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Abstract 

Two simple, sensitive, and economical indirect spectrophotometric methods were developed for 
the determination of levofloxacin (LEVX) in the pure form and pharmaceutical preparations. The 
first proposed method (A) involved oxidation of LEVX using an excess amount of N-
bromosuccinimide (NBS) under acidic 209conditions. Once the reaction was complete, the 
residual NBS was determined by shortening the color of Orange G (OG) dye, with the absorbance 
of the remaining dye measured at 476 nm. The second proposed method (B) is also based on the 
oxidation of LEVX using a fixed excess amount of NBS in an acidic environment. The excess 
NBS then reacts with p-Anisidine (P-AN), producing a violet-coloured brominated product. The 
intensity of the resulting colour, measured at 518 nm, is inversely proportional to the amount of 
LEVX present in the sample. Linear calibration curves were obtained for both methods within the 
concentration ranges of,0.5 – 10.5 and 1.0 – 15.0 µg.mL-1, respectively, with correlation 
coefficients of 0.9990 and 0.9992. The molar absorptivity values were 4.17×104 and 2.92×104 

L.mol-1.cm-1 for methods A and B, respectively. Whereas, Sandell’s sensitivity index values were 
0.00867 and 0.0123 μg.cm-2, respectively. The limits of detection (LOD) were 0.014 and 0.46 
μg.mL-1, and the limits of quantification (LOQ)were 0.12 and 0.40 μg.mL-1 for methods A and B, 
respectively. The proposed methods were effectively used to estimate LEVX in available dosage 
forms, and their validity was confirmed through a recovery study using the standard addition 
method. 
 

Keywords: Levofloxacin, Spectrophotometric, N-Bromosuccinimide, Orange  G, P-
Anisidine. 
 

Introduction 
 
The IUPAC name of Levofloxacin (LEVX) 
is(−) -(S)-9-fluoro 2,3-dihydro-3-methyl-10-
(4-ethyl-1-piperazinyl) -7 -oxo -7H-
pyrido[1,2,3-de]-1,4-benzoxazine,-6-
carboxylic acid. It is a translucent powder 
with an off-white to yellow color and no 
smell. It is soluble in water and methanol to a 
limited extent [1]. Chemical composition of 
LEVX is shown in the following structure [2]. 

 
 

Levofloxacin(C18H20FN3O4)  M.Wt = 361.373 g/mol 

Cross Mark
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 One of the second-generation synthetic 
fluoroquinolones, referred to as respiratory 
quinolones, is an L-isomer of LEVX [3]. It 
exhibits a wide range of bactericidal efficacy 
against gram-positive and gram-negative 
aerobes [4], and demonstrates a greater 
tendency to migrate in the direction of gram-
positive bacteria and a lesser one toward 
gram-negative ones [5]. It prevents bacterial 
DNA gyrase from supercoiling, and the 
aforementioned mechanisms are what cause 
the bacteria to die [6]. LEVX is used to treat a 
variety of conditions, including conjunctivitis, 
chronic prostatitis, bacterial sinusitis, chronic 
bronchitis, mastitis, abdominal infections, 
gastroenteritis, local infections, and acute 
pyelitis [7]. It is a key medication for treating 
multidrug-resistant tuberculosis [8]. Given the 
medical importance and widespread use of 
LEVX, a number of analytical procedures are 
available for its determination in dosage forms 
and biological fluids using different 
techniques reported in scientific literature, 
including spectrophotometric [9-17], 
electrochemical [18-21], and HPLC methods 
[22-25].   
 

Most of the procedures mentioned 
require expensive equipment and skilled 
operations. This research aimed to develop 
two rapid, accurate, and sensitive 
spectroscopic methods for the determination 
of LEVX in pure form and pharmaceutical 
preparations. These methods rely on the 
oxidation of LEVX by excess NBS and then 
estimating the remaining NBS in two different 
ways using the OG dye and P-AN reagent.  
 
Materials and Methods 
Chemicals and reagents 
 

In this study, high-purity materials 
supplied by Fluka (Burlington, Massachusetts, 
United States) and LCH Sweden AB 
(Stockholm, Sweden) Institutions, with a 
purity of not less than 98% (central supply) 

were used. Levofloxacin was purchased from 
SDI (Samarra Pharmaceutical Company, 
Iraq). 
 
Stock solution of LEVX 1000 μg.mL-1 
 

The stock solution was prepared by 
dissolving 0.10 g of pure LEVX in a sufficient 
quantity of water with shaking, then diluted to 
100 mL with distilled water in a volumetric 
flask. The working solution 50 μg.mL-1 
(1.38×10-4 M) was obtained from diluting 5 
mL of stock solution to 100 mL of distilled 
water for method A, and a working solution 
(100 μg.mL-1) (2.76×10-4 M) was prepared by 
diluting 10 mL of stock solution to 100 mL of 
distilled water for method B. 
 
Stock solution of N-bromosuccinamide 
(NBS)1000 μg.mL-1 
 

The stock solution was prepared by 
dissolving 0.10 g of NBS in distilled water 
and diluted to 100 mL with distilled water in a 
volumetric flask. The working solution 400 
μg.mL-1 used in method A was obtained by 
diluting 40 mL of stock solution to 100 mL of 
distilled water, and the working solution 800 
μg.mL-1 used in method B was obtained by 
diluting 80 mL of stock solution to 100 mL of 
distilled water. 

 
Orange G (OG) solution 500 μg.mL-1 (1.1 
×10-3 mol.L-1) 
 

OG solution was prepared by 
dissolving 0.05 g of dye in 10 mL of distilled 
water with shaking and diluting to 100 mL 
with distilled water using a volumetric flask. 

 
Hydrochloric acid 0.1 mol.L-1 
 

It was prepared by diluting 0.847 mL 
of concentrated hydrochloric acid ( 11.8 M) to 
100 mL with distilled water using a 
volumetric flask. 
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P-Anisidine (P-AN) solution 800 μg.mL-1 
(1.1 ×10-3 M) 
 

P-AN solution was prepared by 
dissolving 0.08 g of powder in distilled water 
and diluting to 100 mL with distilled water 
using a volumetric flask. 

 
Acetic acid stock solution 0.1 M 
 

The stock solution was prepared by 
diluting 0.57 mL of concentrated acetic acid 
17.4( M) to 100 mL with distilled water using 

a volumetric flask.  
 

Pharmaceutical solutions 
Tablet solution (100 µg.mL-1) 
 

10 Levosol therapeutic tablets (each 
tablet contains 500 mg of LEVX) were 
weighed carefully (7.0988 g), provided by 
Pharma Solution LLC – Jordan. Then it was 
ground and mixed well, and took 0.0142 g, 
which was equivalent to 0.01g of the pure 
compound dissolved in 30 mL of distilled 
water, then filtered and transferred to a 100 
mL volumetric flask, and the volume was 
filled with distilled water up to the mark. 

 
Intravenous solution (100 µg.mL-1) 
 

This solution was prepared by 
withdrawing 2 mL of Levoneer intravenous 
solution (Each 100 mL vial contains 500 mg 

of LEVX) supplied by PIONEER 
Pharmaceutical Industries – Iraq, and 
transferred to a 100 mL volumetric flask and 
filled with distilled water up to the mark and 
then stored in a dark place. 

 
Apparatus 
 

All absorption spectra and the 
measurements of absorbance were done by 
using a SHIMADZU – UV1900i double-beam 
UV-vis spectrophotometer – Japan with 1.0-
cm quartz cells. Sensitive balance model Kern 
& Sohn analytical balance ABS 120-4N –
Germany, was used to measure the weight. A 
BP3001 pH meter (professional) was used to 
measure the pH value. 
 
Results and Discussion 
Method A 
 

The principle of the proposed method 
and the suggested chemical reaction is based 
on two steps. The first step includes oxidation 
of LEVX using an excess of the oxidizing 
agent NBS in acidic (HCl) medium, shown in 
Scheme 1 [26,27]. 

 
Whereas in the second step, a (fixed) amount 
of OG dye was oxidized by unreacted NBS to 
a colorless product. Finally, the remaining 
amount of dye was measured at 476 nm, 
which is proportional to the concentration of 
LEVX as shown in Scheme 2. 

 

Scheme 1 
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Scheme 2 

 
Optimum Reaction Conditions 
 
The following experiments were conducted in 
10 mL volumetric flasks with 1 mL of LEVX 
working solution  (50 µg.mL-1) and measuring 
OG dye absorption at 476 nm. 
 
Amount of OG dye 
 

To obtain the amount of OG dye that 
can be used in determining LEVX, and which 
follows Beer's law, increasing amounts of 500 
µg.mL-1 OG dye solution was added to a 
series of 10 mL volumetric bottles containing 
1 mL of 0.1 M HCl. The volume was 
supplemented to the mark with distilled water 
and the absorbance was measured at 476 nm. 
The standard curve, as shown in Fig. 1, shows 
that 1.0 mL of 400 µg.mL-1 of dye was the 
best volume that provided high absorbance 
within the linear relationship. 
 

 
 
Figure 1. Selection of the best amount of OG dye 

Selection of an oxidant agent 
 

To find the best oxidizing agent, 1 mL 
of available oxidizing agents that decolorized 
OG dye (N-bromosuccinamid, Sodium 
periodate, Potassium iodate, and Potassium 
dichromate) with conc. 400 μg.mL-1 of each 
one into a 10 mL volumetric flask, which 
contains 500 μg OG dye and 1 mL of 0.1 M 
HCl, then the volume was completed to the 
mark with distilled water and the absorbance 
was measured at 476 nm. Fig. 2 shows that 
NBS provides the best results, so it was 
chosen in the subsequent experiments. 
 

 
 
Figure 2. Overlaid UV-visible spectrum of various oxidizing 
agents 
 
Amount of oxidant agent 
 

The amount of NBS was studied by 
varying the volume of NBS solution (400 
μg.mL-1) while other parameters were kept 
constant in a series of 10 mL volumetric 
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flasks. It was found that 0.8 mL of 400   
μg.mL-1 NBS solution was sufficient to 
completely ablate 500 μg of OG dye, so this 
amount was kept constant in subsequent 
experiments. 

 
Effect of acidity 
 

This study was carried out using 
different types of strong and weak acids and 
monitored the extent of their effect on the 
oxidation of LEVX and palace the color of the 
dye. By adding 1.0 mL of these acids at a 
concentration of 0.1 M, the results obtained 
showed that hydrochloric acid gave the best 
absorption value. Therefore, this acid was 
used in subsequent experiments. 
 
Effect of the volume of hydrochloric acid 
 

The volume of hydrochloric acid (0.2 
to 1.2 mL) needed to complete the oxidation 
process and bleach the color of the dye was 
studied and the results are shown in Table 1. It 
was observed that using 1.0 mL of 0.1M 
hydrochloric acid was the optimal volume, so 
it was adopted in subsequent experiments. 
 
Table 1. Effect of the volume of hydrochloric acid on absorbance. 
 

R2 Absorbance/µg.mL-1 of LEVX mL of 
0.1M HCl 10 5 2 1 

.95670 0.339 0.237 0.136 0.068 0.2 
0.9867 0.473 0.291 0.169 0.088 0.5 
0.9969 0.698 0.385 0.193 0.095 0.8 
0.9981 0.828 0.421 0.213 0.104 1.0 
0.9975 0.809 0.402 0.206 0.101 1.2 

 
Effect of oxidation time 
 

In this study, the time required to 
oxidize 50 µg of LEVX was evaluated by 
waiting for different periods after adding the 
oxidizing agent with hydrochloric acid and 
before adding the dye, as well as waiting for 
different periods after adding the dye and 
before diluting with distilled water to the 
mark, to complete the dye oxidation process. 
The obtained results showed that the time 
required to oxidize the LEVX was 3 min, and 

the time required to complete the oxidation of 
the dye was 5 min. 
 
Effect of temperature and stability 
 

The stability of the absorption value of 
the reaction product was studied at different 
temperatures, i.e., 5, 25, and 40 ⸰C. It was 
found that the absorption was constant for 40 
min at room temperature (25±2 ⸰C). 
 
Effect of surfactants 
 

 This study was conducted to 
determine the effect of adding different types 
of surfactants (neutral, negative, and positive) 
on dye absorption by adding different volumes 
of these agents to the reaction components, 
and the results are listed in Table 2. From 
observing the results, it was found that adding 
surfactants did not give positive results, but 
rather decreased the absorption values of the 
colored product, so surfactant use in 
subsequent experiments was excluded. 
 
Table 2. Effect of surfactants on absorbance. 
 

Absorbance/mL of surfactants Surfactants 
3 2 1 0.5 Without 

0.508 0.507 0.510 0.518 

0.524 

TritonX-100 (1%) 
0.516 0.519 0.520 0.511 SDS (1×10-3 M) 
Turbid Turbid Turbid Turbid CPC (1×10-3 M) 
Turbid Turbid Turbid Turbid CTAB (1×10-3 M) 

 
Table 3. Effect of sequence of additions on absorption of the 
colored product. 
 

Absorbance Reaction component * Sequence order 
0.525 H+OX+L+OG Primary I 
0.539 L+H+OX+OG II 
0.522 L+OX+H+OG III 
0.421 OX+L+H+OG IV 
0.285 L+OX+OG+H V 

* Hydrochloric acid (H), NBS (OX), Levofloxacin (L), Orange G dye 
(OG) 

 
Effect of organic solvents 
 

 The effect of using a number of 
organic solvents for dilution on dye adsorption 
was studied under the optimum conditions 
previously determined. The results in Fig. 3 



Pak. J. Anal. Environ. Chem. Vol. 26, No. 2 (2025) 214 

show that both water and ethanol gave 
excellent results. In this study, water was 
chosen as the solvent for the proposed method 
because it is readily available, safe, and 
inexpensive. 
 

 
 
Figure 3. Effect of solvents on dye absorption 
 
Final absorption spectrum 
 

Under optimal conditions for the 
suggested method, 50 and 100 µg of LEVX 
were used in a 10 mL volumetric flask, then 
the rest of the ingredients were added 
according to the proposed method and the 
volume was supplemented with distilled water 
to the mark. The absorption spectrum of the 
resulting solutions was taken against the blank 
solution that gave the highest absorption value 
at the wavelength of 476 nm. It was noted that 
the blank solution gave the lowest absorption 
at the same wavelength (Fig. 4). 

 

 
 
Figure 4. Absorption spectrum of two concentrations of LEVX 
according to the proposed method 

Approved working method and standard 
curve 
 

A standard curve for the determination 
of LEVX was prepared by adding increasing 
volumes of LEVX solution (50 µg.mL-1) to a 
series of 10 mL volumetric vials to cover the 
range of concentration (0.1-20 µg.mL-1) under 
optimized parameters. Fig. 5 represents the 
standard curve for the determination of LEVX 
that follows Beer's law in the concentration 
range (0.5 - 10.5 µg.mL-1). The higher 
concentrations gave a negative deviation. The 
molar absorption-coefficient value was equal 
to 4.17× 104 L.mol-1.cm-1and the Sandell's 
index value was 0.00867 µg.cm-2. 
 

 

 
 
Figure 5. Standard curve for the determination of LEVX (method 
A) 
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Accuracy and Precision 
 

The accuracy and precision of the 
proposed method were verified using two 
different concentrations of LEVX (3 and 6 
μg.mL-1) by preparing five samples of each. 
The recovery values were ranged between 
98.16 - 98.33%, with relative errors between -
1.84 ̶-1.67%, and relative standard deviations 
ranging from 0.845 - 1.208%. These results 
indicate that the developed method has good 
accuracy and agreement, and thus it can be 
adopted for the estimation of LEVX in 
pharmaceutical preparations. 

 
Effect of Additives 
 

To evaluate the selectivity of the 
method and its potential application to various 
pharmaceutical preparations, the effect of 
some substances used as additives (Starch, 
Glucose, Arabic gum, Sucrose, and Lactose) 
on absorption was studied. This was carried 

out by adding different quantities (20, 40, 100, 
200 μg) of each additive to 1 mL of LEVX 
solution (50 µg.mL-1), following the 
developed procedure. It was noted that these 
additives had no effect on the recovery rate of 
LEVX, indicating the method’s efficiency, 
selectivity and suitability for pharmaceutical 
applications. 
 
Application of Method A 
 

The proposed method for the 
estimation of LEVX in pharmaceutical 
preparations was applied using two different 
concentrations (4 and 8 µg.mL-1) from two 
different preparations (tablets and intravenous 
solution) from different origins. The accuracy 
and compatibility of the method were 
examined by calculating the error. The relative 
standard deviation and the recovery 
percentage shown in Table 4 prove the success 
of the developed method for LEVX 
determination in pharmaceutical preparations. 

 
 
Table 4. Results of application of method A on pharmaceuticals. 

 

t-test RSD 
%* 

RE 
%* Recovery % 

Measured amount  
of LEVX 
µg.mL-1 

Present amount  
of LEVX 
µg.mL-1 

Pharmaceutical preparations 
of LEVX 

2.08 0.681 -3.25 96.75 3.87 4 

Levosol tablets 
500mg/Tab. 

Pharma solution -Jordan 

1.94 1.092 -2.63 97.37 7.79 8 

2.39 0.884 -2.25 97.75 3.91 4 

Levoneer, infusion solution 
500mg/100 mL 

PIONEER -IRAQ 

2.41 0.904 -0.75 99.25 7.94 8 

*Average of five determinations 
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Evaluation of the selectivity of the proposed 
method 
 

The standard addition method [28] was 
applied to assess the selectivity of the 
proposed method for determining LEVX in its 
pharmaceutical preparations (therapeutic 
tablets and intravenous solutions). Two 
different concentrations (3 and 6 μg.mL-1) of 
each of the androgenic preparations were 
tested.  
 

 

 
 
Figure 6. Standard addition curves according to method A 

 

The results, shown in Fig. 6 and Table 
5, demonstrate strong agreement between the 
standard addition method and the proposed 
method for the determination of LEVX in 
pharmaceutical preparations. 
 

 
Table 5. Results of the standard additions method for method A. 

 

Recove
ry % 

Measured 
amount of 

LEVX 
µg.mL-1 

Taken 
amount of 

LEVX 
   µg.mL-1 

Pharmaceutical 
preparation 

95.66 2.87 3 Levosol tablets 

500 mg/Tab. 

Pharma solution-

Jordan 
96.33 5.78 6 

98.0 2.94 3 

Levoneer, infusion 

solution 

500 mg/100 mL 

PIONEER-IRAQ 97.83 5.87 6 

 
Method B 
 

The principle of the proposed method 
and the suggested chemical reaction is based 
on two steps. The first step includes oxidation 
of LEVX using an excess amount of the 
oxidizing agent NBS in acetic acid medium as 
in Scheme 3 [27]. 
 
 In a second step, the unreacted NBS was 
reacted with P-AN to produce a colored 
solution, which is inversely proportional to the 
amount of LEVX present in the sample. 
Finally, the absorbance of the colored solution 
was measured at 518 nm as in Scheme 4. 
 

 

LEVX
NBS

(excess)

H+

+

NBS
(unreacted)

N

F

N

COOH

ON
H3C

O

H
CH3

Br +N

COOHF

N

O

O

N CH3

HH3C

+

Oxidized LEVX
 

Scheme 3 
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+

NBS
(unreacted)

P-AN

NH2H3CO Colored product

 
Scheme 4 

 
Optimum reaction conditions 
 

The following experiments were 
conducted in a 20 mL volumetric flask with 2 
mL of LEVX working solution 50 µg.mL-1 
and measured the absorbance of colored 
product at 518 nm by reversing the positions 
of the cells in the device to obtain a positive 
absorbance value that is directly proportional 
to the amount of LEVX in the sample. 
 
Effect of acidic medium, concentration and 
volume 
 

In this study, 1.0 mL of each of the 
available acids was used at a concentration of 
0.1 M (Acetic acid, Phosphoric acid, 
Sulphuric acid, Nitric acid, and Hydrochloric 
acid) that provided the pH values at 4.12, 
3.81, 2.33, 2.47, and 2.56, respectively. The 
experimental results showed that acetic acid 
was the best acid because it showed the 
highest absorption value. Later, the effect of 
acetic acid concentration was checked from 
0.005 – 0.05 M with a volume of 1 mL for 
each concentration. The experimental 
absorption values showed that 0.01 M showed 
the highest value of absorption at 518 nm. 
After that, different volumes (0.5, 1, 1.5, 2, 
and 2.5 mL) of optimized concentration 0.01 
M were evaluated and found that 1.0 mL of 
acetic acid was optimal, so it was relied upon 
for subsequent experiments. 

 
Selection of the oxidizing agent 
 

The goal of studying the oxidizing 
agents was to obtain the best colored product. 

A number of available oxidizing agents were 
used, namely NBS, N-chlorosuccinimide 
(NCS), potassium periodate (KIO4), potassium 
iodate (KIO3), and potassium dichromate 
(K2Cr2O7). Added 1 mL of each at a 
concentration of 500 µg.mL-1 to 20 mL 
volumetric bottles containing 1 mL of 0.01 M 
acetic acid and 1 mL of LEVX solution (50 
µg.mL-1), then waited for 5 min and added 3 
mL of P-AN at a concentration of 500 µg.mL-

1 and left the solution for 5 min. The spectrum 
curves were measured against the blank 
solutions, and the results showed that the NBS 
was a better oxidizing agent with higher 
absorbance at 518 nm, so it was chosen in 
subsequent experiments, as shown in Fig.7. 
 

 
 
Figure 7. Overlaid UV-visible spectrum of various oxidizing 
agents 
 
Effect of concentration and amount of NBS 
 

The effect of different concentrations 
of NBS solution (200 – 900 μg.mL-1)was 
studied, and the results showed that the best 
conc. was 800 µg.mL-1 to get the best 
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absorbance value. Then different volumes (1-5 
mL) of the selected concentration were 
checked, and the results showed that 3 mL of 
NBS gives the best value of absorbance, so it 
was adopted within the working method. 

 
Effect of concentration and amount of P-AN 
reagent 
 

In this experiment, 3 mL of different 
concentrations of P-AN (400 – 1000 μg.mL-1) 
were used against 3 mL of 800 μg.mL-1 NBS 
and the results showed that the best 
concentration was 800 μg.mL-1. After that 
tested different volumes (1-7 mL)of this 
concentration under the same conditions, and 
the results showed that 5 mL of 800 μg.mL-1 

P-AN was suitable to give good absorbance 
variations for the reaction result. 
 
Effect of time on the oxidation reaction 
 

To obtain complete oxidation of the 
LEVX, wait for different periods after adding 
the oxidizing agent (NBS) and before adding 
the addition of P-AN. The appropriate time 
was also fixed to complete the reaction of the 
remaining NBS with P-AN. By waiting for 
periods of time after adding the reagent, Table 
6 shows that 3 min was the best time to 
completely oxidize LEVX, and 1 min was the 
appropriate time to complete the reaction 
between NBS and P-AN. 
 
Table 6. Effect of time on oxidation reaction and product 
formation. 
 

Absorbance/Standing time after addition P-
AN and before dilution, min. 

Standing 
time before 
addition of 

P-Anisidine, 
min. 

4 3 2 1 Immediately 

0.313 0.312 0.313 0.314 0.301 Immediately 

0.323 0.323 0.324 0.325 0.321 1 

0.354 0.355 0.354 0.356 0.352 2 

0.366 0.368 0.367 0.368 0.354 3 

0.353 0.352 0.354 0.355 0.348 4 

0.350 0.352 0.351 0.348 0.344 5 

Effect of temperature and the stability of the 
product 
 

The effect of temperature on the 
absorption value of the colored product and its 
stability duration was studied at different 
temperatures (10, 25, and 40 °C). The results 
showed that the absorption values remained 
constant for at least 30 min at room 
temperature (25±2 °C), and this period was 
sufficient to perform the necessary 
measurements. 
 
Effect of surfactants on the absorption of the 
colored product 
 

Different types of surfactants were 
used: SDS, CPC, CTAB, and Triton X-100 at 
different concentrations (Table 7), to evaluate 
their effect on the absorbance values of the 
colored product. The results showed that      
the addition of surfactants had no         
positive effect on the absorbance values, and 
some even resulted in a cloudy solution, so 
they were excluded from subsequent 
experiments. 

 
Table 7. Effect of surfactants on the absorption of the colored 
product. 
 

Absorbance/mL of surfactant Surfactants 

3 2 1 0.5 without  

0.348 0.347 0.350 0.358 

0.368 

TritonX-100 (1%) 

0.356 0.359 0.360 0.361 SDS (1×10-3 M) 

Turbid Turbid Turbid Turbid CPC (1×10-3 M) 

Turbid Turbid Turbid Turbid CTAB (1×10-3 M) 

 
Effect of the addition sequence 
 

Several experiments with different 
addition sequences were performed to obtain 
the best absorption value. The results shown 
in Table 8 confirm that reaction components 
of the first addition sequence (I) order gave 
the highest absorption value; therefore, it was 
chosen for subsequent experiments. 
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Table 8. Effect of addition sequence on the absorption of the 
colored product. 
 

Absorbance Reaction component * Sequence order 

0.369 H + LE + OX + R I 

0.356 H + OX + LE + R II 

0.352 LE + OX + H + R III 

0.094 LE + OX + R + H IV 

*LEVX (LE), Acetic acid (H), NBS (OX), P-AN®  
 
Effect of added excipients 
 

Six types of non-pharmaceutical 
additives that we expect to be added when 
manufacturing pharmaceutical preparations 
(starch, gum Arabic, glucose, lactose, sorbitol, 
and sucrose) were studied under optimal 
conditions by adding different amounts of 
these additives and components of the 
proposed method. The results confirmed that 
the presence of these compounds with LEVX 
does not affect the efficiency and selectivity of 
the proposed method when applied to its 
pharmaceutical preparations. 

 
Final absorption spectrum  
 

The proposed method was applied 
under the previously determined optimal 
conditions to two concentrations (5 and 10 
µg.mL-1) of LEVX. Fig. 8 shows the final 
absorption spectrum of the sample compared 
to the blank solution, and also of the blank 
solution compared to distilled water. 

 
 

 
 
Figure 8. Final absorption spectrum of two concentrations of 
LEVX according to method B 

Adopted procedure and calibration curve 
 
 To several 20 mL volumetric flasks 
containing 1.0 mL of 0.01 M acetic acid, 
different volumes of 100 µg.mL-1 LEVX 
standard solution was added within the 
concentration range of 0.5-20 µg.mL-1. The 
calibration graph was linear in the 
concentration range of 1.0 - 15 µg.mL-1. A 
negative deviation from Beer's law was noted 
at concentrations more than 15 µg.mL-1, as is 
evident in Fig. 9. The molar absorption and 
Sandell's index values were calculated and 
equal to 2.92×104 L.mol-1.cm-1 and 0.0123 
g.cm-2, respectively. 
 

 

 
 
Figure 9. Standard curve for determination of LEVX (method B) 
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Accuracy and precision 
 

Using two different concentrations (5 
and 10 μg.mL) of LEVX, the accuracy and 
precision of the proposed method were 
verified by preparing five samples of each 
concentration. The recovery percentage values 
ranged between 99.6 - 100.2%, with relative 
errors between -0.4 - 0.2%, and the relative 
standard deviations ranging from 0.427 ̶ 0.635 
%. These results indicate that the method has 
acceptable accuracy and reliability. 
 
The nature of the reaction ratio 
 

Under the optimal conditions for the 
method and to determine the reaction ratio 
between LEVX and the oxidizing agent NBS, 
the continuous changes method (Job's method) 
and the molar ratio method were applied [29] 
using equal concentrations of both LEVX and 
NBS at (2.76 × 10- 4 M). The results shown in 
Fig. 10 indicate that the reaction ratio was 1:1 
for LEVX and NBS. 
 

 

 
 
Figure 10. (A) Continuous variation and (B) Mole ratio plots for 
LEVX 
 
Application of method B 
 

The proposed method was applied to 
estimate LEVX in available therapeutic 
preparations (tablets and intravenous solutions 
from different origins) using two different 
concentrations (5 and 10 µg.mL-1). The 
relative standard deviation and recovery (%) 
results listed in Table 9 show that the 
proposed method is successful in estimating 
LEVX in pharmaceutical preparations with an 
acceptable recovery. 

 
Table 9. Results of an application of method B on pharmaceuticals. 
 

t-test RSD 
%* 

RE 
%* Recovery %* Found the amount of 

LEVX µg.mL-1 

Present amount of 
LEVX 

µg.mL-1 

Pharmaceutical 
preparations 

of LEVX 

1.17 1.243 -3.25 97.8 4.89 5 Levosoltablets 
500mg/Tab. 

Pharma solution -Jordan 1.83 0.952 -1.7 98.3 9.83 10 

2.04 0.498 0.4 100.4 5.02 5 Levoneer, infusion solution 
500mg/100 mL 

PIONEER -IRAQ 2.51 0.328 -0.5 99.5 9.95 10 

*Average of five determinations 
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Evaluation of the proposed method by 
standard addition 
 

To prove the selectivity of the 
proposed method for determining LEVX in its 
pharmaceutical preparations (tablets and 
infusion), the standard addition method was 
applied [28]. 
 

 

 
 
Figure 11. Standard addition curves according to method B 
 

Two different concentrations (5 and 8 
µg.mL-1) of each of the preparations were 
tested. The results in Fig.11 and Table 10 
indicate that the standard addition method is 
acceptably compatible with the proposed 
method, and there are no interactions with the 
additives (non-pharmaceuticals) in 
pharmaceutical preparations. 
 
Table 10. Results of the standard additions method for method B. 
 

Recove
ry % 

Measured 
amount of 

LEVX 
µg.mL-1 

Taken 
amount of 

LEVX 
   µg.mL-1 

Pharmaceutical 
preparation 

96.2 4.81 5 
Levosol tablets 

500 mg/Tab. 
Pharma solution-

Jordan 97.37 7.79 8 

102.51 5.12 5 Levoneer, infusion 
solution 

500 mg/100 mL 
PIONEER-IRAQ 100.81 8.06 8 

 
Comparison of proposed methods 
 

The accuracy and sensitivity of the 
proposed methods evaluated through various 
analytical parameters and their application in 
determining LEVX were compared with 
established spectrophotometric methods 
reported in the literature. As shown in Table 
11, the results indicate that the proposed 
methods offer greater sensitivity than the 
previously reported methods. 

 
 
Table 11. Comparison of the proposed methods with other spectroscopic methods. 
 

Literature Present Parameter Method [30] Method [17] Method (B) Method (A) 
Chelating complex Ion-pair formation Oxidation–reduction Oxidation–reduction Type of reaction 

- - NBS NBS Oxidant agent 
Al (III) Bromothymol blue  P-AN OG dye Reagent 

420 420 518 476 λmax(nm) 
Neutral Acidic Acidic Acidic Medium of reaction 
5 – 25 0.5 – 25 1 – 15  0.5 – 10.5 Beer's law range(μg.mL-1) 

11.11 × 104 2.07 × 104 2.9 × 104 4.17 × 104 Molar absorptivity 
(L.mol-1.cm-1) 

0.0033 0.048 0.0123 0.00867 Sandell'ssensitivity 
(µg.cm-2) 

100.83 -101.65 98.8–102.7 97.8 – 100.4  96.75 -99.25 Recovery (%) 
<4.95 <2.03 <1.3 < 1.5 RSD% 
0.009 0.101 0.12 0.014 LOD (μg.mL-1) 
0.25 0.303 0.40 0.046 LOQ (μg.mL-1) 

0.9993 0.9970 0.9992 0.9992 R2 

Infusion Tablets and infusion Tablets and intravenous 
solution 

Tablets and intravenous 
solution Application 
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Conclusion 
 

Two indirect spectrophotometric 
methods were developed for the assay of 
LEVX in pharmaceutical formulations, each 
method characterized by its simplicity, fast, 
inexpensive, and sensitivity. The first method 
(A) relies on the oxidation of LEVX using 
excess NBS in acidic medium. The unreacted 
NBS was then estimated using a fixed amount 
of OG dye, and the remaining dye’s 
absorbance was measured at 476 nm. In 
method B, LEVX reacts of with an excess 
NBS in an acetic acid medium. The unreacted 
NBS subsequently reacted with P-AN, 
produce a colored solution (inversely 
proportional to the concentration of LEVS) 
whose absorbance was measured at 518 nm. 
Both methods proved to be easy and effective 
for analyzing pharmaceutical formulations, 
and their results were compatible with the 
standard method of addition. 

 
Acknowledgment 
 

The authors wish to thank the 
Department of Chemistry, College of Science, 
University of Mosul, for providing access to 
instrumentation and for facilitating research 
work. 

 
Conflict of Interest 
 

The authors have no conflict of 
interest. 

 
References 
 
1. WHO. World Health Organization, 

Working document (2019), 
QAS/17.717/Rev1. 
https://apps.who.int/iris/bitstream/handle
/10665/324835/9789241565707-eng.pdf 

2. Drugbank online, Chemical Structure 
Search (2021). 

https://go.drugbank.com/structures/searc
h/small_molecule_drugs/structure. 

3. J.W.F. van Mil, S.C. Sweetman (Ed): 
The Martindale, the complete drug 
reference, 37th edn. Int. J. Clin. Pharm., 
33 (2011) 876.  
https://link.springer.com/article/10.1007/
s11096-011-9543-9 

4. I. Hayakawa, S. Atarashi, S. Yokohama, 
M. Imamura, K. L. Sakano and M. 
Furukawa, Antimicrob. Agents 
Chemother., 29 (1986) 163.  
https://doi.org/10.1128/AAC.29.1.163 

5. N.Asseray, C.Bourigault, D. Boutoille, 
L.Happi, S.Touchais, S. Corvecand and 
D. Navas, Int. J. Antimicrob. Agents, 47 
(2016) 478.  
https://doi.org/10.1016/j.ijantimicag.201
6.03.003 

6. I. Nakayama and E. Yamaji, Anaerobe, 9 
(2003) 71. 
https://doi.org/10.1016/S1075-9964(03) 
00031-3. 

7. A.C. Moffat, M.D. Osselton and B. 
Widdop, Clarke’s Analysis of Drugs and 
Poisons(Pharmaceutical Press, London) 
3rd Edition (2004) 736.  
https://doi.org/10.1080/10915810500527093 

8. S. Ghimire, B. Maharjan, E.M. 
Jongedijk, J.G. Kosterink, G.R. Ghimire, 
D.J. Touw,S. Tjip van der Werf, B. 
Shrestha and C. J. Alffenaar. 
Antimicrob. Agents Chemother., 63 
(2019) 10.  
https://doi.org/10.1128/aac.02379-18. 

9. A. Czyrski, Spectrochim. Acta Part A: 
Mol. Biomol. Spectrosc., 265 (2022) 
120343. 
 https://doi.org/10.1016/j.saa.2021.120343 

10. M.M.A. Talpur, T. Pirzada and M.A. 
Arain, J. Chem. Soc. Pak., 42 (2020) 
679. 
https://doi.org/10.52568/000687 

11. K.H. Elgendy, M. Zaky,  A.M.M. 
Altorky and S. Fadel, BMC Chem., 18 
(2024) 115.   



Pak. J. Anal. Environ. Chem. Vol. 26, No. 2 (2025) 223 

https://doi.org/10.1186/s13065-024-
01193-4. 

12. S.M. Derayea, Y.F. Hassan, M.A. 
Hammad, Y.M. Alahmadi, M.A. Omar 
and E.Samir, Spectrochim. Acta Part A: 
Mol. Biomol. Spectrosc., 292 (2023) 
122399. 
https://doi.org/10.1016/j.saa.2023.122399 

13. A. F. Osman, Res. Square, Posted 25 
Apr, (2023). 
https://doi.org/10.21203/rs.3.rs-2455969/ v2. 

14. M.S. El-Hamshary, R.S. Hanafi, M.A. 
Fouad, H.S. Al-Easa and S.M. El-
Moghazy, J. Iran. Chem Soc.,18 (2021) 
1825. 
doi: 10.1007/s13738-021-02162. 

15. T. D. Nguyen, H. B. Le, T. O. Dong and 
T. D. Pham, J. Anal. Method. Chem., 
1 (2018) 8436948. 
 https://doi.org/10.1155/2018/8436948 

16. M. Ravi, T. Veeraiah and V. R. Reddy, 
J. Pharm. Sci. Res., 14 (2022) 901. 

17. M. Gülfen and Y. Canbaz, Pak. J. Anal. 
Environ. Chem., 21 (2020) 34.  
https://doi.org/10.21743/pjaec/2020.06.0
5. 

18. G. Tigari, J.G. Manjunatha, E.D. Souza, 
C. Raril, N. Hareesha and M.M. 
Charithra, Monatshefte für Chemie-
Chemical Monthly, 153 (2022) 311.  
doi:10.1007/s00706-022-02910-2. 

19. Ç. C. Koçak, B. Aslışen, Ş. 
Karabiberoğlu, K.V. Özdokur, A. Aslan 
and S. Koçak, Chem. Select, 7 (2022) 
e202201864. 
https://doi.org/10.1002/slct.202201864 

20. K. Bhimaraya, J.G. Manjunatha, K.P. 
Moulya, A.M.Tighezza, M.D. Albaqami 
and M. Sillanpää, Chemosensors, 11 
(2023) 191. 
https://doi.org/10.3390/chemosensors11
030191 

21. J. Zhou, J. Liu, P. Pan,  T. Li,  Z. Yang, 
J. Wei, P. Li, G. Liu, H. Shen and X. 
Zhang,  J. Mater. Sci: Mater. Electron., 
33 (2022) 9941. 
doi:10.1007/s10854-022-07985-5 

22. E. Sıdıka, E.  Gamze and S. Olcay, 
Bioanalysis,13 (2021) 1063.  
https://doi.org/10.4155/bio-2021-0058 

23. L. Peikova, D. Tzankova, M. 
Smerikarova, S. Balkanski and A. 
Zlatkov, Pharmacia, 69 (2022) 1075.  
doi:10.3897/pharmacia.69.e97779. 

24. I. Maharini, R. Martien and A. K. 
Nugroho, Arab. J. Chem., 15 (2022) 
103582. 
https://doi.org/10.1016/j.arabjc.2021.103
582 

25. S. Sen, R. Bairam, S. Jala, L. 
Dharabonia and R. Konika, Res. J. 
Pharm. Technol., 16 (2023) 2239. 
doi: 10.52711/0974-360X.2023.00368 

26. S. Sun, Z.Wang, Q. Pu, X. Li, Y. Cui, H. 
Yang and Y. Li, Toxics,  12 (2024) 203. 
https://doi.org/10.3390/toxics12030203.
M. A. Hussein and K. M. Omar, Egypt. 
J. Chem., 65 (2022) 207. 
https://doi.org/10.21608/ejchem.2021.79
851.3930 

27. D. C. Harris, Quantitative Chemical 
Analysis (W. H. Freeman and Company 
41 Madison Avenue New York), NY 
10010 (2016) 106. 
https://nhathuocngocanh.com/wp-
content/uploads/2023/09/Harris- 
Quantitative-Chemical-Analysis-8th-
edition-nhathuocngocanh.pdf 

28. R. Delevie,  Principles of Quantitative 
Chemical Analysis (The McGraw-Hill 
Company, Singapore) (1997) 498. 

 https://books.google.com/books/about/Pr
inciples_of_Quantitative_Chemical_Ana
l.html?id=BFcvAQAAIAAJ 

29. A. W. Qassim, Int. J. Dev. Res., 5 (2015) 
4702.  
https://www.journalijdr.com/sites/default
/files/issue-pdf/3377.pdf 

 


