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A simple, sensitive, and cost-effective spectrophotometric method based on the oxidative coupling 
reaction of amiodarone was reported for the determination of amiodarone in pure form and 
pharmaceutical formulations. The method is based on measuring at 622 nm a yellowish-green stable 
chromogenic product formed in the reaction between amiodarone and 2,4-dinitrophenylhydrazine in 
an alkaline medium, with potassium iodate as the oxidizing agent. The main experimental conditions, 
such as reagent concentration, oxidizing agent volume, reaction time, alkaline medium, and order 
of addition, were optimized for the method. Under the optimized parameters, the final product has a 
molar absorptivity of 2.32 × 10⁴ L mol-¹ cm-¹, and the method is linear over the concentration range of  
1.5–30 μg mL-¹, with a correlation coefficient of 0.9932. The limits of detection and quantification are  
1.11 μg mL-¹ and 2.32 μg mL-¹, respectively. The developed method was successfully applied to the 
analysis of pharmaceutical formulations purchased from local pharmacies and demonstrated high 
precision and accuracy, with a relative standard deviation of < 2 % and an average recovery of 101.4 %.
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Introduction
Amiodarone is a widely used antiarrhythmic 

drug for treating and preventing various cardiac 
arrhythmias, including ventricular and supraventricular 
dysrhythmias [1]. The drug was first synthesized in 
the early 1960s and initially used for angina pectoris 
[2]. However, its strong antiarrhythmic properties led 
to broad clinical adoption, despite concerns about 
adverse effects [3]. Amiodarone has a complex 
pharmacokinetic profile and long half-life, resulting in 
a delayed therapeutic effect after oral administration 
[4]. Common side effects include fatigue, nausea, 
tremor, and constipation [5]. In long-term use, it 
may result in more serious complications, such as 
pulmonary toxicity, thyroid dysfunction, hepatotoxicity, 
and peripheral neuropathy, and may affect thyroid 
function and hormone metabolism due to its iodine 
content [6]. Abnormal liver enzyme levels and rare 
hepatic complications, including hepatitis, have also 
been reported in patients receiving prolonged therapy 
[7–9]. Amiodarone is extensively metabolized in the 
liver by cytochrome P450 enzymes and has a very low 
total body clearance and an extremely long terminal 
elimination half-life of 20-100 days [10]. That’s why, 
given its widespread use and the potential risks 
of side effects, developing simple, accurate, and 
sensitive analytical methods for its determination in 
pharmaceutical formulations is essential.

Various analytical methods have been reported 
for the determination of amiodarone and its major 
active metabolite, desethylamiodarone (DEA), 
including high-performance liquid chromatography 
[11–13], spectrophotometric procedures [14], and 
electrochemical techniques [15–17]. Such techniques 
are very effective, with a low limit of detection. 
However, many of them require costly equipment, 
complex sample preparation, or extended analysis 
times. Developing a simple visible spectrophotometric 
method offers an appealing alternative for routine 
pharmaceutical analysis. Rahman et al. developed 
and validated spectrophotometric procedures using 
N-bromosuccinimide and bromothymol blue for the 
determination of amiodarone in dosage forms [14]. El 
Sheikh et al. reported validated spectrophotometric 
methods for the determination of dronedarone 
hydrochloride, a structural analog of amiodarone 
belonging to the same class of antiarrhythmic agents. 
The proposed procedures were based on oxidation 
reactions coupled with spectrophotometric monitoring 
of chromogenic systems and demonstrated satisfactory 
analytical performance over the concentration range 
of 1.0–15.0 μg mL⁻¹ [18]. However, the development 
of alternative spectrophotometric methods using 
different chromogenic and coupling reagents remains 
of considerable interest for routine pharmaceutical 
quality control.
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This study developed a simple and sensitive 
spectrophotometric method for determining 
amiodarone, based on its oxidative coupling reaction 
with 2,4-dinitrophenylhydrazine in an alkaline medium 
with potassium iodate. The method was optimized and 
successfully applied to the analysis of amiodarone in 
pharmaceutical preparations.

Experimental part
Chemicals and Reagents. 2,4-Dinitrophenyl-

hydrazine (2,4-DNPH, ≥ 99 %), potassium iodate 
(KIO₄, ≥ 99.5 %), sodium hydroxide (NaOH, ≥ 98 %), 
and sulfuric acid (H₂SO₄, 98 %) were purchased from 
Merck (Germany). Pure amiodarone standard was 
supplied by the State Company for Drug Industries 
and Medical Appliances (SDI, Samarra, Iraq). All 
chemicals and reagents were used without further 
purification. Distilled water further purified on a Milli-Q 
system was used for the preparation of all solutions. 
Commercial pharmaceutical tablet formulations 
containing amiodarone were purchased from local 
pharmacies.

Apparatus. Absorbance measurements were 
performed using a Shimadzu UV–Vis 1700 double-
beam spectrophotometer with 1 cm quartz cells. 
An analytical balance (ISO LAB, Taiwan) was 
used for weighing all chemicals and reagents. pH 
measurements were performed using a Hanna 
Instruments pH meter (Germany).

Preparation of solutions. A 2,4-Dinitrophenyl-
hydrazine (2,4-DNPH) solution at a concentration 
of 4 × 10⁻³ mol L⁻¹ was prepared by dissolving 0.08 
g of the reagent in 3 mL of concentrated sulfuric acid 
and diluting to 100 mL with water. A stock solution 
containing 1000 μg mL⁻¹ amiodarone was prepared by 
dissolving 0.1 g of pure amiodarone in distilled water 
and diluting to a final volume of 100 mL. Working 
solutions were prepared daily by dilution with distilled 
water.

General analytical procedure. To aliquots of 
amiodarone with appropriate concentrations,  
1.5 mL of 4 × 10⁻³ mol L⁻¹ 2,4-Dinitrophenylhydrazine 
solution and 1.0 mL of 0.1 mol L⁻¹ potassium iodate 
were subsequently added. After that, 0.7 mL of  
1.0 mol L⁻¹ sodium hydroxide solution was added to 
create the alkaline medium. Then, the mixture was 
diluted to a final volume of 10 mL with distilled water 
and allowed to stand for 15 min at room temperature to 
ensure complete color development. The absorbance 
of the resulting yellowish-green chromogenic product 
was measured at 622 nm against a reagent blank 
prepared under identical conditions in the absence of 
amiodarone.

Results and Discussion
Absorption spectrum and reaction mechanism. The 

oxidative coupling reaction between amiodarone and 
2,4-dinitrophenylhydrazine was studied in an alkaline 
medium with potassium iodate as the oxidant. Under 

the optimized conditions, the reaction produced a stable 
yellowish-green chromogenic product with maximum 
absorbance at 622 nm, while the reagent blank 
exhibited negligible absorbance at this wavelength. 
The absorption maximum in the visible region suggests 
that oxidative coupling has produced an extended 
conjugated chromophoric system. The proposed 
reaction mechanism involves the initial oxidation of 
2,4-dinitrophenylhydrazine by potassium iodate in an 
alkaline medium, generating a reactive intermediate 
that couples with amiodarone. The following oxidative 
coupling produces a stable-colored product suitable 
for spectrophotometric quantification. Stoichiometric 
investigations using Job’s continuous variation and 
mole ratio methods confirmed the formation of a 1:1 
reaction product between amiodarone and 2,4-DNPH 
under the selected. 

Optimization of experimental conditions
Effect of 2,4-Dinitrophenylhydrazine concentration. 

The effect of 2,4-DNPH concentration on the oxidative 
coupling reaction was evaluated by varying the reagent 
volume from 0.5 to 4.0 mL, with all other variables held 
constant. As shown in Fig. 1, absorbance increased 
with reagent volume up to 1.5 mL, indicating greater 
formation of the colored product. Beyond 1.5 mL, 
absorbance slightly decreased, likely due to excess 
reagent and partial self-association. Based on these 
results, 1.5 mL of 4 × 10⁻³ mol L⁻¹ 2,4-DNPH was 
chosen as the optimal reagent volume for further 
analyses. 

Fig. 1. Effect of 2,4-DNPH volume on the absorbance 
of the amiodarone–2,4-DNPH oxidative coupling 
product, C2,4-DNPH = 4 × 10⁻³ mol L⁻¹.

Effect of potassium iodate concentration. The 
effect of oxidizing agent concentration was evaluated 
by varying the volume of 0.1 mol L⁻¹ potassium 
iodate solution. The analytical signal increased with 
increasing oxidant volume, reaching a maximum 
absorbance at 1.0 mL of KIO₄, as shown in Fig. 2. 
Above this volume, absorbance gradually decreased, 
likely due to over-oxidation or decomposition of the 
chromogenic reaction product at higher oxidant 
concentrations. Therefore, 1.0 mL of potassium 
iodate solution was selected as the optimal volume of 
oxidizing agent.
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Fig. 2. Effect of potassium iodate (KIO₄) volume on the 
absorbance of the amiodarone–2,4-DNPH oxidative 
coupling product, CKIO₄= 0.1 mol L⁻¹. 

Effect of alkaline medium. The oxidative coupling 
reaction was significantly affected by the choice of 
alkaline medium. Sodium hydroxide, lithium hydroxide, 
and potassium hydroxide were each tested under 
identical conditions. Sodium hydroxide produced 
the highest absorbance and most consistent results. 
Potassium hydroxide caused turbidity, which interfered 
with spectral measurements (Fig.  3). Therefore, 
sodium hydroxide was chosen as the optimal alkaline 
medium for this method.

Fig. 3. Effect of alkaline medium on the absorbance 
of the amiodarone–2,4-DNPH oxidative coupling 
product, Cbase= 0.1 mol L⁻¹.

Effect of reaction time. The effect of reaction 
time on color development and product stability 
was evaluated over the range of 5 to 50 minutes. 
Absorbance increased during the initial stage and 
reached a maximum at approximately 15 minutes. 

It then remained nearly constant, indicating stable 
chromogenic species (Fig.  4). Thus, a 15-minute 
reaction time was selected as optimal for routine 
analysis.

Effect of the order of reagent addition. The order in 
which the reagents were added strongly influenced 
the formation of the oxidative coupling product. As 
summarized in Table 1, the highest absorbance (0.852) 
was obtained when 2,4-dinitrophenylhydrazine was first 
mixed with potassium iodate, then with amiodarone, 
and finally with sodium hydroxide: 2,4-DNPH → KIO₄ 
→ amiodarone → NaOH. This sequence was therefore 
adopted throughout the study to ensure maximum 
sensitivity and reproducibility.

Fig. 4. Effect of reaction time on the absorbance of the 
amiodarone–2,4-DNPH oxidative coupling product.

Analytical performance of the proposed method. 
Under optimized experimental conditions, calibration 
solutions with different amiodarone concentrations 
were treated according to the recommended 
procedure, and absorbance was measured at 
622 nm against the reagent blank. Key analytical 
characteristics of the proposed method, such as 
molar absorptivity, Sandell’s sensitivity, detection 
limit, and quantification limit, are summarized in 
Table 2. The regression equation is y = 0.036x + 
0.012. The correlation coefficient R² is 0.9932. Molar 
absorptivity and Sandell’s sensitivity are 2.32 × 10⁴ L 
mol⁻¹ cm⁻¹ and 0.027 μg cm⁻², respectively. The limits 
of detection (LOD) and quantification (LOQ) are 1.11 
and 2.32 μg mL⁻¹, respectively. A linear relationship 
between absorbance and amiodarone concentration 
was obtained within the range of 1.5–30 μg mL⁻¹. 

Table 1. Effect of the order of reagent addition on the absorbance of the reaction product.

Order number Order of addition Abs.

1 KIO4 + 2,4-DNPH + amiodarone + OH– 0.698

2 2,4-DNPH + KIO4 + amiodarone + OH– 0.852

3 amiodarone + OH– + 2,4-DNPH + KIO4 0.678

4 amiodarone + KIO4 + 2,4-DNPH + OH– 0.385
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Table 2. Analytical characteristics of the proposed 
spectrophotometric method for amiodarone 
determination.

Parameter Value
λmax (nm) 622
Color of product yellowish green
Linearity range (μg mL⁻¹) 1.5–30
Regression equation y = 0.036x + 0.012
Correlation coefficient (R²) 0.9932
Molar absorptivity 
(L mol⁻¹ cm⁻¹) 2.32 × 10⁴

Sandell’s sensitivity 
(μg cm⁻²) 0.027

Limit of detection 
(LOD, μg mL⁻¹) 1.11

Limit of quantification 
(LOQ, μg mL⁻¹) 2.32

Relative standard 
deviation (%) 1.75

Recovery (%) 99.87
Stoichiometric ratio 1:1

Precision and accuracy. The precision and accuracy 
of the developed analytical method were evaluated by 
measuring amiodarone at three concentration levels 
under identical experimental conditions. Precision was 
determined by relative standard deviation (RSD %), 
and accuracy by relative error (E %). The obtained 
RSD % values were lower than 2.1%, which indicates 
satisfactory repeatability and acceptable precision of 
the proposed procedure. Low relative error values 
confirm good accuracy for amiodarone quantification. 
Results are shown in Table 3.

Table 3. Precision and accuracy parameters for the 
determination of amiodarone by the proposed spectro-
photometric method.

Taken 
(μg mL⁻¹)

Found 
(μg mL⁻¹) E (%) RSD (%)

5.0 4.90 −2.10 1.79
10.0 10.11 +1.13 2.05
20.0 20.36 +1.79 1.44

Application to pharmaceutical formulations. 
The proposed spectrophotometric method was 
successfully applied to the determination of 
amiodarone in commercial pharmaceutical tablet 
formulations. Tablet samples were analyzed 
according to the recommended analytical procedure 
under the optimized experimental conditions. As 
shown in Table 4, recoveries ranged from 100.53 to 
102.00 %, demonstrating satisfactory accuracy and 
reliability of the method. The obtained results indicate 
that common tablet excipients did not significantly 

interfere with the determination of amiodarone under 
the selected experimental conditions.

Table 4. Determination of amiodarone in pharma-
ceutical tablet formulations.

Nominal 
concentration 

(μg mL⁻¹)

Found 
concentration 

(μg mL⁻¹)

Recovery 
(%)

RSD 
(%)

5.00 5.08 101.60 2.02
10.00 10.20 102.00 1.95
15.00 15.08 100.53 2.81

Green analytical chemistry assessment. The 
environmental sustainability of the proposed method 
was evaluated using the Analytical GREEnness 
(AGREE) metric, which is based on the 12 principles 
of Green Analytical Chemistry. Results are shown 
in Fig. 5. The AGREE score of 0.71 indicates good 
overall greenness and environmental compatibility 
of the developed analytical procedure. The favorable 
greenness profile can be attributed to several factors, 
including the use of water as the reaction medium, low 
reagent consumption, minimal energy requirements 
associated with UV–Vis spectrophotometric 
measurements, and the absence of organic 
extraction solvents. In addition, the method requires 
simple instrumentation, generates a relatively 
small volume of analytical waste, and can be 
performed within a short analysis time. Although the 
procedure uses an oxidative coupling reaction with 
2,4-dinitrophenylhydrazine and potassium iodate, 
which slightly lowers its greenness score, its overall 
environmental impact is still much lower than that of 
many chromatographic methods that require large 
amounts of organic solvents and complex equipment. 
Therefore, the proposed method can be considered a 
practical, economical, and environmentally acceptable 
alternative for the routine determination of amiodarone 
in pharmaceutical formulations.

Fig. 5. AGREE assessment of the proposed spectro-
photometric method for the determination of 
amiodarone.
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Conclusion
A simple, sensitive, and cost-effective 

spectrophotometric method was developed to 
determine amiodarone via oxidative coupling with 
2,4-dinitrophenylhydrazine in an alkaline medium. The 
method demonstrated good linearity, precision, and 
accuracy across the tested concentration range. It was 
successfully applied to pharmaceutical tablet analysis, 
yielding satisfactory recovery and reproducibility. Its 
simplicity, speed, and low cost make this procedure 
a practical alternative for routine quality control of 
amiodarone in pharmaceutical preparations.
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