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Abstract     

Amlodipine Besylate (AMB) was determined in pharmaceutical and 

biological samples using a continuous-flow injection technique 

characterized by simplicity, rapidity, cost-effectiveness, sensitivity, and a 

broad linear range. This study aims to develop and evaluate a flow 

injection analysis method for the rapid and reliable determination of 

Amlodipine in chemical and biological samples using minute quantities. 

The suggested method is based on the oxidation of the drug with a 

potassium bromide-potassium bromate mixture, followed by reaction with 

crystal violet as a reagent to produce a blue product, the absorbance of 

which was measured at 592 nm. The coefficient of determination  (R2) is 

0.9978, and the calibration curve's linear range is 10-250 μg/mL. The limit 

of detection for the standard was 2.46 μg/mL, the recovery was 99.81%, 

and the relative standard deviation was 2.4%. The proposed method was 

successfully used to estimate AMB in biological and pharmaceutical 

samples. Compared with those obtained using a United States 

Pharmacopeia reference method, the results were favorable, and at the 

95% confidence level, there was no discernible difference in accuracy and 

precision. 

Keywords: Amlodipine Besylate, Crystal violet, Flow injection, Merging 

zone. 
. 

  

1. Introduction 

Amlodipine besylate (AMB), chemically name is 3-ethyl 5-methyl (4RS)-2-[(2 

aminoethoxy)methyl]-4-(2-chlorophenyl)-6-methyl-1,4-dihydropyridine- 3,5 dicarboxylate 

benzene sulphonate
1
. AMB is an antihypertensive calcium channel blocker medication, This 

drug, part of the dihydropyridine class, is a calcium channel blocker that stimulates the arterial 

wall muscular relaxation and lowers blood pressure
2
. The link between stroke and myocardial 

infarction has not been proven yet. It can also be used for dilated cardiomyopathy and shows 

improvements in plasma and myocardial catecholamines while significantly decreasing calcium 

deposition
3
. Research has shown that Amlodipine can induce apoptosis and inhibit cell 

proliferation
4
. Amlodipine is useful for treating unstable (Prinzmetal's) angina because it causes 

vasodilation of the coronary arteries, increasing oxygen delivery to the heart
5
. Several analytical 

methods, including high-performance liquid chromatography (HPLC), were used to estimate 

AMB
6-10

. Mass spectrometry (MS) and gas chromatography (GC) together
11

, liquid 

chromatography
12

, fluorimetry
13

, thin layer chromatography (TLC)
14,15

, spectrophotometry
16-19

, 

hydrophilic interaction thin layer chromatography (HITLC)
20

. Flow injection analysis (FIA) is a 

simple, flexible, rapid technique for chemical analysis. It is considered one of the methods used 

to automate other methods and depends on the chemical and physical properties of the specimen 

region; it is also distinguished by its ability to analyze a large number of samples, its high 

sensitivity to chemical tests, and its high effectiveness
21

. FIA involves injecting the sample into a 

carrier stream, often water. The injected sample creates a zone that moves toward the reagent, 
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resulting in continuous detection of the target analyte
22

. This study aims to develop and evaluate 

an FIA method for the rapid and reliable determination of Amlodipine in chemical and biological 

samples using minute quantities. It also exhibits excellent compatibility with both automated and 

semi-automated analytical processes. 

 

2. Materials and Methods 

2.1. Devices   

UV-VIS spectrophotometer (Shimadzu 1800, Japan), four-channel INNOFLUID LabN1 pump 

(Biobase China), and sensitive balance (Sartorius BL210S, Germany). The FI system consists of 

a Kompensograph C1032 recorder (Sartorius, Germany), Teflon tube 0.5 mm ID, and injection 

valve. 

2.2. Materials  

All chemicals used in this study were of analytical reagent grade and were used without further 

purification. AMB 99% from SDI Samarra Iraq, CV 99 % sigma Aldrich. KBr-KBrO3 98 % 

from Merck. Hydrochloric acid (HCL 36%) from Merck. Interferences, such as glucose, lactose, 

sucrose, cellulose, and sodium citrate (99%), were obtained from SDI, Samarra, Iraq.  Ethanol 

and distilled water (DW) were used as solvents.  

2.3. Methods    

• AMB 1000 µg/mL solution was prepared by dissolving 0.1 g of AMB in 10 mL of ethanol in a 

100 mL volumetric flask, then filling to the mark with ethanol. 

• KBr-KBrO3 solution:  The mixture was made by dissolving 0.1 g of potassium bromate and 1 g 

of potassium bromide in 100 mL of WD, then 2.5 mL was added, which was then diluted with 

DW in a 100 mL volumetric flask. 

• CV (2.4 ×10
-4

 M): The CV solution was prepared by dissolving 0.01 g of CV in 10 mL of DW, 

then transferring the solution to a 100 mL volumetric flask and to the mark with DW.  

• HCL (1M): To prepare a 1M HCL solution, 8.6 mL of concentrated HCL was diluted with DW 

in a 100 mL volumetric flask. 

• Chemical samples preparation. To prepare the formulation's stock solution, precisely weigh 10 

tablets, each containing 10 mg of pure medication. After the pills were ground into a powder, 

100 mg of AMB powder was added to a 100 mL conical flask. After the addition of 25 mL of 

ethanol, the mixture was sonicated for 10 minutes. After passing the mixture through the 

Whitman filter paper, it was transferred to a 100 mL volumetric flask. For each of the four drug 

formulations, a stock solution containing 1000 μg/mL of AMB was prepared by adding ethanol 

as the solvent to the flask until the desired volume was reached. 

• Biological samples preparation: The FIA approach was successfully used to estimate AMB in 

biological materials serum and plasma. A standard volumetric flask 10 mL was filled with 1 mL 

of each biological sample to create a series of spiked solutions. Followed by the addition of 1 mL 

of 1000 μg/mL of AMB solution. 

• Preparation of interferences: Using a 100 mL standard volumetric flask, (0.1) g of any one of 

the following interferences: Glucose, lactose, sucrose, cellulose, and sodium citrate was 

dissolved.  

 

3. Results    
3.1. Spectrophotometric method 

3.1.1. Estimation of wavelength   

To determine the optimal wavelength, 1 mL of the oxidizing agent mixture was added to a 10 

mL volumetric flask containing 1 mL of a standard solution of AMB at 1000 µg/mL (100 

µg/mL) in an acidic medium (0.5 mL of 1 M HCl). Then, 1 mL of 2.4×10
-4 

M CV reagent 

solution was added, and the volume was brought to the mark with DW.  

The absorbance was measured with a spectrophotometer, and the optimal wavelength was 592 

nm, as shown in Figure 1. 
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Figure 1. UV–Vis spectra of the AMB product (curve A) and the  

blank (curve B) measured against ethanol 

 

3.1.2. Proposed mechanism                 

The proposed mechanism for AMB included oxidation of AMB by a mixture of potassium 

bromide and bromate as an oxidizing agent, and reduction of the product by CV dye in an acidic 

medium to produce a blue-colored product, forming the basis of the suggested reaction
23

, as 

shown in Scheme 1.  

 
Scheme 1. The reaction of AMB with the reagent 

 

3.1.3. Preliminary investigation   

To determine the optimal conditions for the chemical variable, initial research was conducted to 

identify the optimal volume or concentrations of CV, KBr/KBrO3, and HCl. The optimum effect 

of  KBr-KBrO3 was estimated using different concentrations of 6.87-41.25 of 275 µg/mL, and it 

was found that a 27.5 µg/mL (1 mL) solution gave the highest absorbance value. Optimal 

concentration of the reagent CV was examined by using different concentrations 0.6×10
-5

 – 

4.8×10
-5

 M of 2.4×10
-4

 M, the concentration 3×10
-5

 M (1.25 mL) provided the best absorbance 

result with 100 µg/mL AMB.  To determine the optimal concentration or volume, HCl solutions 

at 0.25 –1.5×10
-1

 M were used. The highest concentration observed was 0.5×10
-1

 M (0.5 mL). 

Therefore, to determine the optimal addition sequence that produced the highest absorbance, the 
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effect of the addition sequence on absorbance was examined. The outcome was (chemical 

products + oxidizing + acid + reagent), as seen in Figures 2a, 2b, 2c, and 2d.  

 

 
    Figure 2. A-Impact of CV, B-Impact of (KBr-KBrO3), C-Impact of HCL, D-Impact of order of addition 

 

3.1.4. Calibration graph  

A series of standard AMB solutions was prepared in a 10 mL volumetric flask. Chemical 

variables, including the oxidizing agent, acid, and reagent, were then added. The absorbance was 

measured at 592 nm using a UV-Vis spectrophotometer, and a linear range was observed from 5 

to 90 µg/mL. As shown in Figure 3. Table 1 illustrates that the traditional approach provides 

high accuracy and precision. 

 
 Figure 3. Calibration graph of (AMB) 

c d 

a b 
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Table 1. Accuracy and precision for spectrophotometric method 

AMB µg/mL 
Rec E% RSD 

Present Found 

20 19.49 97.44 -2.559 3.476 

60 59.36 98.94 -1.059 1.137 

* Average of five determination 
 

3.1.5. The mole ratio and job's methods   

A concentration of 2.2×10
-4

 M for each drug and reagent was prepared to determine the 

interaction rate between the AMB and CV. The results showed that the reaction rate was 1:1, as 

shown in Figures 4A and 4 B.  

  
Figure 4. A-Mole-ratio method of (AMB) B- Job

'
s method of (AMB) 

 

3.1.6. Stability constant 

The stability constant for the reaction of AMB with CV was calculated based on the 

stoichiometric ratio (1:1) of the drug to the reagent and according to the equation: 

 
αC     αC        (1 – α)C 

   
    

      
    

     

   
 

K: The stability constant. α: the degree of dissociation, C: The molar concentration, Am: 

absorbance readings after adding enough of the reagent, As: A stoichiometric quantity of the 

reagent combined with absorbance in the aqueous solution. Table 2 and the following equation 

were used to determine the spontaneous complex building reaction (ΔG value) according to K 

evaluation: ΔG = -RT lnK 
Table 2. Stability constant of ADB-CV reaction  

No. Am As 
Degree of 

dissociation   (α) 
K (L

1
.mol

-1
) ΔG (J.mol

-1
) 

1 0.698 0.657 0.05874 12400249 -40487 

2 0.700 0.659 0.05857 12473636 -40502 

Average 
 

12436942 -40494 

 

3.2. FIA/MZ spectrophotometric determination 

A batch spectrophotometric method was developed using FIA/MZ after the optimal conditions 

for the AMB reaction with CV were determined by conventional spectrophotometry. This 

enabled the analysis of the most practical parameters and the development of a rapid spectral 

automation method for estimating AMB. As a result, the FIA technique was developed based on 

the batch technique. 

3.2.1. The system's flow injection manifold 

The continuous FIA merging zone (CFIA/MZ) design, used for AMB determination as shown in 

Figure 5, consists of a transporter current, an injection valve, Teflon loops containing the 

chemical used for AMB estimation, a peristaltic pump, and a recorder. 
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Figure 5. The developed CFIA system 

 

3.2.2. Enhancement of the FIA system parameters that were developed 

To achieve high sensitivity and maximal response, several physical and chemical factors were 

examined, including flow rate, reaction coil length, loop volume, injection time, and the 

concentrations of the oxidizing agent, reagent CV, and acid. To determine the ideal concentration 

of KBr: KBrO3, a handmade injection valve was used to load several quantities of 6.87-41.25 

µg/mL of 275 µg/mL into L1. According to Figure 6A, the absorbance value with the highest 

repeatability, as indicated by the peak height in mV (n=3), was 27.5 µg/mL (1 mL).  

    

 
Figure 6. Effect of A- (KBr-KBrO3), B- HCL, C- CV (AMB= 200 µg/mL)  

 

a b 

c 
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To ascertain the optimal acid HCL concentration, a custom injection valve was used to load in 

L2 and inject various quantities 0.25×10
-1

-1.5×10
-1

 M of 1M HCL Using a handmade injection 

valve for loading in (L2) the outcomes shown in Figure 6B showed that the absorbance value of 

0.05 M (0.5 mL) provided The highest absorbance value, illustrated as peak height in mV (n=3). 

The ideal concentration of the reagent CV was examined by injecting different concentrations of 

2.4×10
-4

 M, ranging from 0.000006 to 0.000036 M. The findings in Figure 6C showed that the 

absorbance value with the highest peak height (mV; n=3) was 3×10
-5

 M. 

3.2.3. Selecting the optimal manifold unit  

The optimal sequence, according to the results in Figure 7, was AMB and the oxidizing agent 

KBrO3-KBr in the first loop, acid HCL in the second loop, and the reagent CV in the third loop. 

 
Figure 7. Effect of the sequence of chemical variables  

 

3.2.4. Effect of the physical variables  

3.2.4.1. Reaction coil and injected volume effects 

The optimal reaction coil length for the AMB reaction was 100 cm, as illustrated in Figure 8. 

For the AMB-KBr /KBrO3-HCL-CV reaction, the best loops for the AMB, oxidizing agents, 

acid, and reagent were 60 -40-40 cm (118-79-79 µL), as shown in Figure 9. 

 
Figure 8. Reaction coil 
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Figure 9. The impact of the volume injected 

 

3.2.4.2. Flow rate's effect 

One of the crucial components is the carrier current flow speed in the FIT, which significantly 

influences the results. Certain reactions occurred quickly, while others took longer. In this 

reaction, AMB-KBrO3/KBr-HCl-CV, various flow rates were examined, and, as illustrated in 

Figure 10, the optimal flow rate was 7.79 mL/min, with a sample throughput of roughly 103 

samples/h. 

 
Figure 10. Effect of flow rate 

 

3.2.4.3. Dispersion  

One physical phenomenon in the FIA technique is dispersion, arising from interactions between 

the sample and the carrier stream, which spreads the sample throughout the solution under the 

influence of various concentration gradients. The success of FIA analysis is predicated on these 

three fundamental concepts. The following law was used to compute the dispersion: 

   
  

 
 .   

Cₒ: response before dilution is, although C is the response after dilution. The dispersion for AMB 

was (1.37, 1.36) as shown in Table 3 and Figure 11. The study involved 2 experiments. In the 

first experiment, all chemicals were mixed in a beaker and then introduced as a carrier stream. 

Through an FI system to generate a fixed response represented by (Co). Another process, AMB, 

KBr-KBrO3, and CV were administered L1, L2, and L3 injections, respectively. Materials are 



IHJPAS. 2026; 39(2): 182-196 

190 

delivered to the mixing zone using the injected component and DW as carriers, then transported 

there
24

. 
Table 3. ADB's dispersion value 

Conc.  

(µg/mL) 

Cₒ C 
D 

Length of Peake (cm) Peak Height (mV) Length of Peake (cm) Peak Height (mV) 

50 µg/mL 2.6 208 1.90 152 1.37 

150 µg/mL 6.3 504 4.62 369.6 1.36 

 

 
Figure 11. Dispersion of AMB-CV reaction 

 

3.3. Calibration graph of AMB-CV reaction 

A series of AMB concentrations ranging from 5 to 350 µg/mL
 
with KBr-KBrO3, HCL, and CV 

introduced into the FIA system after all optimal conditions were verbally confirmed. This made 

it possible to identify the ideal range of AMB concentrations that may be employed with this 

technique; as shown in Figure 12 and Table 4, the ideal concentration range is between 10 and 

250 µg/mL. 

 
Figure 12. AMB calibration graph 
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Table 4. AMB-CV System calibration curve  

Conc. (µg/mL)            pon   (  ) (m ) SD RSD% S.E.M 

10 45 1.6095 3.54 45.50 ± 4.0 

20 72 2.3681 3.29 71.98 ± 5.88 

50 154 4.3000 2.79 153.87 ± 10.68 

100 271 4.4210 1.63 270.53 ± 10.98 

150 370 2.7781 0.75 370.34 ± 6.90 

200 480 2.8095 0.58 480.27 ± 6.97 

250 578 2.7713 0.48 577.60 ± 6.88 

 

3.4. Analysis of variation (ANOVA) and repeatability  

Table 5 show that calculation summation of squares (ssqb) of the error (between groups) by the 

equation:      ∑    ̅   ̅     where; ȳi is the responses, ȳGM is the grand mean of ȳi and ȳi-

ŷ (ŷ appraiser response) and ni is the number of responses for (1) degree of freedom (number of 

columns
-1

). Calculation summation of squares (ssqw) of the regression (within groups) by the 

equation:      ∑         
 
 where;   

 
 is the variance for the degree of freedom (number of 

all readings (ȳi) and (ȳi-ŷ)-2), when dividing the (MS1)
 
by (MS2) gets the value (F)

25,26
. 

Table 5. Variance analysis for FIA (AMB-CV) system    

Source of Variation Sum of squares(SS) Df Mean of squares MS F F crit 

Between groups 278289.2277 1 278289.2277 13.17050013 4.747225347 

Within groups 253556.8658 12 21129.73881 
  

Total 531846.0935 13 
   

 

Fcrit. (4.7472) << F (13.1705) so that it might be complete where the concentration of AMB and 

the signal obtained have a significant relationship. The method showed high repeatability, as 

revealed in Table 6 and Figure 13. 
Table 6. Repeatability of AMB-CV system 

ADB-KBr /KBrO3-HCL-CV  

AMB Conc. µg/mL Found Error Rec% Erel% SD RSD% 

50 51.70 1.70 103.41 3.41 2.26 1.51 

150 151.71 1.71 101.14 1.14 2.18 0.59 
 

 
Figure 13. Repeatability of AMB-CV reaction 

3.5. Method validation  

The analytical characteristics of the developed method (CFIA/MZ), including DL, LOQ, relative 

standard deviation, correlation coefficient (r), linear range, recovery, and relative error, are 

shown in Table 7. 
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Table 7. Characteristics of the CFIA system's calibration graph and assessment of the (AMB) product 

Variable CFIA/MZ Spectrophotometric 

Regression equation y = 2.223x + 34.273 y = 0.0083x+0.06 

Linearity range (µg.mL
-1

) 10-250 5-90 

Average of recovery (Rec.%) 99.810 98.191 

Average of Relative Error (Erel%) -0.190 -1.809 

Average of Relative standard deviation (RSD%) 2.418 2.306 

Slope (b) 2.2230 0.0083 

Intercept (a) 34.2730 0.0600 

Linearity (R
2
) 0.9978 0.9994 

Correlation coefficient (r) 0.9989 0.9997 

Standard deviation of slope (Sb) 0.0466 0.0001 

Standard deviation of intercept (Sa) 6.5390 0.0050 

Detection  Limit (DL) 2.4689 0.4620 

Limit of quantification (LOQ) 8.2296 1.5399 

Sample frequency  (sample /hr) 103 - 

Standard deviation of the residuals (Sy/x) 10.5261 0.0077 

Confidence limit of slope (b) 2.22 ± 0.1141 - 

Confidence limit of intercept 34.27± 16.0205 - 

 

3.6. Chemical products applications  

The results of the determination of chemical formulations containing AMB (as tablets) are 

presented in Table 8, following preparation of working solutions at different concentrations from 

the primary solution. The proposed method, compared with HPLC using F-test and t-test, 

showed that for AMB-KBr/KBrO3-HCl-CV, the computed F-test values were 0.0702 and 3.2897, 

and the t-test values were 0.1739 and 0.9802, respectively. 
Table 8. Determination of AMB as tablet 

 

3.7. Biological sample 

AMB at a concentration of 100 μg/mL was tested for precision and accuracy. Blood sample 

accuracy and precision were acceptable, as illustrated in Table 9. 
Table 9. AMB evaluation employing the suggested CFIA/MZ technique in biological samples 

Serum Plasma 

AMB µg/mL Erel% Rec% RSD% AMB µg/mL Erel% Rec% RSD% 

Present µ   o n     Present µ   o n     

100 99.94 -0.0601 99.94 0.37 100 98.88 -1.1200 98.88 0.85 

100 97.68 -2.3181 97.68 1.65 100 99.94 -0.0601 99.94 1.64 

100 97.23 -2.7697 97.23 0.55 100 98.59 -1.4149 98.59 0.59 

100 98.59 -1.4149 98.59 1.37 100 99.94 -0.0601 99.94 1.41 

100 99.49 -0.5117 99.49 1.42 100 100.17 0.1657 100.17 1.01 

100 100.39 0.3915 100.39 1.53 100 101.75 1.7463 101.75 1.77 

100 100.84 0.8431 100.84 0.50 100 102.20 2.1979 102.20 1.49 

Industrial 

application 

Proposed method Official method 

Conc. of D 

µg/mL Erel% Rec.% RSD% 
Conc. of D µg/mL 

Erel% Rec.% RSD% 

Present Found Present Found 

Amlodipine 
50 50.05 0.10 100.10 0.86 50 50.42 0.84 100.84 1.02 

20 20.23 1.15 101.15 0.95 20 20.25 1.25 101.25 1.34 

Amlodipine-

accord 

50 49.76 -0.48 99.52 0.78 50 50.15 0.30 100.30 1.21 

20 19.87 -0.65 99.35 1.40 20 20.41 2.05 102.05 0.94 

Amaday 

ajanta 

50 50.09 0.18 100.18 0.53 50 49.11 -1.78 98.22 1.40 

20 19.23 -3.85 96.15 0.97 20 19.42 -2.90 97.10 2.29 

Amlo-denk 
50 49.93 -0.13 99.87 0.54 50 50.34 0.68 100.68 1.10 

20 19.95 -0.25 99.75 1.34 20 20.23 1.15 101.15 0.98 
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3.8. Investigation of interferences  

The selectivity of the proposed approach was assessed by examining potential interferences, as 

shown in the following Table. A sample of pure 100 µg/mL AMB that had been examined with 

50, 100, and 200 μg/mL quantity of specific interferences was analyzed using three excipients. 

The allowed recovery range of 95-105% in the data shown in Table 10 indicates that there were 

no disruptions throughout the AMB calculation using the FIA method. 
Table 10. Interferences affect the AMB estimation  

Interference 
Interference 

concentration µg/mL 

Present concentration 

of D µg/mL 

Found concentration 

of D µg/mL 
Erel% Rec% 

Standard - 100 101 1.28 101.28 

Sucrose 

50 100 101 0.60 100.60 

100 100 100 -0.21 99.79 

200 100 98 -2.26 97.74 

Cellulose 

50 100 98 -1.69 98.31 

100 100 101 0.59 100.59 

200 100 97 -3.37 96.63 

Lactose 

50 100 97 -3.23 96.77 

100 100 97 -2.96 97.04 

200 100 103 3.00 103.00 

Glucose 

50 100 102 1.54 101.54 

100 100 98 -1.75 98.25 

200 100 98 -1.96 98.04 

Sodium 

citrate 

50 100 98 -2.34 97.66 

100 100 101 0.77 100.77 

200 100 102 2.36 102.36 

 

4. Discussion 

The present study focused on the development and evaluation of a FIA method for 

quantitative determination of AMB, which based on oxidation of drug with a potassium bromide/ 

bromate mixture in an acidic medium and its reaction with a violet dye, the calibration curve of 

AMB show good linearity within the concentration range  (10-250 µg/mL), with a high 

correlation coefficient R2 (0.9989), indicating a strong relationship between the analyte 

concentration and the measured response. The low relative standard deviation (RSD%) values 

obtained from replicate measurements indicate good precision and repeatability of the method. 

The limit of detection (LOD) and limit of quantification (LOQ) values were sufficiently low 

(2.4689 and 8.2296), indicating that the proposed method is sensitive enough for determining 

AMB at low concentrations. The FIA method offers enhanced sensitivity due to efficient mixing 

and controlled reaction conditions. Accuracy studies, expressed as recovery percentages, yielded 

satisfactory results, with recoveries approaching 100%
27

, analysis of variance shows that Fcrit. 

(4.7472) << F (13.1705) so it may be complete where there is an important relationship between 

the concentration of AMB and the signal obtained, at a 95% confidence level and n-2 degrees of 

freedom
28,29

. This indicates that the method is accurate and free from significant systematic 

errors. 

Furthermore, common excipients present in chemical formulations did not cause significant 

interference, demonstrating the selectivity of the proposed method. One of the main advantages 

of the FIA technique is its high sample throughput and low reagent consumption. The short 

analysis time per sample makes the method suitable for routine quality control laboratories. 

Additionally, FIA's automation capabilities reduce human error and improve reproducibility. 

Compared with previously reported methods for AMB determination, the proposed FIA method 

exhibits comparable or superior performance in precision, accuracy, and analysis time. 

Therefore, it can be considered an effective alternative for determining AMB in pharmaceutical 

preparations. 
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5. Conclusion  

In the current study, an FIA method was developed and successfully applied to determine 

AMB. The results of this study demonstrated that the proposed method exhibits good linearity 

over the studied concentration range, indicating its suitability for quantitative analysis. The 

method exhibited acceptable precision and accuracy, as evidenced by low relative standard 

deviations and high recovery percentages. In addition, the presence of common excipients did 

not cause significant interference, reflecting the selectivity of the proposed method. The FIA 

method offers several advantages, including short analysis time, simplicity, and low reagent 

consumption. These characteristics make the method appropriate for routine analysis of chemical 

materials. The results obtained indicate that the proposed method is a reliable and efficient 

alternative to conventional analytical methods for determining AMB in chemical preparations. 

 

Acknowledgment  

The authors are grateful to the University of Baghdad for conducting several laboratory tests 

for our study. 

 

Conflict of Interest  

The authors declare that they have no conflicts of interest. 

 

Funding  

There is no funding for the article. 

 

References  
1. Alnohy D, Morshedy S, Omran G, Mabrouk M, Talaat W. Bioanalysis of the Rivaroxaban and 

Amlodipine in dosage forms and spiked plasma using UPLC. Int J Adv Multidiscip Res Stud. 2023; 

3(4):249-254.  

2. Qasim FO, Mohammed NM, Yousi NI, Fattah MH. Stability-indicating and RP-HPLC method for 

analyzing Amlodipine Besylate in commercially available drug products in Kurdistan, Iraq. CUESJ. 

2024; 8(2):120-127. https://doi.org/10.24086/cuesj.v8n2y2024.pp120-127. 

3. Iyengar SS, Mohan JC, Ray S, Rao MS, Khan MY, Patted URH, Gaurav K. Effect of Amlodipine in 

stroke and myocardial infarction: A Systematic Review and Meta-analysis. Cardiol Ther. 2021; 10(2): 

429-444. https://doi.org/10.1007/s40119-021-00239-1. 

4. Öztürk M, Kadioglu Y. Quantitative determination of Amlodipine Besylate without derivatized in pure 

form and tablet dosage forms with UV Spectrophotometric method. Int J Pharm ATA. 2023; 1(1):1-

10. 

5. Alqudah M, Al-Samman R, Azaizeh M, Alzoubi KH. Amlodipine inhibits proliferation, invasion, and 

colony formation of breast cancer cells. Biomed Rep. 2022; 16(6):1-7. 

https://doi.org/10.3892/br.2022.1533. 

6. Elsonbaty A, Attala K. A concise review of various analytical approaches for quantitative analysis of 

amlodipine and celecoxib in different matrices. ERU Res J. 2023; 2(2):237-249. 

https://doi.org/10.21608/erurj.2023.202523.1017. 

7. Logoyda L. Efficient validated method of HPLC to determine amlodipine in combinated dosage form 

containing Amlodipine, Enalapril And Bisoprolol and in vitro dissolution studies with in vitro/in vivo 

correlation. Pharmacia. 2020; 67(2):55-61. 10.3897/pharmacia.67.e48220. 

8. Jeelani S, Kouznetsova N. A new stability-indicating HPLC-UV method for determination of 

amlodipine besylate and its impurities in drug substance. Heliyon. 2023; 9(9): e19993. 

https://www.cell.com/heliyon/pdf/S2405-8440(23)07201-8. 

9. Mohamed MA. Simultaneous determination of Amlodipine Besylate, Valsartan, and its related 

substances in their film-coated tablets dosage form by RP-HPLC Method. Adv J Chem Sect A. 2019; 

2(4):337-346. https://doi.org/10.33945/SAMI/AJCA.2019.4.7. 

10. Tomikj M, Božinovska M, Anevska-Stojanovska N, Lazova J, Acevska J, Brezovska K, Tonich-

Ribarska J, Nakov N. Sustainable and white HPLC method for simultaneous determination of 

https://doi.org/10.24086/cuesj.v8n2y2024.pp120-127
https://doi.org/10.3892/br.2022.1533
https://www.cell.com/heliyon/pdf/S2405-8440(23)07201-8
https://doi.org/10.33945/SAMI/AJCA.2019.4.7


IHJPAS. 2026; 39(2): 182-196 

195 

amlodipine and atorvastatin in film-coated tablet. Green Anal Chem. 2024; 8:100103. 

https://doi.org/10.1016/j.greeac.2024.100103 

11. Ali I. Gas chromatography: A tool for drug analysis in biological samples. Chem Int. 2020; 6(4): 277-

294. https://ssrn.com/abstract=3693745. 

12. Logoyda L, Kovalenk S, Gaafar M, Ali AMA, Elbarbry F. A validated LC MS/MS method for the 

quantification of Amlodipine, Bisoprolol, Enalapril and Enalaprilat-application to pharmacokinetic 

study in healthy volunteers. Microchem J. 2020; 155(80 Suppl):104700. 

https://doi.org/10.1016/j.microc.2020.104700. 

13. Abd Elhaleem SM, Shalan S, Belal F, Elsebaei F. Insights for applying N, S-doped carbon dots as a 

fluorescent nanoprobe for estimation of some nitro-calcium channel blockers. R Soc Open Sci. 2022; 

9(10):220609. https://doi.org/10.1098/rsos.220609. 

14. Mathew M, Bernard Sh, Kumar KLS, Girija KN. Development and validation of a HPTLC method for 

the simultaneous estimation of Atorvastatin calcium and Amlodipine Besylate as the bulk drugs and in 

the tablet dosage form. Asian J Pharm Health Sci. 2014; 4(2):986-991. 

https://ajphs.com/index.php/ajphs/article/view/483. 

15. Khorshed AA, Abdelnaeem FM, Derayea SM, Oraby M, Nagy DM. Simultaneous determination of 

amlodipine besylate and azilsartan mixture in human plasma utilizing high-performance thin-layer 

chromatography with ultraviolet detection. J Planar Chromatogr–Mod TLC. 2024; 37(3):261-269.   

https://doi.org/10.1007/s00764-024-00300-4. 

16. Birajdar SK, Kalshetti MS. Development and validation of UV spectrophotometric method for the 

estimation Pf Amlodipine Besylate in bulk and dosage form. Int J Sci Res Sci Technol. 2024; 11(3): 

456-460. https://doi.org/10.32628/IJSRST24113119. 

17. Abdullah SAB, Jihad RM, Alsamarrai KF. Determination of Amlodipine by spectrophotometric 

analysis involving diazotization and coupling with Sulfanilic acid. Samarra J Pure Appl Sci. 2024; 6: 

98-107. https://doi.org/10.54153/sjpas.2024.v6i3(2).901. 

18. Sonawane G, Sonawane VN, Bachhav R, Pansare K, Bhamare M, Patil C. Analytical method 

development and validation of amlodipine Besylate by UV-Visible spectroscopy. Asian J Res 

Chem. 2025; 18(2):71-76.  https://doi.org/10.52711/0974-4150.2025.00011. 

19. Pekcan G, Erol TK, Bulum H. Analysis of the binary mixtures of amlodipine and atorvastatin by 

chemometric-spectophotometric method.  Manas J Eng. 2025; 13(1):2-7. 

https://doi.org/10.51354/mjen.1389474. 

20. Mohamed YAS, Alburyhi MM, Wadi ZAS. Simultaneous hydrophilic interaction thin layer 

chromatographic (HITLC) method for determination of amlodipine and furosemide binary 

mixture. World J Pharm Pharm Sci. 2025; 14(5):1175-1183.   https://doi.org/10.20959/wjpps20255-

29769. 

21. Fadhil G, Al-Uzri WA. Greenness assessment of continuous FIA-spectrophotometric method for 

quantitation of oxymetazoline in bulk and pharmaceutical forms. Bull Chem Soc Ethiop. 2025; 39(2): 

215-226.  https://dx.doi.org/10.4314/bcse.v39i2.3. 

22. Kareem FT, Hammood MK. Determination of the quantity of Losartan active ingredient in the 

medication formulations via turbidimetric-flow injection technique. Chem Methodol. 2022; 6(1): 41-

51. https://doi.org/10.22034/chemm.2022.1.4. 

23. Khdadad ZA, Khaleel AI, Naji Q. Spectrophotometric methods for estimation of amlodipine besylate 

in pure form and in its pharmaceutical formulations. Int J Health Sci. 2022; 6(1):7726-7741. 

https://doi.org/10.53730/ijhs.v6nS1.6673. 

24. Hamed LL, Qassim BB. Direct and new flow injection method for assay of Iron as ferrous sulfate in 

pure and dosage forms through the complexation with 2,2   dipyridyl reagent.  Int J Pharm Res. 2020; 

12(2):1329-1338.  https://doi.org/10.31838/ijpr/2020.SP2.128. 

25. Turkey NS, Jeber JN. Flow injection analysis with turbidity detection for the quantitative 

determination of Mebeverine Hydrochloride in pharmaceutical formulations. Baghdad Sci J. 2022; 

19(1): 141-154. https://doi.org/10.21123/bsj.2022.19.1.0141. 

26. Kadhim MM, AlMashhadani HA, Hashim RD, Khadom AA, Salih KA, Salman AW. Effect of Sr/Mg 

co-substitution on corrosion resistance properties of hydroxyapatite coated on Ti–6Al–4V dental 

alloys.  J Phys Chem Solids. 2022; 161(3):110450. https://doi.org/10.1016/j.jpcs.2021.110450. 

https://ssrn.com/abstract=3693745
https://doi.org/10.1098/rsos.220609
https://ajphs.com/index.php/ajphs/article/view/483
https://doi.org/10.32628/IJSRST24113119
https://doi.org/10.52711/0974-4150.2025.00011
https://doi.org/10.53730/ijhs.v6nS1.6673
https://doi.org/10.21123/bsj.2022.19.1.0141
https://doi.org/10.1016/j.jpcs.2021.110450


IHJPAS. 2026; 39(2): 182-196 

196 

27. Abduljabbar AT, Ali NH. Spectrophotometric determination of Carvedilol in some pharmaceuticals 

via an oxidative coupling reaction. Pharm Negat Results. 2022; 13(7):2951-2962. 

https://doi.org/10.47750/pnr.2022.13.S07.390. 

28. Amir R, Hadi H. Spectrophotometric determination of vitamin B1 in dosage forms using drugs 

compounds as reagents by normal and reverse flow injection methods. Curr Pharm Anal. 2022; 18(2): 

218-227. https://doi.org/10.2174/1573412917666210118120836. 

29. Khalid G, Turkie PNS. Amlodipine Besylate determination via continuous flow injection using two 

lines manifold system using ISNAG-fluorimeter analyzer and ADB-CdI system in the aquatic 

medium. Indian J Ecol. 2022; 49(20):257-265. 

https://doi.org/10.2174/1573412917666210118120836

