of each drug stock solution 
onto TLC sheets. This resulted in spot volumes of 2–14 
µg/spot for both LEVA and TCBZ. Linear regression 
equations were obtained by constructing the calibration 
curve as the obtained peak area of each drug against their 
concentrations.

Accuracy
The accuracy of the measurements was calculated using 
nine determinations over three different concentrations 
of LEVA and TCBZ apart from the linearity ranges. The 
percent recovery for the prepared concentration was 
used to calculate accuracy, which was then represented 
as the percent recoveries mean ± standard deviation (SD). 
The tested concentrations in (HPLC) method were 15, 
22.5, and 30 mg/L for LEVA, and 12, 24, and 48 mg/L for 
TCBZ. The aforementioned procedures were performed 
to determine various concentrations, with each meas-
urement being observed and linear regression equation 
was applied. In the thin-layer chromatography (TLC) 

method, the concentrations of LEVA and TCBZ were 
observed to be 6, 8, and 12 µg/spot and 4, 6, and 10 µg/
spot, respectively.

Precision
Assessment of the precision was by performing tripli-
cate measurements over a period of three consecutive 
days using three distinct concentration levels within 
range obtained of each standard (the inter-day precision). 
While intra-day precision is the ability to repeat the 
measurements of three concentrations on the same day. 
The three evaluated concentrations using the HPLC tech-
nique were 15, 22.5, and 30 mg/L for LEVA and 12, 24, 
and 48 mg/L for TCBZ. The three evaluated concentra-
tions using the TLC technique were 6, 8, and 12 µg/spot 
for LEVA and 4, 6, and 10 µg/spot for TCBZ. The chro-
matographic procedures mentioned above were used to 
determine different concentrations.

Detection and quantitation limits
The limit of detection (LOD) and limit of quantification 
(LOQ) for both methods were determined for LEVA and 
TCBZ. The detection limit was computed as (3.3* SD of 
intercept)/slope [62] while quantification limit as (10* SD 
of intercept)/slope [62].

Robustness and system suitability analysis
To determine whether the developed methods were 
robust or not, the relative standard deviation (RSD) was 
evaluated by performing the HPLC method with altering 
mobile phase ratio and flow rate with minute changes. 
While for TLC method, the variation was the introduc-
tion of minor modifications to the mobile phase ratio 
and detector wavelength. The parameters for system suit-
ability testing were evaluated with respect to the selec-
tivity and tailing factor, theoretical plate number, and 
resolution.

Forced degradation study
All degradation experiments were performed with drug 
solutions of (100 mg/L) concentration for each drug. Tri-
clabendazole and levamisole were stressed under the fol-
lowing conditions: 0.5 M HCl, 0.5 M NaOH, 30%  H2O2, 
at 100  °C. The stressed samples were injected into the 
HPLC. Standards of triclabendazole and levamisole were 
reacted with 0.5 M HCl for 2 h and 0.5 M NaOH for 5 h. 
They were also treated with 30%  H2O2 for 30  min. and 
heating at 100 °C for 1h.

(1) Heating condition, transfer 5 mL of solutions con-
centration of (100 mg/L) to a 50-mL volumetric 
flask, and the required volume was completed 
with methanol. The solutions of TCBZ and LEVA 
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were refluxed at 100 °C for 1 h. The solutions were 
injected into HPLC after cooling down.

(2) Alkaline, acidic, and oxidative conditions, trans-
fer 5 mL of solutions concentration of (100 mg/L) 
to a 50-mL volumetric flask with adding 5  mL of 
0.5 M NaOH to TCBZ and LEVA. Then, the solu-
tions were refluxed at 100  °C for 5 h. After cool-
ing the solutions were neutralized with 0.5 M HCl. 
The above procedure was replicated by 0.5 M HCL 
instead of NaOH while heating for 2  h and finally 
neutralized using 0.5 M NaOH. The oxidative 
conditions applied to TCBZ and LEVA was evalu-
ated by repeating the above procedure using 5 ml 
of 30%  H2O2 while refluxing at 100  °C for 30 min. 
The degraded formed solutions were injected into 
HPLC for analysis.

Application to pharmaceutical dosage form
Martibendazene® oral suspension as directed in the 
labelling each 1 ml contains 7.5 gm of levamisole and 12 
gm of triclabendazole. A dilution of 1:100 was prepared 
using methanol, the suspension was sonicated for 15 min 
till complete dissolving then filtered, the solution was 
completed to 100 mL.

(a) HPLC method: The prepared solution was diluted 
with mobile phase by transfer 1.0 mL of the pre-
pared solution to a 100-mL volumetric flask to 
obtain (75 mg/L) of LEVA and (120 mg/L) of TCBZ. 
Under the optimized chromatographic conditions, 
separation was obtained.

(b) The solution was spotted onto the TLC plate using 
the TLC densitometry method. The chromato-
graphic conditions stated above were used for the 
evaluation and measurement.

The standard addition method was used for both tech-
niques. The evaluation was done using  Martibendazene® 
oral suspension and known exact amounts of each 
standard were spiked to the dosage form. The recovery 
evaluation was conducted for each standard using three 
different addition concentration amounts.

Results and discussion
Development and optimization of conditions
For the simultaneous determination of LEVA and TCBZ, 
two chromatographic techniques are proposed to be 
developed and validated in the current study.

Many different mobile phase combinations were tried 
during HPLC technique development, including water/
MeOH, water/ACN, and acetic acid/MeOH, but all of 
them resulted in either a loss of resolution or an exces-
sively lengthy analysis time. ACN were mixed with 
 KH2PO4 buffer as a mobile phase in different ratios 
such as (60:40, 70:30, 80:20). The ratio (70:30) of ACN: 
 KH2PO4 resulted in a better resolution. The flow rate was 
alternated to avoid tailing and fronting of the peak, 0.5, 
0.8, 1, 1.2, 1.5 mL/min were applied, and the optimized 
peaks were resulted from 1 mL/min. flow rate. For the 
selection of wavelength, wavelength maximum (λmax) of 
the spectra of both drugs were selected to carry on fur-
ther measurement. The optimized chromatographic 
parameters were obtained by utilizing a combination 
of ACN and a 0.03 M  KH2PO4 buffer in (70:30) ratio 
with flow rate (1 mL/min). The optimal separation was 
attained as shown in Figs. 2–3.

In the TLC method, the optimization of mobile phase 
was performed by applying different ratios of metha-
nol: dichloromethane (DCM); (90:10 and 80:20). The 
obtained spots were overlapped ensuring no separation 
using this system. Another system was tried using ethyl 

Fig. 2 HPLC chromatograms of (A) LEVA (37.5 mg/L) and (B) TCBZ (60 mg/L) under optimized conditions
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acetate and hexane, ratios of (80:20 & 95:5 of ethyl ace-
tate: methanol). Spots started to be separated, therefore 
this system was chosen for the optimization of mobile 
phase. Hexane and ammonia were added to enhance sep-
aration of spots by alternating the polarity of the system. 

Ratios applied of ethyl acetate, hexane, methanol, and 
ammonia were (79:10:10:1, 69:15:15:1, and 79:5:15:1). For 
wavelength selection different wavelength were applied 
such as 215, 223, 245, 254, and 270 nm. The best chroma-
tographic separation was done with ethyl acetate, hexane, 

Fig. 3 Three‑dimension HPLC chromatograms of (A) LEVA (37.5 mg/L) and (B) TCBZ (60 mg/L) under optimized conditions

Fig. 4 Two dimensions TLC chromatogram of LEVA (7.5 µg/spot) and TCBZ (12 µg/spot) under optimized conditions for chromatography
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methanol, and ammonia in the proportions (69:15:15:1, 
by volume) at 215 nm. Demonstrating successful chro-
matographic separation of LEVA and TCBZ as presented 
in Fig. 4.

Method validation
Evaluations of the validation parameters for the two 
methodologies were presented and evaluated in fulfil-
ment with ICH recommendations [62], as shown in 
Table 1.

Linearity
In the HPLC method, LEVA and TCBZ showed linear-
ity in the ranges of 3.75–37.5 and 6–60 mg/L, respec-
tively, whereas in the TLC method, LEVA and TCBZ 
showed range linearity of 2–14 µg/spot for the binary 
mixture. The  (r2) was greater than 0.9998 that is more 
than 0.995 required for linearity [68]. The obtained cali-
bration curves were used to construct linear regression 
equations.

Accuracy
The accuracy of the proposed methods was evaluated 
by calculating the mean percentage recovery and stand-
ard deviation (SD). In the HPLC method the mean val-
ues, along with their corresponding standard deviations, 
were determined to be 99.78 ± 1.8 and 99.70 ± 1.02 for 
LEVA and TCBZ, respectively. In the TLC method, the 
observed values for LEVA were, 100.11 ± 0.95 while for 
TCBZ they were 100.12 ± 0.67. Both methods were deter-
mined to be accurate since the results were in the range 
of 98–102% as shown in Table 1.

Precision
Upon evaluating repeatability, % RSD was found to 0.58 
and 0.62 for LEVA and TCBZ, respectively using the 
HPLC method and 1.1 for LEVA and 0.56 for TCBZ 
using the TLC method. In order to assess the precision 
of measurements over multiple days, inter-day precision 
testing was conducted, % RSD was found to be 0.64 and 
0.67 for LEVA and TCBZ, respectively, using the HPLC 
method and 1.05 for LEVA and 0.58 for TCBZ using the 
TLC method. The data presented in this study indicate 
that both methods exhibit a high level of precision. The 
results expressed as relative standard deviations (% RSD) 
as shown in Table 1 indicating the precision of the meth-
ods since % RSD doesn’t exceed 2%.

LOD and LOQ
By computing the (LOD) and (LOQ) equations previ-
ously stated, the corresponding results are shown in 
Table 1, the obtained results showed sensitivity.

Robustness and system suitability parameters
The assessment of robustness involved the evaluation of 
the effects of making small modifications to the chro-
matographic conditions of the mobile phase ratio (ACN, 
70 ± 1 v/v) and flow rate (1 ± 0.1 mL/min) in the HPLC 
method. In the TLC method, minute changes in the 
ratio of the mobile phase ratios (ethyl acetate, 69 ± 1%) 
and detector wavelength (215 ± 3 nm). The two meth-
ods exhibited robustness as the examined variables did 
not show significant change in the results proven by the 
calculate relative standard deviation (% RSD) as shown 

Table 1 Validation parameters of the recommended chromatographic methods for determination of LEVA and TCBZ

Items HPLC TLC

LEVA TCBZ LEVA TCBZ

Wavelength (nm) 215 nm 215 nm

Linearity range (mg/L) 3.75–37.5 mg/L 6–60 mg/L 2–14 mg/L 2–14 mg/L

Intercept 32507 35799 1175.3 3700.1

Slope 49529 69627 1201.5 922.73

Correlation coefficient  (r2) 0.9999 0.9999 0.9998 0.9998

Accuracy (Mean ± SD) 99.78 ± 1.8 99.70 ± 1.0 100.11 ± 0.95 100.12 ± 0.67

Precision

 Repeatability (% RSD) 0.58 0.62 1.1 0.56

 Intermediate precision (% RSD) 0.64 0.67 1.1 0.58

 LOD (mg/L) 0.712 1.099 0.538 0.446

 LOQ (mg/L) 2.157 3.331 1.632 1.353
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Table 2 Parameters involved in evaluating the robustness of the developed HPLC method

Drug Parameters Retention time 
 (tR)

Capacity 
factor (K´)

Resolution (R) Tailing 
factor 
(T)

Levamisole Flow rate 1.1 mL/min 1.757 0.76 –‑ 1.19

1 mL/min 1.771 0.77 –‑ 1.17

0.9 mL/min 1.823 0.82 –‑ 1.19

Mobile phase ratio (ACN:  KH2PO4) 69:31 1.796 0.80 –‑ 1.19

70:30 1.771 0.77 –‑ 1.17

71:29 1.804 0.80 –‑ 1.19

Triclabendazole Flow rate 1.1 mL/min 3.355 2.36 10.75 0.99

1 mL/min 3.467 2.47 11.40 0.99

0.9 mL/min 3.499 2.50 11.17 0.98

Mobile phase ratio (ACN:  KH2PO4) 69:31 3.505 2.50 11.42 0.97

70:30 3.467 2.47 11.40 0.99

71:29 3.314 2.31 10.27 0.98

Table 3 Parameters involved in evaluating the robustness of the developed TLC method

Drug Parameters Retention time 
 (tR)

Capacity factor 
(K´)

Resolution (R) Tailing 
factor 
(T)

Levamisole Detector wavelength 212 nm 0.72 0.395 –‑ 0.8

215 nm 0.71 0.408 –‑ 0.8

218 nm 0.71 0.408 –‑ 0.8

Mobile phase ratio ethyl 
acetate: hexane: methanol: 
ammonia

68:15:16:1 0.71 0.395 –‑ 0.8

69:15:15:1 0.71 0.408 –‑ 0.8

70:15:14:1 0.71 0.408 –‑ 0.8

Triclabendazole Detector wavelength 212 nm 0.76 0.301 1.29 0.9

215 nm 0.77 0.298 1.33 1

218 nm 0.78 0.296 1.31 0.9

Mobile phase ratio ethyl 
acetate: hexane: methanol: 
ammonia

68:15:16:1 0.74 0.296 1.28 0.9

69:15:15:1 0.77 0.298 1.33 1

70:15:14:1 0.76 0.301 1.32 1

Table 4 System suitability parameters for the developed HPLC 
method

Parameters Obtained value Reference 
value[69]

Levamisole Triclabendazole

Resolution 11.40  > 2

α "relative reten‑
tion"

3.20  > 1

K` "capacity factor" 0.77 2.47 K` > 2

N "column effi‑
ciency"

2739.14 2739.14  > 2000

Tailing factor 1.17 0.99  = 1 for the ideal 
peak

Table 5 System suitability parameters for the developed TLC 
method

Parameters Obtained value Reference 
value[70]

Levamisole Triclabendazole

Resolution 1.33  > 1

α "relative reten‑
tion"

1.37  > 1

K` "capacity factor" 0.408 0.298 K` > 1

Tailing factor 0.8 1  = 1 for the ideal 
peak
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Table 6 Comparative study of the proposed method with the previously reported methods

Parameters Reported Method 1 [71] Reported 
Method 2 [72]

Reported Method 3 [73] Proposed Method

Techniques Spectrophotometry LC–MS/MS Chemometric HPLC TLC

Drugs TCBZ LEVA Mix of ten 
drugs

TCBZ LEVA TCBZ LEVA TCBZ LEVA

Linearity 1–10
Or
2–20 mg/L

2–14 mg/L 0–500 µg/L
(linearity rang 
for mix of ten 
drugs)

1–9 mg/L 5–25 mg/L 6–60 mg/L 3.75 
‑37.5 mg/L

2–14 µg/spot 2–14 µg/spot

LOD 0.08 mg/L 0.19 mg/L Less than 1 
µg/L

––‑ ––‑ 1.09 mg/L 0.71
mg/L

0.44
mg/L

0.53
mg/L

LOQ 0.23 mg/L 0.58 mg/L ––– ––‑ ––‑ 3.33 mg/L 2.15
mg/L

1.35
mg/L

1.63
mg/L

Application Veterinary formulation Milk Veterinary formulation Pharmaceutical dosage form

Fig. 5 Chromatograms of forced degradation and stability studies: A TCBZ degraded with 0.5 M NaOH; B TCBZ degraded with 0.5 M HCl; C TCBZ 
degraded with heating; D TCBZ degraded with 30%  H2O2 for 30 min; E LEVA degraded with 0.5 M NaOH; F LEVA degraded with 0.5 M HCl; G LEVA 
degraded with heating; H LEVA degraded with 30%  H2O2
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in Tables 2 and 3. For the chromatographic procedures, 
system suitability metrics such as peak resolution, capac-
ity, selectivity, and tailing factor were computed as shown 
in Tables  4 and 5. A comparison between the proposed 
method with previously reported methods were pre-
sented in Table 6.

Specificity of the proposed method
By applying forced degradation to both drugs, TCBZ was 
completely degraded using  H2O2 but partially degraded 
with HCl, NaOH, and temperature. The obtained 

chromatograms showed the specificity of the method to 
separate between the drug and its degraded form. The 
retention times  (tR) of the degradation forms differs from 
LEVA  tR. However, by following the same degradation 
procedures for LEVA, the drug was not degraded. There-
fore, when a mixture of TCBZ and LEVA was exposed to 
the previous stress conditions, the proposed method will 
successfully separate each peak with quantitative meas-
urements. Chromatograms of each drug with each degra-
dation are presented in Fig. 5.

Table 7 Assessment of LEVA and TCBZ in Martibendazene® oral suspension by the developed HPLC method and outcomes of 
standard addition method

a  Labeled to have 75 mg LEVA and 120 mg TCBZ
b  Average of triplicate measurements

The bold values express (Mean) which is the average of recovery percentage and (SD) which is the standard deviation of recovery percentage.

Product Drugs Standard addition

Martibendazene®  Suspensiona Claimed taken Added Total  Foundb Standard  foundb Recovery 
%b

Levamisole 7.5 –– 7.48 –‑ 99.75

7.5 3.75 11.21 3.73 99.38

7.5 7.50 14.92 7.44 99.25

7.5 15 22.50 15.02 100.12

Mean ± SD 99.59 ± 0.47
Triclabendazole 12 –‑ 11.95 –‑ 99.59

12 6 17.91 5.96 99.33

12 12 24.16 12.21 101.78

12 24 35.99 24.04 100.15

Mean ± SD 100.42 ± 1.3

Table 8 Assessment of LEVA and TCBZ in  Martibendazene® oral suspension by the developed TLC method and outcomes of standard 
addition technique

a  Labeled to have 75 mg LEVA and 120 mg TCBZ
b  Average of three measurements

The bold values express (Mean) which is the average of recovery percentage and (SD) which is the standard deviation of recovery percentage.

Product Drugs Standard addition

Martibendazene®  Suspensiona Claimed taken Added Total  Foundb Standard  foundb Recovery %b

Levamisole 4 –‑ 3.99 –‑ 99.87

4 2 5.98 1.99 99.57

4 4 8.03 4.04 100.99

4 6 9.98 5.99 99.80

Mean ± SD 100.12 ± 0.76
Triclabendazole 6 –‑ 6.02 –‑ 100.32

6 2 8 1.98 98.79

6 6 12.01 5.99 99.81

6 8 14.06 8.04 100.46

Mean ± SD 99.69 ± 0.85
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Assay of pharmaceutical dosage form
For the analysis of LEVA and TCBZ in Martibenda-
zene+ oral suspension, both methods were applied. The 
developed procedures for determining LEVA and TCBZ 
selectively in the presence of excipients were validated 
using the standard addition technique, and the findings 
were acceptable. Mean of % R ± SD of 99.59 ± 0.47 and 
100.42 ± 1.3 for LEVA and TCBZ, respectively (Tables  7 
and 8).

Statistical analysis
By comparing t and F values of our developed method 
and the reported one in the literature, there was no 
significant difference. Both computed t and F values 
were with lesser values than the theoretical values. The 
methods are accurate and precise by applying Student-
t-test and F-value at 95% confidence level [74]. This was 

demonstrated statistically by comparing the results of the 
HPLC and TLC developed methods to reported ones [60, 
75], shown in Table 9.

Assessment of greenness profile of the chromatographic 
methods
The proposed chromatographic techniques were then 
evaluated for their greenness using the AGREE (Ana-
lytical GREEness) tool [64]. Using a greenness calcula-
tor, twelve rules were applied to produce a clock-like 
graph. AGREE pictogram, showing a score in the centre 
and assessing the influence on the environment from 
deep green to deep red. The developed HPLC and TLC-
densitometry procedures’ AGREE pictograms display 
scores of (0.71) and (0.8) with flimsy green hues, respec-
tively. The results showed that methods are eco-friendly, 
and the TLC method is greener than the reported 

Table 9 shows a statistical comparison of the findings from the examination of Martibendazene® oral suspension using the 
suggested HPLC and TLC procedures with the methods that have been previously described

*  Number of experiments
**  The mean of percent recovery of pharmaceutical preparation
***  The values in parenthesis are tabulated values of “t “and “F” at (P = 0.05)

Parameters Levamisole Triclabendazole

Proposed HPLC 
method

Proposed TLC method Reported 
Method 
[75]

Proposed HPLC 
method

Proposed TLC method Reported 
Method 
[60]

N* 5 5 5 5 5 5

X̅** 100.74 99.87 99.77 100.46 99.76 100.66

SD 0.924 0.951 0.938 0.961 0.493 0.856

Variance 0.854 0.905 0.879 0.925 0.243 0.733

Student’s‑t‑test*** 1.647 (2.306) 0.175 (2.306) ___ 0.360 (2.306) 2.045 (2.306) ___

F‑value *** 1.029 (6.388) 1.029 (6.388) ___ 1.262 (6.388) 3.016 (6.388) ___

Table 10 Greenness assessment of developed and reported method using AGREE and ComplexGAPI tools

Tool HPLC TLC Reported method [61]

AGREE [64]

ComplexGAPI [66]
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spectrophotometric one (0.71) [61], as shown in Table 10. 
Through ComplexGAPI (complex green analytical pro-
cedure index) [66], it has been shown that the proposed 
methods have a low risk of environmental damage. A 
color scale of pictogram with five pentagrams, repre-
senting sample preparation, reagent, and solvent use, as 
well as instrumentation and a hexagonal, representing 
pre-analysis condition, are used to illustrate the findings. 
Green color denotes a considerably safer impact on the 
environment, yellow denotes a problematic impact, and 
red denotes a risky impact that should be avoided. While 
the proposed HPLC pictogram produced 10 green colors, 
three red colors, and two yellow and the proposed TLC 
pictogram produced 10 green colors, two red colors, and 
three yellow. The methods are signifying greener more 
than the reported [61] pictogram produced eight green 
colors, three red colors, four yellow colors. While the 
hexagonal HPLC, TLC, reported methods [61] with 1.00 
E-factor are all green as shown in Table 10.

Conclusions
The validated chromatographic methods deliver accurate, 
precise, repeatable, sensitive, and quantification meth-
ods for LEVA and TCBZ based on the aforementioned 
observations from experiments. The evaluation of LEVA 
and TCBZ in pure powders and pharmaceutical dosage 
form was successfully accomplished using the developed 
TLC and HPLC techniques. The methods were validated 
according to ICH requirements and showed satisfactory 
chromatographic characteristics. Both techniques were 
determined to be suitable for use in quality control labo-
ratories. Although HPLC is the most practical method, 
TLC-densitometry exhibits a greater sensitivity, is inex-
pensive, eco-friendly, and allowing the determination of 
multiple samples quickly.
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