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Abstract: A very simple, accurate and rapid spectrophotometric method was developed for 

estimation of bisoprolol fumarate and levobunolol hydrochloride excess using Ceric 

Ammonium Sulphate in sulphuric acid medium as oxidant. The unreacted Ce+4have been 

determined using two different dyes indigo carmine and methyl orang. The coloured 

solutions of indigo carmine and methyl orange have maximum absorbance at 610 nm and 

504 nm respectively. Different factors are studied such as time, temperature, organic 

solvents and sequence of addition. The effect of excipients has also been studied with non-

effect absorbance found to have no effect. The methods showed a good linearity in the 

concentration range of (8.8– 88) μg mL-1and (19.6-45.7) μg mL-1for bisoprolol and 

levobunolol hydrochloride with indigo carmine and (8.8-66) μg mL-1for bisoprolol and 

(19.6-45.7) μg mL-1for levobunolol hydrochloride with methyl orange, with molar 

absorptivity and Sandell’s 1.261 x 104 L mol-1 cm1 and 0.0350 μg cm-2 for bisoprolol, 8.166 

x103 L mol-1 cm1 and 0.040 μg cm-2 for levobunolol. This method in terms of LOD, LOQ, 

%RSD, precision accuracy, robustness and ruggedness has been validated. The calibration 

curves were found useful for determination of pure drug and can be applied to 

pharmaceutical in bulk drug and pharmaceutical preparations. 

Keywords: Bisoprolol Fumarate, Levobunolol Hydrochloride, Oxidation with Ce4+, Methyl 

Orange, Indigo Carmen- spectrophotometric Methods. 

INTRODUCTION 

Bisoprolol Fumarate 

Fumarate salt of a synthetic phenoxy-2-propanol-derived cardio selective beta-1 adrenergic receptor 
antagonist with antihypertensive and potential cardio protective activities. Devoid of intrinsic 
sympathomimetic activity, bisoprolol selectively and competitively binds to and blocks beta-1 adrenergic 
receptors in the heart, decreasing cardiac contractility and rate, reducing cardiac output, and lowering 
blood pressure. In addition, this agent may exhibit antihypertensive activity through the inhibition of 
renin secretion by juxtaglomerular epithelioid (JGE) cells in the kidney, thus inhibiting activation of the 
renin-angiotensin system (RAS). Bisoprolol has been shown to be cardio protective in animal models. The 
molecular formula of bisoprolol fumarate is shown in Fig.1. 
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Levobunolol Hydrochloride 

Non-selective beta blocker. It is used topically to manage glaucoma[1].Levobunolol is an ophthalmic 
beta-blocker, equally effective at β(1)- and β(2)-receptor sites. Levobunolol reduces both elevated and 
normal IOP in patients with or without glaucoma. In patients with elevated IOP, levobunolol reduces 
mean IOP by approximately 25-40% from baseline. As the drug is a nonselective &beta-adrenergic 
blocking agent, it can produce both systemic pulmonary and cardiovascular effects following topical 
application to the eye. These effects include adverse pulmonary effects (eg. bronchoconstriction, 
increased airway resistance), and a decrease in blood pressure and heart ratefig (2). Referred to (BPC) [2] 

 
Fig. 1: Bisoprolol fumarate structure Fig.2Levobunolol hydrochloride structure 

Oxidation with Ce4+ 

Oxidation with Ce4+is commonly used for determination of some drugs such as, Ciprofloxacin 
[3],Cardiovascular [4] and Darifenacin[5]. There are few spectrophotometric methods for the assay of 
beta blockers and fewer for bisoprolol [6, 7, 8, 9, 10, 11, 12]. It should be noted that the actual 
spectrophotometric methods used for bisoprolol determination are UV-based and few HPLC methods for 
the assay of beta blockers and fewer for bisoprolol [13, 14, 15, 16, 17, 18] and some volumetric methods 
[19, 20, 21]. 

EXPERMENTAL 

Instrumentation 

T80 UV/Vis. double beam spectrophotometer, PG instruments Ltd Company, United Kingdom was 
used for absorbance measurements, and pH adjustment was carried out using (Adwa pH-meter, Model AD 
1030, Romania) 

MATERIALS AND CHEMICALS 

Product Mol.mass Formula Name 
 SEDICO 441.521 C22H35NO8 Bisopropalol fumarate 

SEDICO 327.849 C17H26ClNO3 Levobunolol Hydrochloride 
LOBAL  632.5 )NH4)2Ce(SO4)6 Ceric ammonium sulphate 
SDFCL 327.33 C14H14N3NaO3S Methyl orange 
SDFCL 466.346  C16H8N2Na2O8S2 Indigo carmine 
SIGMA 32.042  CH3OH Methanol 
SIGMA 46.069  CH3CH2OH Ethanol 
SIGMA 78.13 )CH3)2SO DMSO 
SIGMA 73.095  HCON(CH3)2 DMF 
SIGMA 58.08  C3H6O Acetone 
Elnasr 162.1406 C6H10O5)n( Starch 
Elnasr 120.366 MgSO4 Magnesium sulfate 
Elnasr 162.140 (C6H10O5)n Cellulous 

 
Market Samples 

Company Formulate Trade Name  Drug 
Merck Tablets concor Bisoprolol fumarate (10mg( 
Antibiotice Iasi Tablets bisotens Bisoprolol fumarate (10mg( 

Allergan Eye drop betagan Levobunolol hydrochloride (0.5%( 

 

https://en.wikipedia.org/wiki/Beta_blocker
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Buffers 

Universal Buffer Solutions 

A series of universal buffer solutions, covering the pH values ranging from 2 - 10 were prepared as 
recommended by Britton, (1952). 

Borate buffer solutions: 
A series of universal buffer solutions, covering the pH values ranging from 7 to 9 were prepared as 

recommended by Bower and Bates (1955). 

Acetate Buffer Solution 

A series of universal buffer solutions, covering the pH values ranging from 3 - 6 were prepared. 

Phosphate Buffer Solution 

A series of universal buffer solutions, covering the pH values ranging from 7 - 10 were prepared as 
recommended by Lurie (1978). 

Solutions 

Bisoprolol Solution 

A stock solution of(1x10-3 M) bisoprolol was prepared by dissolving an exact weight 0.044gin 100 
mLvolumetric flaskthen completed to the mark with distilled water. 

Levobunolol hydrochloride 

A stock solution of(1x10-3 M) lenovobunolol was prepared by dissolving an exact weight 0.032g in 100 
mL, completed to the mark with distilled water. 

Indigo Carmine (IC) 

 Astock solution of 1x10-3 M of Indigo carmine was prepared by dissolving an exact weight 0.046 gof 
Indigo carmine in 100 mL volumetric flask and completed to the mark with distilled water. 

Methyl Orange (MO) 

A stocksolution of1x10-3 M was prepared by dissolving an exact weight 0.0309 gof Methyl orange in 
100mLvolumetric flask and completed to the mark with distilled water. 

Ceric Ammonium Sulfate (Ce4+) 

A stock solution of 1x10-3 M ammoniumceric sulphate was prepared by dissolving an exact weight 
(0.0632 g) of ammoniumceric sulphate in 100 mL volumetric flask and completed to the mark with 
distilled water[25]. 

General Procedure 

In 10 mL volumetric flask, 1 ml of bisoprolol (1×10-3 M) was added to2.5 mL of ceric ammonium 
sulfate and waiting for 10 minutes, the solution was shacked, 1mL of the dye was added then 1 mL of 
H2SO4 (2M), in the same conditions we can determine lenovobunolol by using spectrophotometer, the 
unreacted oxidant ammonium ceric sulphate was determined by measuring the decrease in absorbance of 
drugs where, the suitable wavelengths 610 and 504 nm for indigo carmine and methyl orange dyes, using 
a reagent blank similarly prepared without studied material. 

Optimization of the reaction conditions 

In order to investigate the optimum reaction conditions for oxidation of studied materials by 1x10-3 
MCeric ammonium sulphate, the effect of different experimental variables were studied and recorded 
below 

Factors Affecting the Procedure 

I. Effect of Oxidant Volume 

A series of coloured solutions containing 1mL of dyes(1x10-3M) ,1 mL of H2SO4 (2M), 1mL of drugs 
(1x10-3M) and different volumes of 1x10-3Mammoniumceric sulphate and waiting for 10 minutes. The 
absorbance was measured at 610 nm for indigo carmine and 504 nm form ethyl orange against the 
reagent blank. 
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II. Effect of Dyes Concentration 

The effect of concentration of each dye on the oxidation process was investigated by adding different 
volume (0.5-2.0 mL) of 1x10-3Mindigo carmineor methyl orange to the proposed concentrations of the 
studied materials as above against the reagent blank 

III. Effect of Sequence of Addition 

Under the above mentioned conditions, the effect of sequence of additions on the oxidation process of 
the studied materials were investigated by measuring the absorbance of solutions prepared by different 
sequence of addition against a blank solution prepared by the same way without studied material. 

IV. Effect of Acid Volume 

The effect of concentration of acid on the oxidation process was investigated by adding different 
volume (0.5-2.0 mL) of sulphuric acid (2M)to the proposed concentrations of the studied materials as 
above against the reagent blank 

V. Effect of Time 

The time required to complete the oxidation of studied materials was studied by adding the optimum 
volume of each material as above for different time (5-60 min) 

VI. Effect of Temperature 

The effect of temperature on the oxidation process was studied by measuring the absorbance of 
solutions containing fixed amount of materials at different temperatures (30 – 60˚C) 

VII. Effect of Organic Solvent 

The effect of organic solvents on the absorption spectra of the formed complexes were studied in 
(propanol, ethanol, DMF, acetone) as solvents and the absorbance was measured using optimum 
conditions against the blank solution.  

VIII. Effect of Drug Concentration (Beer, s law) 

A series of coloured solutions containing 1mL of dyes (1×10-3 M), 1 mL of H2SO4 (2M) and 3 ml of 
ammoniumceric sulphate and different concentrations of drug measuredagainst the reagent blank,by 
applying the same conditions we can determine lenovobunolol drug. 

IX. Effect of Interference 

Different types of interference materials such as starch, talk, potassium chloride, MgSO4 and cellulous 
with 1x10-2 concentration was added and the absorbance was measured using optimum conditions 
against the blank solution.  

X. Applications 

Determination of Bisoprolol in Tablets and Levobunolol in Eye Drops 

By weighing 10 tablets from both concor and biston and taking weight of one tablet then dissolved it 
in 100 ml distill water then filtered with filter paper. By adding 1mL of dyes (1×10-3 M), 1 mL of H2SO4 
(2M) and 3 ml of ammoniumceric sulphate and different concentrations of drug sample against the 
reagent blank. By taken 7 drops from betagan eye drop and diluted in 100 ml distill water. By adding 1Ml 
of the dyes (1×10-3 M), 1 mL of H2SO4 (2M) and 3 ml of ammoniumceric sulfate and different 
concentrations of drug sample against the reagent blank. 

RESULTS AND DISCUSSION 

Oxidation with Ce4+ 

Ceric ammonium sulphate (Ce4+)has been used as an effective oxidizing agent for the determination of 
different materials. Ceric ammonium sulfate reacted with studied materials giving a number of oxidized 
products. The unreacted ceric ammonium sulfate oxidizes thedyes to form colourless products. The 
remaining(Ce4+) is measured spectrophotometrically at corresponding maximum wavelengths.  

Absorption Spectra of IC and MO 

Spectrophotometric determination of bisoprolol and lenovobunolol with ceric ammonium sulphate as 
oxidant in acidic medium. Absorption spectra of the studied materials with ceric ammonium sulphate and 
indigo carmine showed in Fig.1 and absorption spectra of the studied materials with ceric ammonium 
sulphate and methyl orange showed in Fig. 2. 
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Fig.1: Absorption curve with indigo carmine dye 

 
Fig. 1a): Absorption curve with methyl orange dye 

Factors Affecting the Oxidation of Drugs with Ce4+ 

a. Effect of Oxidant Volume 

In order to determine the optimum volume of 1x10-3Ceric ammonium sulfate different volume of Ce4+ 
are carried out the results for bisoprolol fumarate was showed in fig (2) and the results for lenovobunolol 
showed in fig (3) 

 
Fig.2: Effect of oxidant on bisoprolol fumarate  

 
Fig.3: Effect of oxidant on lenovobunolol  
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From showed figures it is clear that the suitable volume for the two drugs is 3 ml of oxidant which 
given maximum absorbance. 

b. Effect of Dye Volume 

In order to determine the optimum volume of 1x10-3indigo carmine for two drugs different volume of 
IC are carried out the results was showed in Fig. (4,5) 

From the next figures it is clear that the suitable volume is 1 ml indigo carmine with bisoprolol 
fumarate and 0.6 ml with lenovobunolol which given maximum absorbance. 

 
Fig.4: Effect ofIC volume on bisoprolol fumarate  

 
Fig.5: Effect of ICvolume on lenovobunolol 

While, in order to determine the optimum volume of 1x10-3methyl orange for two drugs different 
volumes of MO are carried out he results was showed in Fig. (6,7) 

 
Fig.6: Effect of MO volume on bisoprolol fumarate 

  
Fig.7: Effect of MOvolume on lenovobunolol 
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From showed figures it is clear that the suitable volume is 1.5 ml methyl orange with bisoprolol 
fumarate and 0.7 ml with lenovobunolol which given maximum absorbance. 

C. Effect of Sequence of Addition 

In order to determine the optimum sequence of addition, different sequence of addition against a 
blank solutions prepared by the same way without studied material. The most favorable sequence was 
(drugs– Ceric ammonium sulfate – sulphoric acid 2M – dye) for two drugs. 

Table 1: Sequance of additions with the two drugs 
Sequance Absorbance 

IC MO 
Drug + ceric ammonium sulfate + sulfuric acid 2M + IC + water 1.1 0.99 

Drug + ceric ammonium sulfate + IC + sulfuric acid 2M + water 0.999 0.96 

Drug + ceric ammonium sulfate + IC + water + sulfuric acid 2M 0.575 0.466 

Ceric ammonium sulfate+ drug + sulfuric acid 2M + IC + water 1.09 0.90 

d. Effect of Time 

In order to determine the optimum time require to complete oxidation of the two drugs, the 
absorbance was measured out at different time, the results were showed in Fig (8,9) 

From the next figures it is clear that the suitable time for complete oxidation of the drug with Ce4+ is 
15 min for two drugs which given maximum absorbance  

 
Fig.8: Effect of time with 1mL bisoprolol fumarate 

 
Fig.9: Effect of time with 1mL lenovobunolol 

e. Effect of Temperature 

In order to determine the optimum temperature for two drugs, different temperature was carried out 
and results was showed in Fig. (10,11) 
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Fig.10: Effect of temperature on bisoprolol 

 
Fig.11: Effect of temperature on lenovobunolol 

From showed figures it is clear that the suitable temperatureis 50 oc for two drugs which given 
maximum absorbance  

f. Effect of Organic Solvent 

In order to determine the optimum organic solvents on the absorption spectra different organic 
solvents were used, results for two drugs were showed in Fig. (12,13) 

From the next figures (12-13) it was observed that, no organic solvent increases the absorbance of 
each drug 

 
Fig.12: Effect of organic solvent onbisoprolol  

 
Fig.13: Effect of organic solvent on lenovobunolol 
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g. Effect of Drug Concentration (Beer,s law) 

In order to determine the optimum drugs concentration, different concentration of (1×10-3 M) 
bisoprolol and lenovobunolol with indigo carmine were used, results were showed in Fig. (14,15). 

  
Fig.14: Effect bisoprolol concentration with IC  

 
Fig. 15: Effect lenovobunolol concentration with IC 

From showed figure it is clear that range of Beer's law (8.8– 88)μg/mL for bisoprolol and (19.6 -45.2) 
for lenovobunolol with indigo carmine which give maximum absorbance 

In order to determine the optimum drugs concentration, different concentration of 1×10-3 Mbisoprolol 
and lenovobunolol with methyl orange were used, results were showed in Fig. (16,17) 

 
Fig.16: Effect bisoprolol concentration with MO 

 
Fig. 17: Effect lenovobunolol concentration with MO 
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From showed figure it is clear that range of Beer's law (66-88)μg/mL for bisoprolol and (19.6-
45.4)μg/mL for lenovobunolol with methyl orange which give maximum absorbance. 

h. Effect of Interferences 

The use of interference materials such as starch, talk, chloride, MgSO4 and cellulous by 20 fold excess 
with 1x10-2 concentration of each drug was added and the absorbance which show that there is no 
interference with each one. 

Table 2: Effect of interference on the determination of bisoprolol and levobunolol 
Foreign  
compound 

BF Levo 
without Abs. 

with 
RE% without Abs. with RE% 

Starch  0.620 0.610 98.4 0.920 0.915 99.5 
Talk  0.620 0.620 100 0.920 0.923 100.3 
Chloride, Cl- 0.620 0.630 101 0.920 0.925 100.5 
MgSO4 0.620 0.625 100.1 0.920 0.918 99.7 
cellulous 0.620 0.623 100.3 0.920 0.930 101 

Methods of Validation 

Analytical Parameters 

Table 3: Analytical parameters for determination of bisoprolol fumarate and lenovobunolol HCl 
using ceric ammonium sulphate as oxidant, indigo carmine and methyl orange as dyes 
Parameter BF Levo 

MO IC MO IC 
Wavelength (nm) 504 610 504 610 
Linearity range, μg/mL 8.8-66 8.8-88 22.8-42.1 22.8-45.1 
Molar absorptivity ,l/mol.cm 1.261x104 1.261x104 8.166 x103 8.166 x103 
Sandell,s sensitivity ,ng/cm2 35.1 35.1 40.146 40.146 
Slope(b) 0.0114 0.0175 0.0224 0.0364 
Intercept(a) 0.159 0.193 0.141 0.417 
Correlation coefficient(r) 0.9367 0.9867 0.9819 0.9829 
Relative stander deviation 2.109% 2.411% 2.001% 2.001% 
LOD 0.250 0.2310 0.201 0.222 
LOQ 0.6692 0.7692 0.558 0.658 

From the results methods are simple, sensitive and accurate. 
BF: Bisoprolol Fumarate, Levo: levobunolol citrate 

Accuracy and Precision 

Table 4: Accuracy and precision of drugs with indigo carmine 
Drugs Taken, Intra-day (n=7)inter-day (n=5) 

μg/mL found RE% RSD% found RE% RSD% 
μg/mL μg/mL 

bisoprolol 44 43.99 1.95 1.07 43.99 2.90 1.20 
66 65.9 1.82 1.00 65.99 2.73 2.24 
88 87.96 1.25 1.42 87.95 1.65 1.45 

Levobunolol 29.4 29.43 1.20 8.12 29.43 1.40 1.20 
35.9 35.7 2.24 4.30 35.8 2.67 2.24 
45.7 45.77 1.45 3.59 75.7 1.80 1.45 

Table 5: Accuracy and precision of drugs with methyl orange 
Drugs Taken,Intra-day (n=7)inter-day (n=5) 

μg/mL found RE% RSD%foundRE% RSD% 
μg/mL μg/mL 

bisoprolol 44 43.99 1.90 1.20 43.99 1.07 1.8 
66 65.9 2.73 2.24 65.99 3.27 1.02 
88 87.96 1.65 1.45 87.95 2.09 1.42 

Levobunolol 29.4 29.43 1.40 1.20 29.43 1.47 8.12 

35.9 35.7 2.67 2.24 35.8 2.26 4.30 
45.7 45.77 1.80 1.45 75.7 2.07 3.59 
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Robustness and Ruggedness 

Table 6: Robustness and ruggedness of the two drugs with indigo carmine 
Drugs  Method robustness Method ruggedness 

Taken, volume of Ce4+reaction time inter- analysts inter- instruments 
μg/mLRSD% %RSD %RSD %RSD  
(n=3) (n=4) (n=4) (n=4) 

bisoprolol 44 1.26 1.90 1.12 1.63 
66 1.78 2.20 1.25 1.84 
88 2.09 1.42 2.23 2.98 

Levobunolol 29.4 1.00 1.67 1.07 1.36 
35.9 2.08 1.82 1.08 1.21 
45.7 1.55 1.02 2.09 2.35 

Table 7: Robustness and ruggedness of drugs with methyl orange 
Drugs  Method robustness Method ruggedness 

Taken, volume of Ce4+ reaction time inter- analysts inter- instruments 
μg/mLRSD% %RSD %RSD %RSD  
 (n=3) (n=4) (n=4) (n=4) 

bisoprolol 44 1.08 1.36 1.09 1.34 
66 1.25 1.84 2.20 1.84 
88 2.23 2.98 1.42 2.98 

Levobunolol 29.4 1.07 1.36 1.67 1.36 
35.9 1.08 1.21 1.82 1.21 
45.7 1.22 2.02 1.25 2.00 

Applications of the Proposed Method 

The validity of the suggested procedure was investigated for determination of drugsconcor, biston 
tablets and betagan eye drop with indigo carmine and methyl orange dyes. After the experiments and the 
effects of organic and organic solvents and the arrangement of additives for the best method has been 
applied to the medicines sampleConcor® (Merck) – 5 mg/ tablet, Bisotens® (Antibiotice Iasi) – 5 
mg/tablet and betagan 5mg/mlas shown in table(8.9) 

Table 8: concor, bisotenstablets and betaban eye dropwith IC dye 
Drugs Taken,μg/mL Foundμg/mL Recovery% Recommend Precision, RSDa% SE 
Concor® 44 43.99 99.99 43.96 1.07 3.17x10-3 

66 65.99 99.99 65.66 1.58 8.7x10-3 
88 87.95 99.89 87.80 1.42 7.8x10-3 

Bisotens ® 44 43.99 99.99 43.90 1.07 3.2x10-3 
66 65.99 99.99 56.98 1.00 2.7x10-3 
88 87.96 99.89 87.99 1.42 8.4x10-3 

Betagan 29.43 29.43 100 29.40 8.12 0.02 
35.97 36.96 99.99 36.92 4.303 0.0178 
45.78 45.77 99.99 45.75 3.59 0.017 

Table 9: concor, bisotens tablets and betaban eye drop with MO dye 
Drugs Taken,μg/mL Foundμg/mL Recovery% Recommend  Precision, RSDa% SE 
Concor® 17.6 17.59 99.99 17.55 5.33 0.018 

44 43.99 99.99 43.93 4.411 0.015 
66 65.99 99.99 65.95 2.469 0.014 

Bisotens ® 17.6 17.59 99.99 17.56 1.07 3.2x10-3 
44 44 100 43.99 3.272 0.012 
66 65.99 99.99 65.90 2.099 0.013 

Betagan 32.7 32.69 99.99 32.65 4.478 0.011 
39.24 39.24 100 39.19 2.26 0.012 
45.78 45.77 99.99 45.75 2.074 0.010 

Recommend method referring to pharmacopeia 

a Relative standard deviation for three determination 

CONCLUSION 

The estimated method is superior when compared to many of spectrophotometric techniques in 
having higher sensitivity. The obtained data confirm that the method is simple, sensitive with good 
accuracy and precision. It does not require expensive chemicals or experimental manipulation. The 
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method does not also need heating or any organic solvent. It can be used directly to determine the 
examined drugs without previous extraction where the common excipients donot interfere.  
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