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Abstract 

A spectrophotometric method is proposed for the determination of antihypertensive drugs namely Propranolol and 

Methyldopa in their pure forms and in pharmaceutical formulations, based on the oxidation of the drugs with an excess 

of N-Bromo succinimide and the residual oxidizing agent bleaches the red colored eriochrom black-T (EBT) which is 

measured at 530 nm at room temperature. Linear calibration graphs were obtained in the concentration range 0.1-10 and 

0.1-9 μg ml-1 with molar absorptivity 6.06×104 and 4.60×104 L.mol-1.cm-1 for above drugs respectively. No interference 

was observed coexistent substance. The proposed method was applied successfully for the determination of the drugs in 

their pharmaceutical formulations.  
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1. introduction 

Hypertension is commonly known as a silent 

killer disease which increases the risk of heart 

disease and stroke, and considered as one of 

factors for death and inability over the world [1]. 

Propranolol hydrochloride, 1-[isopropylamino-3-

[1-naphthyloxy]-2-propanol hydrochloride (I), is 

β-blocker drug and used to control hypertension, 

cardiac arrhythmia, myocardial and 

hyperthyroidism diseases [2-5]. Methyldopa, α-

methyl-3,4-dihydroxyphenylalanine (II) is used as 

an antihypertensive agent and effective inhibitor 

for the dopa-decarboxylase enzyme to lower 

blood pressure [6, 7]. 

 

 

   

 

 

                         I                                                                                  II                                                 
Different analytical methods and techniques have 

been described for determination of the above 

drugs in pure form and pharmaceutical 

formulations, including spectrophotometric[8-14] 

, near infra-red and chemometric [14], HPLC [4, 

15-17], titrimetric [14, 18], voltametric [4, 19-22] 

and electrochemical [4, 22] techniques. However; 

most of these techniques are expensive 

instruments and need experience. Some of the 

other methods have low sensitivity and tedious or 

uneconomical. EBT is anionic azo dye compound 

and known as a complexometric indicator which 

is used in complexometric titrations. According to 

literature information, it’s known that EBT 

interacts with drugs, resulting in the formation of 

ion-pair complexes, which are extracted by 

organic solvent [23-25]. The color of this 

indicator can be bleached by the strong oxidizing 

agent [26]. The aim of the present work is to 

develop a simple and sensitive method for 

determination of propranolol and methyldopa 

drugs depending upon oxidation of these drugs 

and decolorization of EBT colored reagent. 
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2. EXPERIMENTAL  

     2.1 Apparatus 

Shimadzu UV-1650 PC UV-Visible 

spectrophotometer equipped with a 1.0-cm path 

length silica cell, Philips PW (9421) pH-meter 

with a combined glass electrode was used for pH 

measurements. All calculations in the computing 

process were performed in Microsoft Excel for 

Windows. 

   2.2 Reagents 

All reagents were of analytical-reagent grade 

which were provided by BDH and Fluka 

companies. Stock solutions of Propranolol and 

Methyldopa were prepared in a concentration of 

100 μg ml-1 by dissolving 0.01 g of each drug in 

100 ml distilled water in volumetric flasks. The 

solutions were kept in the refrigerator. EBT was 

prepared in concentration of 500 μg ml-1 by 

dissolving 0.05 g in methanol in 100 ml 

volumetric flask. N-Bromo succinimide (NBS) 

was prepared in a concentration 2×10-3M by 

dissolving 0.0356 g in 100 ml distilled water. 

Hydrochloric acid was prepared in a 

concentration of 5 M by diluting of an appropriate 

volume of conc. HCl. 

3. General procedure 

Into two series of 10-ml volumetric flasks aliquots 

of solutions containing 0.1-10 and 0.1-9 μg ml-1 

of Propranolol and Methyldopa respectively, were 

added separately, followed by addition of 1.5 ml 

of 5M HCl and1.5 ml of 5×10-3M NBS to each 

flask. The solutions were gently shaken and left 

for 10 min at room temperature for oxidation. A 2 

ml of 500 μg ml-1 EBT were added to the 

solutions. The contents were diluted to the mark 

with distilled water and mixed well. The 

absorbance was measured at 530 nm after 5 min 

at room temperature against reagent blank. 

4. Analysis of tablet 

Weighed and finely powdered 7 tablets 

Propranolol (each tablet containing 40 mg 

Propranolol) and aldosam (each tablet containing 

250 mg Methyldopa). an accurately weighed 

amount of powder, equivalent to one tablet, was 

dissolved in 20 ml distilled water and filtered into 

100 ml calibrated flask, then the solution was 

made to the volume with the distilled water. A 

suitable volume was diluted with distilled water 

and followed the recommended procedure. 

5. Results and Discussion 

EBT is a dark blue dye as powder and its solution 

at pH< 6.3 become red color. It was found that the 

red color of EBT can be bleached by strong 

oxidizing agents [24]. According to this 

observation, a simple method has been developed 

for the determination of some antihypertensive 

drugs involves the oxidation of these drugs by 

NBS in acidic medium and the residual oxidant 

bleaches the red color of EBT. When the known 

volume of NBS is added to an increasing amount 

of drug, there was a decrease in the concentration 

of oxidant and increasing the absorbance of EBT. 

The proposed reaction mechanism is presented in 

Scheme 1.
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Scheme 1: Proposed mechanism for determination of drugs 

 

EBT showed an absorption band with λmax at 530 

nm in an aqueous medium (Fig. 1). The upper 

limit concentration of EBT was selected by 

plotting the absorbance of increasing amounts of 

dye against distilled water at λmax and was found 

100 μg ml-1 (Fig. 2) which was selected in 

subsequent experiments.  

 

 

 

 

 

 

 

 

 

 

ion of conditions 

In order to establish the experimental conditions 

for high sensitivity of the method, effect of 

various parameters such as solvent, oxidizing 

agent, acid, temperature and time were studied 

and optimized by setting all parameters constant 

and optimizing one at a time. 

5.1.1 Effect of solvent 

To select the solvent which gives the highest 

absorbance for EBT, different solvents were 
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Figure 1: Absorption spectrum of 100 μg ml-1               

EBT against distilled water 

Figure 2: Calibration graph of 

EBT. EBT conc., μg ml-1 
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tested such as acetone, methanol, ethanol, 

propanol, dimethylformamide (DMF) in addition 

to water. It was found, as shown in Figure 3, that 

water and methanol were optimum solvents and 

gave high stability and absorbance at 530 nm. 

However; water was selected in subsequent 

experiments.

  

 

 

 

 

 

 

 

5.1.2 Effect of oxidant 

 Various oxidizing agents such as 

potassium chromate, potassium permanganate, 

potassium iodate, N-chlorosuccinimide and NBS 

with a concentration of 2×10-3M have been tested 

for bleaching of EBT in the presence of 1 ml of 

1M HCl. It was found that NBS is the best oxidant 

and 1.5 ml is sufficient to bleach the dye to 

colorless (Fig. 4) which is recommended in 

subsequent experiments. 

 

  

 

 

 

 

 

 

 

5.1.3 Effect of acid 

The oxidation of drugs and dye take place in 

acidic medium. Various acids such as HCl, 

H2SO4, HNO3 and CH3COOH of 1 M have been 

tested, using 2 μg ml-1 of each drug, to obtain high 

sensitivity. It was found that HCl is the best acid 

for the system (Fig. 5). and was found 1.5 ml of 

5M HCl gave high sensitivity for each drug which 

is recommended in this method. 

A
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NBS, 5×10-3M, ml 

 Figure 4: effect of NBS on the bleaching 

of 100 μg ml-1 EBT 
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5.1.4 Effect of oxidation period  

The effect of oxidation period of Propranolol and 

Methyldopa drugs was studied by addition of 1.5 

ml of 2×10-3M NBS to 2 μg ml-1 for each drug in 

the presence of 1.5 ml of 5M HCl. The solutions 

were shacked and left at room temperature for 

different periods of time. Then 100 μg ml-1 EBT 

were added to each drug and the solutions were 

shacked and diluted to 10 ml in calibrated flasks. 

The absorbance of the residual EBT was 

measured after 5 min standing time at 535 nm 

against distilled water. The results obtained in 

Table 1 indicated that 10 min is sufficient for the 

oxidation of drugs and the absorbance remain 

constant for more than 2 hours. 

Table 1: Effect of time on the oxidation of drugs and EBT 

Absorbance / standing time (min) Standing time 
before dilution 

(min.) 
Over 
night 

120 60 50 40 30 20 10 5 

Propranolol 

 0.248 0.250 0.247 0.248 0.250 0.249 0.249 0.242 Immediately 

0.407 0.409 0.409 0.413 0.420 0.420 0.421 0.421 0.412 5 

 0.406 0.406 0.406 0.408 0.408 0.408 0.410 0.410 10 

 0.398 0.398 0.398 0.400 0.400 0.400 0.400 0.401 15 

 0.390 0.397 0.397 0.400 0.400 0.400 0.402 0.410 25 

Methyldopa 

 0.0.429 0.43 0.43 0.43 0.431 0.431 0.431 0.431 Immediately 

0.437 0.438 0.44 0.44 0.44 0.44 0.44 0.441 0.440 5 

 0.437 0.437 0.437 0.439 0.439 0.438 0.439 0.439 10 

 0.43 0.43 0.43 0.43 0.431 0.432 0.433 0.432 15 

 0.429 0.429 0.429 0.429 0.429 0.429 0.43 0.43 25 
 

Figure 5: Effect of acid on the sensitivity of the 
method using 2 μg ml-1 of each drug 

Figure 6: Effect of concentration of HCl on the 
sensitivity of the method using 2 μg ml-1  of each 
drug 

Molarity of 
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5.1.5 Effect of temperature for oxidation and 

stability 

           The color produced must be stable so as to 

allow accurate readings to be taken. The period 

over which maximum absorbance remains 

constant must be long enough for precise 

measurement to be made. Stability of the color is 

affected by experimental conditions like 

temperature and time. However; the effect of the 

temperature and time on the oxidation of 

Propranolol as a model drug was studied in the 

range 28°(RT)- 45°C with the optimum of the 

concentrations of the reagents. Then EBT was 

added and diluted to 10 ml with distilled water in 

the calibrated flask. The absorbance of the dye 

(after addition) was measured after 5 min. The 

results showed that high absorbance was reached 

after 10 min oxidation of drugs at room 

temperature and remain constant for more than 6 

hours. Whereas higher temperature values 

decrease the absorbance, (Fig. 7). The same 

results were obtained for Methyldopa. However; 

10 min at room temperature was selected for 

further study. 

 

 

 

 

 

 

 

5.1.6 Effect of sequence addition: As shown in 

table 2, there is no significant difference in 

absorbance when changing the sequence   addition 

of reagents

 

Table 2: Effect of sequence addition for reagent and drug 

Methyldopa Propranolol 
 

Sequence addition 
 

    

0.442 0.422 D + H + NBS + EBT  

0.439 0.420 H + NBS + D + EBT  

0.440 0.421 NBS + EBT + D + H  

                          D = drug, H = HCl. 

6. Quantitation 

Under the described experimental conditions, 

standard calibration curves for, Propranolol and 

Methyldopa with EBT were constructed by 

plotting absorbance against concentration (Fig.8). 

Beer's law limits and molar absorptivity values 

were evaluated and given in Table 3, which 

indicated that the method is sensitive. The 

linearity was represented by the regression 

equation and the corresponding correlation 

coefficient for drugs determined by the proposed 

method represents excellent linearity. The relative 

standard deviation (RSD) and accuracy (average 

recovery %) for the analysis of three replicates of 

each three different concentrations for each drug 

indicated that the method is precise and accurate. 

Limit of detection (LOD) and limit of quantitation 

(LOQ) were calculated according to the following 

equations: 

LOD = 3.3σ/b and LOQ = 10σ/b 

 where σ is the standard deviation of five reagent 

blank determinations and b is the slope of the 

Time, min 

0.3

0.32

0.34

0.36

0.38

0.4
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RT=28°C 

35°C 

45°C 

Figure 7: Effect of temperature and time for oxidation of   
     2 μg ml-1 Propranolol in the presence of 190 μg ml-1 EBT 
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calibration curve. The results obtained are in the 

accepted range below the lower limit of Beer's law 

range, (Table3). 

 
Table3: Summary of optical characteristics and statistical 

                                            data for the 

proposed method 

 

 

 

 

 

 

 

 
                                 
                                aAverage of three determinations  

                                bY = a X + b, where X is the concentration of each compound in μg ml-1. 

 

 

                                           
          
7. Selectivity 

 The selectivity of the method was 

investigated by observing any interference 

encountered from the common excipients of the 

pharmaceutical formulations by measuring the 

absorbance of solutions containing a fixed amount 

of drug separately, and various amounts of diverse 

species, up to 500 µg/ml, in a final volume of 10 

ml. It was found that the studied excipients did not 

interfere seriously, (Table 4).  
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Methyldopa, µg/ml

Parameter Propranolol Methyldopa 

Linearity range (µg/ml) 0.1-10 0.1-9 

Molar absorptivity  
(l.mol-1. cm-1) 

6.06×104 4.60×104 

LOD (μg.ml-1) 0.042 0.066 

LOQ (μg.ml-1) 0.120 0.192 

Average recovery a (%) 100.83 100.05 

Correlation coefficient (R) 0.9991 0.9990 

Regression equation (Y)b 
Slope, a 
Intercept, b 

 
0.2429 
-0.0031 

 
0.1932 
0.0451 

RSD b 
 

≤ 1.0 
 

≤ 1.0 
 

Figure 8: Calibration graphs of Propranolol and Methyldopa 
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Table 4: Effect of excipients on the determination of drugs 

Recovery (%) of 3 µg/ml of drug 
per µg/ml of excipient added 

Excipient 
Methyldopa Propranolol 

 

500 250 500 250 

98.65 97.23 96.23 98.87 Sucrose 

98.23 98.57 97.23 98.21 Fructose 

97.98 96.25 96.36 98.85 Lactose 

97.87 98.58 98.89 97.68 Sodium chloride 

98.80 95.23 98.00 95.53 Starch 

98.21 96.85 96.23 98.50 Potassium chloride 

97.01 98.89 97.12 97.25 Glucose 
 

8. Analysis of pharmaceutical formulations 

The proposed method was successfully applied to 

determine the intended drugs in their commercial 

tablets of Propranolol and Methyldopa, (Table 5). 

The results given in Table 6 indicated that the 

method is a reproducible and accurate.  

 

  

Table 5: Industrial companies of drug formulations 

Company Content Pharmaceutical preparation 

Abbott - USA  40 mg Propranolol Inderal tablets 

Samra-Iraq 250 mg methyldopa Aldosam tablets 

 

                Table 6: Assay of the drugs in some pharmaceutical formulations by 
                                  the proposed method and standard addition procedure. 

Pharmaceutical 
preparation 

Certified 
Value 

Amount 
present 
(µg.ml-1) 

Recovery* 
(%) 

Average 
recovery 

(%) 

Drug 
content 

found (mg) 

Propranolol tablet 40 mg 

2 98.57 

99.04 

39.428 

4 101.12 40.448 

6 97.45 38.98 

Methyldopa 
 Tablet 

250 mg 

2 101.22 

100.48 

253.05 

4 101.54 253.62 

6 98.77 246.92 

                    * Average for four determinations 

9. Validity of the method 

The proposed method was compared statistically 

by a Student's t-test for accuracy and a variance 

ratio F-test for precision with the official method 

[24] for intended drugs formulations at the 95% 

confidence level with six degrees of freedom. The 

results showed in Table 7 that the experimental t-

test and F-test were less than the theoretical value 

(t=2.45, F=6.39), indicating that there was no 

significant difference between the proposed 

method and official method. 
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Table 7: Comparison of the proposed method with official method for 

determination of antihypertensive drugs in pharmaceutical preparation 

Ftest texp 

Recovery (%) 
Pharmaceutical 

preparation Official method 
Present 
method 

1.05 1.25 100.75 101.12 Propranolol tablets 

1.012 0.98 100.18 101.54 Methyldopa tablets 
  

10. Comparison of the proposed method 
          Many spectrophotometric methods have 

been described for the determination of 

propranolol and methyldopa, but all of these  

methods suffer from limitations (table 8) for 

instance, these involve extraction, heating or 

have low sensitivity. 

 

 

Table 8: Comparison of the proposed method with official method for 

determination of antihypertensive drugs with the previous works 

 
 

Ref. 
no.a 

Remark 
Molar 

absorptivity/104 
(l.mol-1.cm-1) 

Beer's law 
(µg.ml-1) 

max 
(nm) 

Reagent used 

 
[26]  

Involved extraction 0.0961 25-200  515 Alizarine red-s 

[26]  Involved extraction 
 

0.163 
 

10-80 
 

525 
Erythrosine-b 

[27]  
Involved heating to 70 

˚c for 5 min 
0.486 5-40  

 
555 

Chloramine-T in    
phosphate buffer of 7 

[28]  Has low sensitivity 2.05 0.2-16 513 NBS+ promethazine 

[29]  Has low sensitivity 1.13×103 50-200 410 Molybdate 

 
[28]  

 
Has low sensitivity 1.9337 1.6-17.6 470 

4-chloro-7-
nitrobenzo-2-oxa-1, 

3-diazole 

[30 ,31]  
Sensitive and does not 

involve heating or 
extraction 

6.06, 4.60 0.1-10,0.1-9 530 Proposed regent 

a 26-28 refer to propranolol and 29-31 refer to methyldopa   

  

11. Conclusion 

The proposed method represents simple, rapid, precise, 

accurate and highly sensitive. The validity of the proposed 

method is well demonstrated by analyzing the dosage form 

of Propranolol and Methyldopa tablets. Moreover, the 

method is free from interference by common additives and 

excipients. The method depends on the use of simple and 

cost-effective chemicals and techniques but provide 

sensitivity in comparison to that achieved by sophisticated 

and expensive techniques like HPLC and voltammetry. 

Thus, the method can be used as alternatives for routine 

determination of bulk sample and pharmaceutical 

formulations 
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