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Abstract: The present method includes spectrophotometric determination of niclosamide (NICS) via Schiff base reaction in 

an alcoholic medium (ethanol) after reducing the nitro group in NICS by added zinc powder in an acidic medium to produce a 

primary amine group which can be coupled with the salicylaldehyde (SSA) reagent to give a yellow solution whose absorption 

is followed at the wavelength of 405 nm. Beer's law limitation for the proposed method was in the range of concentrations of 

4.0-30 µg. ml
-1

. The molar absorbance value was 8.701 x 10
4
 l mol.

-1
 cm.

-1
 and Sandell's sensitivity value was 0.0376 µg. cm

-2
. 

The effect of the reaction components was studied separately by changing one of the components and keeping the other constant, 

and the optimal conditions were chosen for all these studied components. The proposed method has been successfully applied for 

the determination of NICS in a pharmaceutical formulation (Yumesan tablets). The recovery percentage of the medicinal 

compound under study (niclosamide) from the tablet pharmaceutical preparation (Yumesan) via applying the suggested method 

was not less than 96.36%, and the values of each of the low detection limit (LOD), the low quantitation limit (LOQ), the 

relative error percentage (RE%), and the relative standard deviation percentage (RSD%), their values were calculated as they 

are listed 0.9778 µg. ml
-1

, 3.259 µg. ml
-1

, -3.61% and not more than 3.67% respectively. 
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1. Introduction 

Niclosamide is a chlorinated salicylanilide that is dosed 

orally, as it has anthelmintic and possibly anticancer activity. It 

has also been approved by the Food and Drug Administration 

was effective for various viral infections such as SARS 

(SARS-COV). Studies are being conducted on NICS to 

identify its possible clinical use in the handling of Coronavirus 

(COVID-19). NICS does not dissolve in water, but it is soluble 

in chloroform, ethanol, and acetone. NICS is considered 

harmless from a toxicological fact of view and completely free 

from undesirable effects, except for very rare gastrointestinal 

disturbances. NICS has a pale yellowish color and has the 

molecular formula is C13H8Cl2N2O4 (M.wt=327.12 g. Mol.
-1

), 

and has the following chemical structure in Figure 1 [1-4]. 
 

 

 

Figure 1. The chemical structure of NICS. 

The main reagent used in the present work was 

salicylaldehyde (2-hydroxybenzaldehyde, o-

hydroxybenzaldehyde or benzaldehyde, 2-hydroxy). It is a 

colorless or pale yellow liquid with the odor of bitter almond, 

somewhat miscible with water. It has the molecular formula 

C7H6O2 (M.wt=122.12 g / mol.), and the chemical structure 

is shown below in Figure 2 [5]. 
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Various techniques have been used to determine NICS, 

the most important of which are RP-HPLC [6, 7], RP-

HPLC and HPTLC [8], RP-HPLC and derivative 

spectrophotometric methods [9], LC-MS/MS [10], carbon 

nanoparticle/chitosan modified electrode for the square-

wave voltammetry [11], differential pulse striping 

voltammetry [12], nanohybrid sensor [13]. Through the 

literary survey, a limited number of spectrophotometric 

methods included most of the methods included a process 

of reducing the nitro group to the amino group and then 

incorporating it into reactions with different reagents, for 

example fast red B salt [14], p-benzoquinone [15], 2,6-

dihydroxybenzoic acid [16] and N,N-dimethyl amino p-

benzaldehyde [17]. An additional method included 

oxidation of NICS with ferric ion then coupling the 

liberated Fe
+2

 with 1.10- phenanthroline can be used [18]. 

 
Figure 2. Chemical structure of salicylaldehyde. 

The present work included the simple and accurate 

spectrophotometric method of assay NICS using the Schiff 

base reaction after reduction of the nitro group and 

incorporating the R-NICS with SSA reagent. 

2. Experimental 

2.1. Apparatus Used 

All absorption measurements were performed with a 

double beam Jasco V-630 Spectrophotometer and using 1 

cm glass cells, also a HANNA 301 pH meter and a 

Memmert water bath were used in the present 

investigation. 

2.2. Chemicals Used 

All chemicals used are of a high degree of purity. 

2.3. Solutions Used 

2.3.1. Reducing Niclosamide (R-NICS) Solution (100 µg. ml
-1

) 

This solution was prepared via dissolving 0.0100 g of pure 

NICS in 10 ml of ethanol in a 50 ml beaker, then after 

stirring and heating to dissolve all NICS, 5 ml of 

hydrochloric acid (1 M) and 0.1 g of zinc powder were added 

to the solution with stirring, then the mixture was placed in a 

water bath at boiling point for 15 minutes, then after cooling 

it was filtered into a 100-ml volumetric flask and the volume 

was completed with absolute ethanol to the extent of the 

mark [17]. 

2.3.2. Salicylaldehyde Reagent Solution (SSA, 10%) 

This solution was prepared by transferring 10 ml of 

concentrated SSA reagent to a 100 ml volumetric flask, then 

the volume was complemented with absolute ethanol to the 

mark. 

2.3.3. Hydrochloric Acid Solution (1 M) 

This solution was prepared by diluting 8.4 ml of 

concentrated hydrochloric acid 

2.3.4. Pharmaceutical Preparation Solution (100 µg. ml
-1

) 

Three tablets (Yomesan, 500 mg of NICS/tablet) were 

weighed (the average weight of one tablet was 0.8963 g) and 

then crushed together, then 0.0179 g of powder was taken 

and dissolved in 10 ml of ethanol with stirring and dissolving 

need heating, then 5 ml of hydrochloric acid (1 M) were 

added to it, then 0.1 g of zinc powder with stirring then the 

beaker was lifted in a water bath at boiling point for 15 

minutes and after cooling it was filtered in a 100 ml 

volumetric flask and supplemented with absolute ethanol to 

the extent of the mark. 

3. The Procedure and Calibration Curve 

The standard curve of the proposed method for estimating 

NICS was studied by preparing a series of 5 ml volumetric 

flasks and to each of them a different volume of the standard 

solution of R-NICS within the range (20-150 µg), 0.5 ml of 

reagent SSA (10%) then 0.6 ml of concentrated sulfuric acid 

were added, and after waiting for 15 minutes, the volumes of 

these flasks were completed to the mark with absolute 

ethanol and the absorbance was measured against the blank 

solution at the wavelength of 405 nm. The linear sequence of 

these concentrations was observed within this range, as 

shown in Figure 3. The molar absorptivity and Sandell's 

sensitivity were calculated and equal to 8.701 x10
3
 l. Mol

-1
. 

cm
-1

 and 0.0376 µg. cm
- 2

 respectively. 

 
Figure 3. Standard calibration curve of niclosamide using the proposed method. 
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4. Results and Discussion 

4.1. Preliminary Study 

1 ml of R-NICS (100 µg.) was mixed with 0.2 ml of SSA 

reagent (10%) in a 5 ml volumetric flask, then 0.4 ml of 

concentrated sulfuric acid was added to the mixture and the 

solution was left for a waiting period (5 minutes) and then 

the volume completed with absolute ethanol to the mark, so it 

was noticed that the resulting solution gave a yellow color 

and the blank solution was colorless. The absorption 

spectrum was measured against its blank solution, and it gave 

the highest absorption at the wavelength of 406 nm. Thus, 

this wavelength was adopted for the subsequent experiments. 

4.2. General Principle of the Method 

The general principle of the present method includes the 

reduction of NICS with zinc powder to convert the nitro 

group in it into a primary amine group and then this amine 

group condensate with carbonyl group of the SSA reagent to 

produce a yellow complex as shown in the following 

equations (see Figure 4). 

 

Figure 4. The general reactions of the present method.

4.3. Setting the Optimum Conditions of the Method 

The optimum conditions of the suggested method were 

studied in order to obtain high sensitivity and stability of the 

product, and thus the effects of each of the following 

parameters were studied: 

4.4. Study the Effect of Acid Type 

The effect of different types of acids on the reaction of the 

Schiff base was studied by adding I ml of R-NICS (100) to 

series of 5-ml of volumetric flasks, then 0.2 ml of SSA 

reagent solution (10%), then 0.4 ml of various types of 

concentrated acid Then, the volumes were completed with 

ethanol to the mark and the absorption was measured against 

the blank solution and the results were as shown in Table 1. 

Table 1. The effect of acid type. 
Concentrated acid used (0.4ml) Absorbance ƛmax (nm) 

HCl 0.1068 384 
HNO3 0.2084 386 

H3PO4 0.1866 383 

H2SO4 0.2195 406 
CH3COOH 0.0308 402 

Through the results in Table 1, the reaction needs a 

strongly acidic medium, and sulfuric acid has been adopted 

for the rest of the subsequent experiments to give it the 

highest absorbance of yellow product. 

4.5. Study the Effect of the Amount of Concentrated 

Sulfuric Acid 

The effect of the volume of concentrated sulfuric acid was 

studied by preparing a series of 5-ml volumetric flasks each 

containing 1 ml of R-NICS (100 µg) with 0.2 ml of SSA 

reagent solution (10%) with different volumes of 

concentrated sulfuric acid. The volumes were completed with 

ethanol and the absorbance of each the solution was 

measured at the wavelength of 406 nm (Table 2). 

Table 2. Effect of acid amount. 

Concentrated sulfuric acid (ml) Absorbance ƛmax (nm) 

0.2 0.1831 411 

0.4 0.2105 405 
0.6 0.2682 404 

0.8 0.2684 404 

1.0 
0.2566 403 
0.2270 (unstable) 570 

1.5 
0.2619 404 

0.2399 (unstable) 570 
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Through the results in Table 2, although the use of large 

volume (1.0 and 1.5 ml) of concentrated sulfuric acid caused 

a red-shift, but the stability was very weak. Therefore, the 

volume of 0.6 ml of concentrated sulfuric acid was adopted 

for the rest of the subsequent experiments. 

4.6. Study of the Effect of Waiting Time after Adding Acid 

(Before Dilution) 

Several 5-ml volumetric flasks were taken and to each one 

1 ml of R-NICS (100 µg) with 0.2 ml of SSA reagent 

solution (10%) were added, then 0.6 ml of concentrated 

sulfuric acid with different waiting times for each sample, 

then the volume was completed with ethanol. The absorbance 

of each solution was measured versus its blank solution at the 

wavelength of 406 nm, the results in Table 3 show that 15 

minute was the optimum time to give complete oxidation, 

and it was fixed in the subsequent experiments. 

Table 3. Effect of oxidation time. 

Oxidation 

time (min.) 
Immed. 5 10 15 20 30 

Absorbance 0.2143 0.2328 0.2493 0.2680 0.2662 0.2660 

4.7. Study the Effect of the Amount of SSA Reagent 

This study was conducted to identify the most an 

appropriate amount of the reagent, which gives the best value 

for the determination coefficient (R
2
) for different 

concentrations of R-NICS by preparing a series of 5 ml 

volumetric flasks and adding to each of them different 

volumes (0.2-2 ml) within different volume of SSA reagent 

solution (0.1-0.6 ml), then 0.6 ml of concentrated sulfuric 

acid with a waiting period of 15 minutes, then the volumes 

were completed with absolute ethanol and the absorbance 

was measured against it is the blank solution at the 

wavelength of 404 nm, the results were as in Table 4. 

Table 4. The optimum amount of reagent. 

Reagent (SSA 

(10%), ml) 

Absorbance/ µg of RNIC in 5 ml 

20 50 100 200 R2 

0.1 0.0420 0.1098 0.1530 0.3446 0.9842 

0.2 0.0899 0.1842 0.2651 0.5745 0.9881 

0.3 0.0735 0.2081 0.3210 0.5859 0.9900 

0.4 0.1361 0.2431 0.3980 0.8221 0.9953 

0.5 0.1401 0.3209 0.5489 1.0436 0.9988 

0.6 0.0736 0.2685 0.5143 0.9503 0.9945 

Through the results in Table 4, the optimum volume of the 

SSA reagent solution was 0.5 ml, and thus this volume was 

adopted in the subsequent experiments. 

4.8. The Effect of Solvent 

The effect of different types of solvents used in dilution on 

the absorption of the Schiff base product was studied by 

completed their volumes after adding the components of 

reaction to the extent of the mark with the solvent understudy, 

and the spectrum was measured for each of them against the 

blank solution, The results illustrated in Figure 5 and Table 5. 

 
A: Ethanol, B: Water, C: Propanol, D: n-Butanol, E: Acetic acid, F: Methanol. 

Figure 5. Effect of solvents on spectrum of Schiff's base. 

Table 5. Effect of solvents. 

Solvent Absorbance ƛmax Є, L.mol-1.cm-1 

Methanol 0.2349 393 3915 

Ethanol 0.551 405 9183 
Propanol 0.4565 393 7608 

n-Butanol 0.4448 411 7413 

Acetone Turbid __________ __________ 
Acetic acid 0.3341 409 5568 

Water 0.5455 409 9091 

The results are shown in Figure 2 and Table 5, although of 

the high absorption value resulting from the water, was 

excluded because the resulting Schiff base is completely 

unstable and the color quickly disappears, and thus ethanol 

use was retained for subsequent experiments. 

4.9. Study of the Addition Order 

Various order of reaction reagents addition were studied to 

identify the most suitable ones. Through the results shown in 

Table 6, it becomes clear to include that order (I) gives the 

best value of absorbance compared to the other orders, and it 

is the order followed in the rest of the previous experiments, 
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so it was maintained. 

Table 6. Order of addition. 

Order of addition Absorbance 

(I): NCS + R + H+ + Ethanol 0.5613 

(II): NCS + H+ + R + Ethanol 0.4663 

(III): NCS + Ethanol + H+ + R 0.5107 

(IV): NCS + Ethanol + R + H+ 0.4411 

(V): R + H+ + NCS + Ethanol 0.5422 

4.10. Study the Effect of Time on the Stability of the Schiff 

Base Formed 

The stability of the Schiff base product with time was 

studied (By following the change of absorbance over time) 

for two different concentrations of R-NICS over a period of 

60 minutes, starting from the moment of completion of the 

additions and complementing the volume with ethanol, the 

results as shown in Table7. 

Table 7. Effect of time on stability. 

Time (min.) 
Absorbance / µg RNICS 

50 100 

Immediately 0.2689 0.5406 

5 0.2744 0.5528 

10 0.2722 0.561 

15 0.2741 0.5616 

20 0.274 0.5509 

25 0.2732 0.5501 

30 0.2723 0.5497 

35 0.2711 0.5483 

40 0.2606 0.547 

45 0.2599 0.5443 

50 0.2586 0.5423 

55 0.2562 0.5418 

60 0.2566 0.5402 

From the results shown in the table above, it becomes clear 

that the Schiff base complex has good stability and with an 

accepted error of ≤5%. 

5. Summary of all Optimum Conditions. 

After studying the optimum conditions for the proposed 

method, a summary of these conditions, which have been 

installed, was included in Table 8. 

Table 8. The Optimum Conditions of the Method. 

Variables The optimum conditions 

pH Acidic 
Type and amount of acid (Conc.). H2SO4, 0.6 ml 

Amount of SSA reagent (10%). 0.5 ml 

ƛmax (nm) 405 

Medium of reaction. Ethanol 

5.1. Final Absorption Spectrum 

After completing the study of optimum conditions, the 

final absorption spectrum was studied by preparing a solution 

containing 1 ml of an R-NICS in a volumetric flask of 5 ml 

and adding to it 0.5 ml of the SSA reagent (10%), then 0.6 ml 

of concentrated sulfuric acid, after waiting for 15 minute 

complete the volume to the mark with absolute ethanol. A 

spectral scan of 350-700 nm was taken, and the results were 

as shown in Figure 6. 

 

Figure 6. Spectrum of NICS-AAS (Schiff base):(A  ) Sample versus distilled 

water. (B) Sample versus blank.(C) Blank versus distilled water. 

5.2. Accuracy and Precision 

The values of the relative error and the relative standard 

deviation were calculated for three different concentrations of 

R-NICS by three readings for each of them, and the results 

were as in Table 9. 

Table 9. Calculations of accuracy and precision values of standard NICS. 

Sample 
Amount 

taken, µg 
Recovery* RE% RSD% 

Standard 

niclosamide 

solution (100µg/ml) 

20 103.60 +3.603 0.890 

50 102.99 +2.995 3.151 

100 100.90 +0.896 1.495 

* Average of three determinations. 

It becomes clear from the results in Table 9 that the 

proposed method for determining NICS can be applied 

successfully. Whereas, the values of ER %, which expresses 

accuracy, and RSD%, which expresses precision, are less 

than ± 5%, so the method is accurate and precise. 

5.3. Application Part 

The application of the suggested method was performed on 

tablet form of NICS (Yomesan). Two series of 5-ml 

volumetric flasks were prepared, and different quantities of 

standard R-NICS solution (0 -100 µg) were added to the 

flasks and then added 0.25 ml of the R-NICS drug standard 

solution (100 µg. ml
-1

) to each flask of the first series, as well 

as 0.5 ml of the r R-NICS drug standard solution for each 

flask of the second series then added to each of the two series 

flasks 0.5 ml of SSA reagent (10%) and 0.6 ml of 

concentrated sulfuric acid and then, after waiting for 15 

minutes, the volumes of these flasks were completed to the 

mark with absolute ethanol and the absorbance was measured 

against the blank solution at the wavelength of 405 nm. (see 

Figure 7). 

From the two straight-line equations in Figure 4, the 

recovery values, the relative error, and the relative standard 

deviation of the pharmaceutical preparation (tablets) under 
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study were calculated and for three repeated solutions for 

each of the two previously mentioned concentrations of R-

NICS (25 and 50 µg), the results were as in Table 10. 

 
Figure 7. Standard addition plot. 

Table 10. Calculations of accuracy and precision values of tablets. 

Drug 
Amount 

taken, µg 
Recovery* RE% RSD% 

Yomesan/tablet 

(100µg) 

25 101.70 1.70 3.67 

50 101.98 1.98 3.17 

* Average of three determinations. 

Through the results in Table 10, we can observe the 

accomplishment of the proposed method for estimating NICS 

in its pharmaceutical preparation (Yomesan/tablet), as the 

recovery values, RSD%, and RE % are within the analytical 

permissible values. 

5.4. Comparison of the Methods Used in Determination of 

NICS 

Comparison of some of the analytical parameters of the 

proposed method for determination of NICS with the same of 

other methods. The results as shown in Table 11. 

Table 11. Comparison of some analytical parameter of methods used in determination of NICS. 

Analytical Parameter Present method Literature method(17) Literature method(16) 

Type of reaction Schiff's base Schiff's base Diazotization 

maxƛ  (nm) 405 454 456 

Reagent Salicylaldehyde p-N,N- dimethylaminobenzaldehyde 2,6-Dihydroxybenzoic acid 

Color Yellow Yellow Yellow 

Molar absorptivity (L.mole-1.cm-1) 8.701×103 3.369×104 2.36×104 

Sandell's sensitivity (µg/cm2) 0.0376 0.0097 0.0139 

Range of determination (µg. ml-1) 4.0 - 30 1.0 - 17 0.5 - 30 

Determination coefficient 0.9983 0.9984 0.9995 

Medium of reaction. Ethanol Methanol Aqueous 

pH Acidic Acidic Basic 

RSD% 0.890 – 3.151 0.205 - 0.616 ________ 

Application of the method 
Pharmaceutical preparation 

(tablets) 

Pharmaceutical and veterinary 

preparations 

Pharmaceutical preparation 

(tablets) 

 

Through the results shown in Table 11, we conclude that 

the proposed method is no less important in terms of 

sensitivity and good acceptability for application in the 

determination of NICS in pharmaceutical formulation 

(Tablet). 

6. Conclusions 

Through the results obtained and proven above, we 

conclude the possibility of applying the proposed method for 

spectrophotometric determination of NICS in its 

pharmaceutical formulation (Yomesan tablets) and with its 

satisfactory results after reducing the NICS and then 

condensation with the SSA reagent to form a yellow Schiff 

base solution, the intensity is proportional to the 

concentration of NICS in the Yomesan tablets. 
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