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ABSTRACT: Three simple, rapid, sensitive, specific and economic 

spectrophotometric methods were developed and validated for 

simultaneous quantitation of timolol maleate (TM) and brimonidine 

tartarate (BT) in bulk powder and eye drops.  Vierordt’s and bivariate 

calibration algorithm spectrophotometric methods were developed for the 

simultaneous estimation of cited drugs in a binary mixture without 

previous separation.    In the simultaneous equation method (Vierordt’s), 

TM and BT were quantified using their absorptivity values at selected 

wavelengths 257 nm and 295 nm, respectively.  Also bivariate calibration 

procedure was successfully applied for simultaneous determination of 

both drugs.  Difference spectrophotometric method was also tried and 

showed high selectivity for BT determination without any interference 

from TM or eye drops additives.  The accuracy and reproducibility of the 

proposed methods were statistically validated by recovery studies.  The 

calibration curves were found to be rectilinear over the concentration 

ranges 5-85 μg/mL for TM in all methods. BT calibration curves were 

rectilinear over the concentration (2–35 μg/mL) in case of D1 and 

Vierordt’s methods, while (5–35 μg/mL) in case of bivariate method at 

the previously mentioned wavelengths, in addition to (4-50 μg/mL) in 

case of difference spectrophotometry.  The proposed methods can 

determine different concentrations of bulk powder with satisfied mean 

percentage recoveries. The proposed methods are economic and rapid 

methods only a few minutes were required for the analysis. So, they can 

be used for routine analysis of both drugs in quality control laboratories. 

INTRODUCTION: Timolol Maleate (TM) (-)-1 - 

(tert-butylamino)-3-[(4-morpholino-l, 2, 5-

thiadiazol-3-yl)-oxy]-2-propanol 
1
.     
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TM is a nonselective beta-adrenergic receptor 

antagonist that lowers intraocular pressure by 

decreasing the production of aqueous humour 
2
.  

Brimonidine Tartrate (BT) [5-bromo-6-(2-

imidazolidinylideneamino) quinoxaline L-tartrate] 

is a selective alpha-2 adrenergic agonist, used in 

the treatment of open-angle glaucoma or ocular 

hypertension.  
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The mechanism of action of Brimonidine to 

reduces intraocular pressure by decreasing aqueous 

secretion 
2
.  Various methods have been reported 

for both drugs individually.  TM can be determined 

by titrimetric official methods USP 
1
 and BP 

3
, 

HPLC methods 
4, 5

, HPTLC method 
6
, 

chemiluminescence methods 
7, 8

, voltammetric 

determination 
9-11

.   

The reported methods for BT were HPLC 
12-15

, 

HPTLC 
16

, UV Spectrophotometric method for the 

estimation of BT 
17, 18

, capillary electrophoresis 
19

, 

gas chromatography with mass detection 
20

.  Also 

simultaneous determinations of both drugs were 

reported by spectrophotometric determination 
21, 22

, 

TLC-densitometry 
23

 and simultaneous estimation 

of TM and BT in nanoparticles formulation by RP-

HPLC 
24

.  The aim of this work was to develop and 

validate simple, rapid and economic 

spectrophotometric methods suitable for 

simultaneous determination of TM and BT in 

binary mixture without any interference from 

preservative or any inactive ingredients present in 

eye drops.  

EXPERIMENTAL 

Reagents and chemicals: All chemicals used were 

of analytical grade.  Distilled water was used 

throughout the study. 

 Timolol maleate, its purity was found to be 

100.0 ± 0.697 according to the comparison 

method
21

, brimonidine tartarate (BT), its 

purity was found to be 100.2 ± 1.070 

according the comparison method 
21

 and 

benzalkonium chloride (BZ), were kindly 

supplied by SIGMA Pharmaceuticals 

Industries, Egypt. 

 Combigan
®

 eye drops, each 1 mL labeled to 

contain 6.8 timolol maleate (equivalent to 

5.0 mg timolol) and 2.0 mg brimonidine 

tartarate, and 0.05 mg benzalkonium 

chloride as a preservative, manufactured by 

Allergan Pharmaceuticals Ireland, 

Westport, Co. Mayo, Ireland was purchased 

from local market.   

 Sodium hydroxide (Sigma, Egypt), 0.1N 

NaOH solution.  

 Hydrochloric acid 30% v/v (Adwic, Egypt), 

0.1N HCl solution. 

Instrument: A JASCO V-530 double beam UV-

VIS spectrophotometer with a fixed slit width (2 

nm) connected to a computer loaded with Spectra 

Manager Program (JASCO) was used for spectral 

acquisition and elaboration of the data obtained.  

Quartz cuvettes, 1-cm path length, were used for 

measuring the light absorption in ultra-violet region 

(200-400 nm). 

Preparation of solutions:  

1. Preparation of standard solutions: 

Standard stock solutions:  

- Standard stock solution of TM (1.0 

mg/mL): An accurately weighed 100.0 mg 

of TM was transferred into 100-mL 

volumetric flask, dissolved and completed 

to volume with distilled water.  

- Standard stock solution of BT (1.0 mg/mL): 

An accurately weighed 100.0 mg of BT was 

transferred into 100-mL volumetric flask, 

dissolved and completed to volume with 

distilled water.  

- Standard stock solution of BZ (0.2 mg/mL): 

An accurately weighed 20.0 mg of BZ was 

transferred into 100-mL volumetric flask, 

dissolved and completed to volume with 

distilled water. 

Standard working solutions: 

- Standard working solution of TM (0.1 

mg/mL): 10 mL of the previously prepared 

standard stock solution was transferred into 

100-mL volumetric flask then completed to 

volume with distilled water.  

- Standard working solution of BT 

(0.04 mg/mL) used in Vierordt’s and 

bivariate calibration spectro-

photometry: 4 mL of the previously 

prepared standard stock solution was 

transferred into 100-mL volumetric 

flask then completed to volume with 

distilled water.  
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- Standard working solution of BT (0.08 

mg/mL) used in difference 

spectrophotometry: 8 mL of the 

previously prepared standard stock 

solution was transferred into 100-mL 

volumetric flask then completed to 

volume with distilled water.  

- Standard working solution of BZ (1.0 

µg/mL): 0.5 mL of the previously prepared 

standard stock solution was transferred into 

100-mL volumetric flask then completed to 

volume with distilled water.  

Preparation of eye drops solutions: 

1. Eye drop stock solution: Stock solution 

equivalent to 136 μg/mL of TM and 40 

μg/mL of BT was prepared by transferring 1 

mL of Combigan
®
 eye drops into 50-mL 

volumetric flask then completed to volume 

with distilled water. 

2. Eye drop working solutions: Portions 2.5 

mL, 3.75 mL and 5 mL of the previously 

prepared eye drops stock solution were 

accurately transferred separately into two 

sets each set composed of three 10-mL 

volumetric flasks then completed to volume 

with 0.1N NaOH for first set or with 0.1N 

HCl for second set. 

Laboratory-prepared mixtures 

a. Preparation of laboratory prepared: Three 

laboratory prepared mixtures containing 

different ratios of TM, BT and BZ were 

prepared as the following: 

- Ratio of (34: 10: 0.25 µg/mL), 3.4 mL of 

TM standard working solution (0.1 

mg/mL), 2.5 mL of BT standard working 

solution (0.04 mg/mL) and 2.5 mL of BZ 

standard working solution (1.0 µg/mL) 

were transferred into 10-mL volumetric 

flask then the volume was completed with 

0.1N NaOH, simulating the ratio of 

commercial eye drops. 

- Ratio of (10: 10: 0.1 µg/mL) 1 mL of TM 

standard working solution (0.1 mg/mL), 2.5 

mL of BT standard working solution (0.04 

mg/mL), and mL of BZ standard working 

solution (1.0 µg/mL) were transferred into 

10-mL volumetric flask then the volume 

was completed with 0.1N NaOH. 

- Ratio of (10: 20: 0.1 µg/mL), 1 mL of TM 

standard working solution (0.1 mg/mL), 5 

mL of BT standard working solution (0.04 

mg/mL) and 1 mL of BZ standard working 

solution (1.0 µg/mL) were transferred into 

10-mL volumetric flask then the volume 

was completed with 0.1N NaOH. 

In case of difference spectrophotometric method, 

the same mixtures were prepared in 0.1N HCl in 

addition to that prepared in 0.1N NaOH.  

Procedures: 

1. Spectra characteristic relationship: - 

Scanning of absorption spectra of TM and 

BT in presence of BZ used in Vierordt’s 

and bivariate calibration spectrophotometry. 

Into three separate 10-mL volumetric flasks, 

solutions containing 35.0 μg/mL of TM and 

10.0 μg/mL of BT and 0.25 μg/mL of BZ 

were prepared by transferring 3.5 mL of 

TM, 2.5 mL BT and 2.5 mL BZ from their 

respective standard working solutions then 

the volume was completed with 0.1N 

NaOH.  The zero-order (D0) absorption 

spectrum of each solution was recorded 

over the range of 200-450 nm against 0.1N 

NaOH as a blank.   

2. Scanning of absorption spectra of TM 

and BT in presence of BZ used in 

difference spectrophotometry: Solutions 

containing 34 μg/mL of TM and 10 μg/mL 

of BT and 0.25 μg/mL of BZ were prepared 

by transferring appropriate volume from 

their respective standard working solutions 

into 10-mL volumetric flask in duplicate 

sets.  The volume was then adjusted with 

0.1N HCl and 0.1N NaOH separately to 

give equimolar solutions in different pH 

medium. 
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The D0 absorption spectra of the equimolar 

solutions in different pH medium were 

scanned against their specific blank, then 

the difference spectra (ΔA) of the studied 

drugs were obtained by keeping acidic form 

(in 0.1N HCl) in reference cell and basic 

form (in 0.1N NaOH) in sample cell.  

Validation procedure: 

1. Linearity: Construction of calibration 

curves for Vierordt’s and bivariate 

calibration spectrophotometry. Aliquots 

equivalent to 50 – 850 μg of TM and 20-

350 μg for BT from their respective 

standard working solution, were transferred 

separately into two series of 10-mL 

volumetric flasks then the volume was 

completed with 0.1N NaOH.  The D0 

absorption spectrum of each solution was 

recorded against 0.1N NaOH as a blank.  

Construct the calibration curves relating the 

absorbance at the wavelengths 257 nm and 

295 nm to the corresponding drug 

concentrations in Vierordt’s method, while 

in bivariate calibration method the selected 

two wavelengths were 260 nm and 300 nm 

for the two drugs.  The corresponding 

regression equations were computed at the 

selected wavelengths for both drugs in both 

methods.   

- Construction of calibration curve for 

difference spectrophotometry: Aliquots 

equivalent to 40–500 μg of BT from 

standard working solution (0.08 mg/mL), 

were transferred separately into two series 

of 10-mL volumetric flasks.  The volume 

was then adjusted with 0.1N HCl and 0.1N 

NaOH separately to give equimolar 

solutions in different pH medium.  

Difference spectra (ΔA) were obtained by 

keeping acidic form (in 0.1N HCl) in 

reference cell and basic form (in 0.1N 

NaOH) in sample cell.  Calibration curve 

was constructed at 268 nm for BT relating 

the absorbance difference (ΔA) between 

two solvents against drug concentrations 

and the corresponding regression equation 

was computed. 

2. Accuracy: The previously mentioned 

procedure under linearity was applied for 

the determination of different 

concentrations of TM and BT in all 

methods. The concentrations were 

calculated from their corresponding 

regression equations. The recovery 

percentages, the mean recovery and SD 

were then calculated. To prove the accuracy 

of the proposed method, the results of the 

assay of TM and BT in pure form by the 

proposed methods was compared with those 

obtained using the comparison method 
21

. 

Also, the accuracy of the proposed 

procedure was assessed by applying the 

standard addition technique, by spiking 

different known concentrations of pure 

drugs to eye drops. Each solution was 

measured in triplicate and the 

concentrations of added TM and BT were 

calculated using the regression equations of 

each method.  

3. Precision: 

a. Intra-assay precision (Repeatability):  

The Intra-assay precision was evaluated for 

the studied drug by assaying three 

concentrations of TM (35, 45 and 55 μg/mL 

were analyzed by all methods) and BT (10, 

20 and 30 μg/mL were analyzed by all 

methods) triplicate, using the previously 

mentioned procedure under “linearity” of 

each method.  The percentage recovery and 

standard deviation were calculated.  

b. Intermediate precision: The previous 

procedure mentioned under “linearity” for 

all methods was repeated on three 

successive days for assaying the three 

prepared solutions of TM (35, 45 and 55 

μg/mL were analyzed by all methods) and 

BT (10, 20 and 30 μg/mL were analyzed by 

all methods) triplicate. The percentage 

recovery and standard deviation were 

calculated. 

4. Selectivity: The D0 absorption spectra of 

laboratory-prepared mixtures were recorded 

and then the procedures under linearity of 

each method were carried out.  The 
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concentrations of TM and BT in each 

mixture were calculated from their 

corresponding regression equations of each 

method. Also, the prepared working 

solutions of Combigan® eye drops were 

analyzed as mentioned under “linearity” for 

all methods.  The concentrations of TM and 

BT were calculated from their 

corresponding regression equations of each 

method. 

5. Limit of detection (LOD) and Limit of 

quantification (LOQ): LOD and LOQ for 

TM and BT were calculated according to 

ICH Q2 (R1) recommendation 
25

.  LOQ and 

LOD had been calculated from the linearity 

of the calibration curve of each method. 

RESULTS AND DISCUSSION: The completely 

overlapped spectra of TM and BT in alkaline 

solution were represented in Figure 1. This spectral 

overlapping is sufficient to demonstrate the 

resolving power of the proposed Spectrophoto-

metric methods. The direct spectrophotometric 

method cannot be directly applied to the 

simultaneous determination of the two drugs in 

their mixture without prior separation. In contrast, 

the proposed methods can resolve the overlapping.   

Different solvents were tried (to obtain less spectral 

overlap) as 0.1 N HCl solution and 0.1N NaOH 

solution.  The best solvent giving the best crossing 

point for resolving the mixture was found to be 

0.1N NaOH due to the bathochromic shift that 

happened to BT, (Figure 1).   

 
FIGURE 1: ZERO ORDER ABSORPTION SPECTRUM OF 10 µg/mL BT (

____
), 35 µg/mL TM ( 

__ __
 ) AND 0.25 µg/mL 

BZ (
.....

) USING 0.1N NaOH AS BLANK  

1. Vierordt’s method: In order to apply the 

Vierordt’s method in the resolution of 

binary mixture of TM and BT, the 

absorbance of each component TM or BT at 

the two maximum wavelengths 257 nm and 

295 nm, respectively were recorded, Figure 

(1).  Then the concentrations of TM and BT 

were calculated using the following 

simultaneous equations: 

 

 

Where   C1: Concentration of TM (mole/liter) 

C2: Concentration of BT (mole/litre) 

A1: Absorbance of the laboratory prepared mixtures 

at 295nm. 

A2: Absorbance of the laboratory prepared mixtures 

at 257 nm. 

α1: Molar absorptivity of TM at 295 nm. 

α2:  Molar absorptivity of TM at 257 nm. 

β1: Molar absorptivity of BT at 295 nm. 

β2: Molar absorptivity of BT at 257 nm. 
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Experimental parameters were calculated for the 

determination of TM and BT at optimal wavelength 

for each other by Vierordt’s method. 

 

2. Bivariate calibration curve method: The 

principle of bivariate calibrations is the 

measurement of absorbance (AAB1, AAB2) of 

binary mixture (A, B) at two carefully 

selected wavelengths (1, 2), to obtain two 

equations: 

AAB1 = mA1CA + mB1CB + eAB1,       AAB2 = mA2CA 

+ mB2CB + eAB2. 

Where eAB1, eAB2 are the sum of the intercepts of 

the linear calibration at two wavelengths (eAB1 = eA1 

+ eB1), mA, mB are the slopes of the linear 

regression and CA, CB are the concentrations of the 

analytes. 

The resolution of such equations, allows the 

evaluation of CA and CB values: 

 

 

The simple mathematical algorithm allows the 

resolution of the binary mixture by measuring the 

absorbance of the mixtures at the two wavelengths 

and using the parameters of the linear regression 

functions evaluated individually for each 

component at these same wavelengths.  The 

method of Kaiser 
26

 was used for the selection of 

optimum wavelengths set which assured the best 

sensitivity for the determination.  A series of 

sensitivity matrices, K, was created for each binary 

mixture and for every pair of pre-selected 

wavelengths: 

 

Where mA1,2 , mB1,2 are the sensitivity parameters 

of the components A, B at the two selected 

wavelengths (1, 2).  It was decided to use the 

values of the linear regression calibration slopes at 

the sensitivity factor.  The determinants of these 

matrices were calculated and the wavelength set 

was selected for which the highest matrix 

determinant value was obtained. 

For TM and BT mixture, nine wavelengths (245, 

255, 260, 265, 275, 285, 290, 300 and 305 nm) 

were taken and the slope values of the linear 

regression were estimated for the respective 

components at the selected wavelengths.  Using the 

obtained data, the sensitivity matrices were created 

and the respective determinants were calculated, 

(Table 1).  260 nm and 300 nm were used for 

bivariate determination of TM and BT. 

TABLE 1): APPLICATION OF THE KAISER METHOD
 26 

FOR THE SELECTION OF WAVELENGTH SET FOR 

THE MIXTURE OF TM AND BT 

λ1 

λ2 
245 nm 255 nm 260 nm 265 nm 275 nm 285 nm 290 nm 300 nm 305 nm 

245 nm 0 11.32 8.06 2.63 29.79 57.83 67.25 69.92 63.66 

255 nm  0 5.31 18.59 56.01 97.70 110.98 112.97 103.06 

260 nm   0 14.46 53.82 96.64 110.51 113.17 103.87 

265 nm    0 35.91 72.28 84.67 88.59 80.61 

275 nm     0 29.02 40.71 48.68 43.78 

285 nm      0 13.51 24.03 22.97 

290 nm       0 10.91 2.51 

300 nm        0 1.63 

305 nm         0 

The absolute values of determinants of sensitivity matrices (K x 10
-5

) 
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3. Difference Spectrophotometry (ΔA): 

Ultraviolet absorbance spectra of many 

substances containing ionizable functional 

group e.g. phenols, aromatic carboxylic 

acids and amines are dependent on the state 

of ionization of the functional groups and 

consequently on the pH of the solution. 

Different absorbance spectra of equimolar 

solutions of BT in 0.1N HCl and 0.1N 

NaOH were shown in Figure (2).  BT could 

be determined by measuring the absorbance 

difference (ΔA) at 268 nm without any 

interference from either active or inactive 

ingredients (Figure 3).   

 
FIGURE 2: The D0 ABSORBANCE SPECTRA OF EQUIMOLAR SOLUTIONS (6 µg/mL) OF BT in 0.1N HCl ( 

_ _ _
 ) 

USING 0.1N HCl AS BLANK AND IN 0.1N NaOH ( 
_____

 ) USING 0.1N NaOH 

 
FIGURE 3: ΔA SPECTRA OF 10 µg/mL BT (

____
), 34 µg /mL TM (

_ _ _
), 0.25 µg/mL BZ (

.....
) AND LABORATORY 

PREPARED MIXTURE OF ALL (-.-.-) IN 0.1N NaOH USING THE ACIDIC FORM IN 0.1N HCl AS BLANK   

4. Methods validation: All methods were 

validated according to the ICH Q2 (R1) 

recommendation 
25

.  

a. Linearity and range: The calibration 

curves were found to be rectilinear over the 

concentration ranges 5-85 μg/mL for TM in 

all methods. BT calibration curves were 

rectilinear over the concentration (2–35 

μg/mL) in case of D1 and Vierordt’s 

methods, while (5–35 μg/mL) in case of 

bivariate method at the previously 

mentioned wavelengths, in addition to (4-50 

μg/mL) in case of difference 

spectrophotometry. The regression 

equations in D1 method were computed at 

313 nm and 386 nm for TM and BT, 

respectively, and found to be: 

P313 = 0.0007C - 0.0004             

r = 0.9999                      For TM   

P386 = 0.0206C + 0.0003                            

r = 0.9999                      For BT   
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Where P313 is the peak amplitude at 313 nm, P386 is 

the peak amplitude at 386 nm, C is the 

concentration of the drug in μg/mL and r is the 

correlation coefficient. 

The regression equations in Vierordt’s method 

were calculated for the calibration curves at the two 

maximum wavelengths for each component and 

were found to be: 

A257= 0.0048C - 0.0033       r = 0.9999    for TM        

at 257 nm               

A295= 0.0223C - 0.0094       r = 0.9999    for TM        

at 295 nm                     

A257= 0.0572C - 0.0036       r = 0.9999    for BT         

at 257 nm               

A295= 0.0131C - 0.0056       r = 0.9999    for BT         

at 295 nm               

Where A is the absorbance value at 257 nm and 

295 nm, C is the concentration in μg/mL and r is 

the correlation coefficient. 

The linear regression equations of bivariate 

calibration method were found to be: 

A260= 0.0055C - 0.0041       r = 0.9999 For TM       

at 260 nm                  

A300= 0.0211C - 0.0053       r = 0.9999 For TM       

at 300 nm                        

A260= 0.0564C - 0.028         r = 0.9999 For BT        

at 260 nm                   

A300= 0.0106C - 0.0012       r = 0.9999 For BT        

at 300 nm                  

Where A is the absorbance value at 260 nm and 

300 nm, C is the concentration in μg/mL and r is 

the correlation coefficient. 

The regression equation of ΔA procedure for BT 

was computed and found to be: 

P268 = 0.028C + 0.003                           

r = 0.9999                    For BT  

Where P268 is the peak amplitude at 268 nm, C is 

the concentration in μg/mL and r is the correlation 

coefficient.  

The results obtained show that linearity of the 

calibration graphs and the compliance with Beer's 

law were validated, as illustrated by the high values 

of correlation coefficients of regression equations 

and the small values of intercepts (table 2). 

TABLE 2: ASSAY VALIDATION SHEET OF THE PROPOSED SPECTROPHOTOMETRIC METHODS FOR THE 

DETERMINATION OF TM AND BT 

Parameter 

TM BT 

Vierordt’s 

method 

Bivariate 

method 

Vierordt’s 

method 

Bivariate 

method 
ΔA method 

Validation of regression equation: 

Slope 
a
 

0.0048(at 257) 

0.0223(at 295) 

0.0055(at 260) 

0.0211(at 300) 

0.0572(at 257) 

0.0131(at 295) 

0.0564(at 260) 

0.0106(at 300) 
0.0280 

Intercept 
a
 

-0.0033(at 257) 

-0.0094(at 295) 

-0.0041(at 260) 

-0.0053(at 300) 

-0.0036(at 257) 

-0.0056(at 295) 

-0.0280(at 260) 

-0.0012(at 300) 
0.0030 

Correlation coefficient 
0.9999(at 257) 

0.9999(at 295) 

0.9999(at 260) 

0.9999(at 300) 

0.9999(at 295) 

0.9999(at 295) 

0.9999(at 260) 

0.9999(at 300) 
0.9999 

Validation of response: 

Concentration range (µg/mL) 5-85 5-85 2-35 2-35 4-50 

LOD (µg/mL) 1.40 1.47 0.37 0.59 0.96 

LOQ (µg/mL) 4.24 4.46 1.13 1.80 2.90 

Average accuracy % 100.3 99.9 99.9 100.1 100.1 

S.D. (precision) 0.702 0.966 0.773 1.116 1.131 

   D ( D  100/  ) 0.700 0.967 0.774 1.115 1.130 

  Error (    D/√ n) 0.221 0.306 0.293 0.421 0.461 

Repeatability*
b
± S.D. 99.7 ± 0.374 100.5 ± 0.093 100.6 ± 0.728 100.1 ± 1.670 100.3 ± 1.572 

Intermediate precision*
b
± S.D. 100.5 ± 0.745 99.2 ± 1.495 99.3 ± 0.551 100.0 ± 1.415 100.6 ± 1.054 

Specificity 100.6 ± 0.702 100.2 ± 0.839 100.3 ± 0.902 101.1 ± 0.569 99.8 ± 0.503 
a 
Results of three determinations. 

b 
=3x3. 
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b. Limits of detection and quantification 

(LOD-LOQ): LOQ and LOD had been 

calculated from the linearity of the 

calibration curve of each method and 

satisfactory results were obtained Table (2). 

c. Accuracy: The proposed methods can 

determine different concentrations of bulk 

powder with mean percentage recoveries of 

99.4 ± 0.921 for TM and 99.7 ± 1.009 for 

BT in D1 method.  While the proposed 

Vierordt’s method can determine different 

concentrations of bulk powder with mean 

percentage recoveries of 100.3 ± 0.702 for 

TM and 99.9 ± 0.773 for BT.  Alternatively, 

the proposed bivariate calibration method 

can determine different concentrations of 

TM and BT in bulk powder with mean 

percentage recoveries of 99.9 ± 0.966 and 

100.1 ± 1.116, respectively. The proposed 

ΔA method can determine different 

concentrations of bulk powder with mean 

percentage recovery of 100.1 ± 1.131 for 

BT.  To prove the accuracy of the proposed 

methods, the results of the assays of TM 

and BT in pure forms was compared with 

those obtained using the comparison 

method 
21

. Statistical comparison of the 

results obtained by the proposed methods 

with those obtained by the comparison 

method using student t-test and variance 

ratio F-test 
27

 revealed no significant 

differences between the performances of all 

methods in Table 3. 

d. Precision: Precision of the assays was 

determined in relation to repeatability 

(intra-assay) and intermediate precision 

(inter-assay). In order to evaluate the 

repeatability of the methods, nine samples 

were determined during the same day for 

three concentrations of TM and BT. 

Intermediate precision was studied by 

comparing the assays performed on three 

different days. The SD values were less 

than 2 demonstrating that the method was 

precise.  Good recoveries were obtained for 

each concentration, confirming that the 

method was accurate (Table 2). 

e. Selectivity (Application to laboratory-

prepared mixtures of TM and BT in 

presence of BZ): The proposed methods 

were successfully applied for the 

determination of different ratio of TM and 

BT in laboratory-prepared mixtures.  

The mean percentage recoveries and 

standard deviations were shown in Table 4. 
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TABLE 4: DETERMINATION OF TM AND BT IN LABORATORY PREPARED MIXTURES BY THE PROPOSED 

METHODS 

Proposed Method 
Concentration (µg/mL) Mean ± SD* 

TM BT BZ TM BT 

Vierordt’s 34.00 

 

10.00 

 

10.00 

10.00 

 

10.00 

 

20.00 

0.25 

 

0.10 

 

0.10 

100.6 ±  0.702 100.3 ±  0.902 

Bivariate calibration 100.2 ± 0.839 101.1 ± 0.569 

ΔA ------ 99.8 ± 0.503 

*Each result is the average of three separate determinations  

5. Application to Pharmaceutical 

Formulation: The suggested methods were 

valid and applicable for the analysis of 

Combigan
®
 eye drops with no interference 

from the additives or preservative.  

The accuracies of the proposed procedures 

were assessed by applying the standard 

addition technique and the results were 

shown in Table 5. 

TABLE 5: DETERMINATION OF TM IN COMBIGAN
®
 EYE DROPS BY THE PROPOSED METHODS AND 

APPLICATION OF STANDARD ADDITION TECHNIQUE 

 

Proposed 

Method 

Product in 

Combigan eye 

drops
®a

 

Proposed 

method 
Standard addition 

Mean ± SD* 
Claimed 

μg/mL 

Added 

μg/mL 

Found 

μg/mL 

Recovery 

%* 
Mean ± SD* 

Vierordt’s 

method 

TM 100.0 ±  0.721 25.00 

10.00 

25.00 

50.00 

9.92 

24.78 

49.55 

99.2 

99.1 

99.1 

99.1 ±  0.058 

BT 98.6 ±  0.100 10.00 

5.00 

10.00 

20.00 

4.96 

9.84 

19.93 

99.2 

98.4 

99.7 

99.1 ±  0.656 

Bivariate 

calibration 

method 

TM 100.1 ± 0.351 25.00 

10.00 

25.00 

50.00 

9.82 

25.14 

49.72 

98.2 

100.6 

99.4 

99.4 ± 1.200 

BT 

98.6 ± 0.252 

10.00 

5.00 

10.00 

20.00 

4.99 

10.03 

19.92 

99.8 

100.3 

99.6 

99.9 ± 0.361 

ΔA method 100.0 ± 0.252 

4.94 

9.83 

20.13 

98.8 

98.3 

100.7 

99.3 ± 1.266 

*Each result is the average of three separate determinations. 
a
 Batch no. E66681. 

CONCLUSIONS: From the previous discussion, it 

could be concluded that the proposed methods are 

simple and do not require sophisticated techniques 

or instruments. They are also sensitive and 

selective and could be used for routine analysis of 

simultaneous determination of TM and BT in their 

available dosage form without prior separation 

except ΔA method is for sensitive determination of 

BT only. 

There is no significant difference in terms of 

precision between all the methods. They are 

economic methods. Only a few minutes were 

required for the analysis in the developed methods.  
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