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ABSTRACT 

Timolol Maleate and Brimonidine Tartrate combination is used for the topical treatment of intra -occular pressure in 

patients of glaucoma. Three rapid, simple, accurate and precise UV spectrophotometric methods have been developed namely 

simultaneous equation method (Method 1), First Derivative Method (Method 2) and Ratio First Derivative Method (Method 3)   

for the simultaneous estimation of Timolol Maleate (TM) and Brimonidine Tartrate (BRT). In Method 1, Timolol Maleate and 

Brimonidine Tartrate exhibit good linearity over the concentration range of  2-50 µg/ml and 2-14 µg/ml respectively  at 294 nm 

and 255 nm wavelengths. Method 2 is based on First Derivative Method, the ZCP of TM selected for the estimation of BRT is 

294.3 nm and the ZCP of BRT selected for the estimation of TM is 302.3 nm. Linearity range is 2-50 µg/ml and 2-14 µg/ml for 

TM and BRT respectively. Method 3 is based on Ratio First Derivative Spectrophotometry. Linearity range is 2-50 µg/ml and 

2-14 µg/ml at 290 nm and 244 nm for TM and BRT respectively. The proposed methods were validated according to the ICH 

guidelines for the evaluation of accuracy, precision and sensitivity. The three methods were compared using one -way ANOVA 

and the fcal value was found to be less than ftab value indicating that there is no significant difference in the assay results by the 

three methods. Thus, the proposed methods are rapid, accurate, precise and economically viable for the simultaneous estimatio n 

of TM and BRT respectively in pure form as well as in ophthalmic formulation. 

 

Keywords: Timolol Maleate, Brimonidine Tartrate, Simultaneous Equation method, First Derivative Method, Ratio First 

Derivative Spectrophotometry, Validation, ANOVA. 

 
INTRODUCTION 

Timolol Maleate (TM), -)-1-(tert-butylamino)-3-

[(4-morpholino-1,2,5-thiadiazol-3-yl)-oxy]-2-propanol 

maleate (1:1) (salt) is a non selective β-receptor blocker 

which reduces intra-ocular pressure in patients of open 

angle glaucoma. It is used topically to treat ocular 

hypertension (Fig.1a) [1]. Brimonidine Tartrate, 5-bromo-

6-(2-imidazolidinylideneamino) quinoxaline L-tartrate is 

an α2 receptor agonist which has a dual mechanism of 

action; it reduces aqueous humor production thereby 

reducing intraocular pressure and it also increases 

uveoscleral outflow. It is used topically to treat ocular 

hypertension (Fig.1b). Both the drugs are official in Merck 

Index and Martindale.[2,3] Timolol Maleate (TM)  and 

Brimonidine Tartrate (BRT) are available in combination 

in eye-drop formulation for the topical treatment of open 

angle glaucoma and both the drugs have a synergistic 

effect with lesser side-effects and higher patient 

compliance.[4,5] 

Literature review shows spectrophotometric 

methods, HPLC, HPTLC, Chemiluminescene, capillary 

electrophoresis and cyclic voltametry methods for the 

estimation of Timolol Maleate individually [6-12] and in 

combination with other drugs like Brinzolamide, 

Betaxolol, Latanoprost, Pilocarpine, oxprenolol and  
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Dorzolamide. [12-23]. Stability indicating UV 

spectrophotometric method,GC-MS assay in plasma, 

HPLC method and Capilary Electrophoresis method  in 

blood serum and aqueous humor, HPLC and HPTLC 

method on pure form and ophthalmic formulation, 

LC/MS/MS assay in ocular fluids and tissues, LC method 

for the estimation of pure drug and its related compounds, 

fluorimetric method and  first derivative UV 

Spectrophotometric method have been reported for the 

estimation of Brimonidine Tartrate       individually[24-35]. 

There is one TLC-densitometric method reported 

for the simultaneous estimation of Timolol Maleate and 

Brimonidine Tartrate in bulk and in formulation [36]. 

Literature review also suggests one RP-HPLC method for 

the simultaneous estimation of TM and BRT in 

nanoparticle formulation and one in conventional dosage 

form [37, 38]. Extensive Literature survey revealed one 

simultaneous equation method and q-absorbance ratio 

method for the simultaneous estimation of TM and BRT 

[39]. No first derivative and ratio first derivative method 

was found to be reported. 

Hence the aim of the present work is to develop simple, 

rapid, accurate and precise simultaneous equation method, 

first derivative method and ratio derivative methods for the 

simultaneous estimation of TM and BRT in mixture form 

and comparing them statistically. 

 

MATERIALS AND METHODS 

Instrument 

A dual beam UV visible Spectrophotometer 

(Shimadzu, Japan), model UV-1800, UV Probe software 

(version 2.35), Analytical balance (Shimadzu Electronic 

balance, Japan), model BL-220H  were used for the study. 

 

Materials 

TM and BRT were kindly gifted by Astron 

Research Centre, Ahmedabad and FDC ltd., Mumbai 

respectively. Timolol Maleate and Brimonidine Tartrate 

eye drops were purchased from the local market. All other 

reagents and solvents used were of analytical grade. 

 

Preparation of Working Standard Solutions  

10 mg each of TM and BRT were accurately 

weighed and transferred to 100 ml volumetric flasks 

individually. The volume was made up to the mark with 

distilled water to produce 100µg/ml concentration of each 

of the drugs. These solutions were used as the working 

standard solutions. 

 

CONSTRUCTION OF CALIBRATION CURVES 

Calibration curves for  Simultaneous equation method 

(Method I) 

Standard solutions of both TM and BRT in the 

range of 2-50 μg/ml and 2-14 μg/ml respectively were 

separately prepared by appropriate dilutions of their 

respective working standard solutions in distilled water and 

then scanned in the range of 200–400 nm against distilled 

water as blank to determine the wavelength of maximum 

absorption for both drugs. 

Two wavelengths 255nm (λmax of BRT) and 294nm (λmax 

of TM) were selected for the formation of simultaneous 

equation. The linearity curves of both the drugs are shown 

in fig. 3a and Fig.3b respectively. The absorptivity 

coefficients of each drug at both wavelengths were 

determined and substituted in their equation to obtain 

concentration of both drugs. The concentration of each 

compound in the mixture was calculated from the 

following simultaneous equations [40]. 

CBRT= A2ay1 - A1ay2 / ax2ay1 - ax1ay2 

CTM = A1ax2 - A2ax2 / ax2ay1 - ax1ay2 

Where, A1 and A2 are the absorbances of mixture at 255.0 

nm and 294 nm respectively,  

ax1 and ax2 are absorptivities of BRT at 255.0 nm and 294 

nm respectively,  

ay1 and ay2 are absorptivities of TM at 255.0 nm and 294  

nm respectively,  

CBRT is concentration of BRT, CTM is concentration of TM. 

 

Calibration Curves for First Derivative Method 

(Method 2) 

Standard solutions of both TM and BRT in the 

range of 2-50 μg/ml and 2-14 μg/ml respectively were 

separately prepared by appropriate dilutions of their 

respective working standard solutions in distilled water and 

then scanned in the range of 200–400 nm against distilled 

water as blank to determine the wavelength of maximum 

absorption for both drugs. 

These spectrums were converted to first order derivative 

spectra by using derivative mode traced with interval of 

Δλ= 5 nm. For this method, 302.3 nm (ZCP of BRT) and 

294.3 nm (ZCP of TM) were selected as wavelengths of 

measurements for TM and BRT respectively. There was 

proportionate increase in amplitude at 302.3 and 294.3   

nm for TM and BRT respectively. The overlain spectrum 

of first order derivative of both the drugs is shown in the 

fig.4. 

 

Calibration Curves for Ratio First Derivative Method 

(Method 3) 

Standard solutions of both TM and BRT in the 

range of 2-50 μg/ml and 2-14 μg/ml respectively were 

separately prepared by appropriate dilutions of their 

respective working standard solutions in distilled water and 

then scanned in the range of 200–400 nm against distilled 

water as blank to determine the wavelength of maximum 

absorption for both drugs. 

The ratio spectra of different TM standards at 

increasing concentration in distilled water were obtained 

by dividing each with the stored spectrum of the standard 

solution i.e. 2 μg/mL BRT using computer aid as divisor 

spectra; these ratio spectra are shown in Fig.5a. The first 

derivatives of this spectrum traced with interval of Δλ= 5 
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nm are illustrated in Fig.5b. As seen in Fig 6b, two 

minimum (216 nm & 311 nm) and one  maximum (290 

nm) exist and we found that both were suitable for 

determination of  TM in TM and BRT eye drops. The 

wavelength 290 nm was selected for the determination of 

this compound in the assay of tablets, due to its lower RSD 

values and more suitable mean recovery compared with 

other wavelengths.  

For the determination of BRT, the ratio spectra of 

different BRT standards at increasing concentrations in 

distilled water, obtained by dividing each with stored 

spectrum of the standard solution of 2 μg/ml of TM as 

divisor spectra by aid of computer software, are 

demonstrated in Fig.6a. The first derivatives of this 

spectrum traced with intervals of Δλ= 5 nm are illustrated 

in Fig.6b. As seen in Fig 6b, there exist one minimum (262 

nm) and one maximum (244 nm) and in this both were 

suitable for the determination of BRT in TM and BRT 

eyedrops. The peak at wavelength 244 nm was selected 

because of its lower RSD and more suitable mean 

recoveries. 

 

Validation of the methods 

The proposed methods were validated as per the 

ICH guidelines   Q2 (R1) for the evaluation of linearity, 

accuracy, precision, limit of detection and limit of 

quantitation. 

 

Linearity of the calibration curves 

The linearity of the methods was assessed by 

preparing 6 replicates each of standard solutions of TM 

and BRT in the concentration range of 2-50 µg/ml and 2-

14 µg/ml for all the three methods. Calibration curves were 

constructed by plotting absorbance vs concentration and 

regression analysis was performed. (Table 1) 

 

Accuracy 

Accuracy was determined at three different level 

80 %, 100 % and 120 % of the target concentration 13.6 

μg/ml of TM and 4 μg/ml of BRT in triplicate. (Tables 2a, 

2b & 2c). 

 

Precision 

Precision studies included the following studies: 

 

Repeatability 

The precision of the analytical method was 

studied by analysis of multiple sampling of homogeneous 

sample. Precision was estimated by repeatability and the 

repeatability was assessed by analyzing six determination 

of a homogeneous sample of 10 μg/ml of TM and 10μg/ml 

of BRT. (Table 3a). 

 

Intra and Inter day Precision 

Intra-day and inter day using three different 

concentrations 20μg/ml, 30 μg/ml and 40 μg/ml of TM  

intriplicate for three consecutive days and the value of 

precision of repeatability along with intra-day and inter day 

using three different concentrations 10μg/ml, 12 μg/ml and 

14 μg/ml of BRT in triplicate for three consecutive days 

and %RSD was assessed. (Table 3b,3c& 3d).  

 

Limit of Detection & Limit of Quantitation 

LOD and LOQ of the drug were derived by 

calculating the signal-to-noise (i.e. 3.3 for LOD and 10 for 

LOQ) ratio using the following equations as per ICH 

guideline. (Table 1) 

LOD = 3.3 × σ/S  

LOQ = 10 × σ/S  

Where, σ = the standard deviation of the response.  

S = slope of the calibration curve. 

 

Analysis of BRT and TM in eyedrop formulation 

1 ml eyedrop solution containing 2 mg/ml BRT 

and 6.8 mg/ml  TM  was transferred  into 100 ml 

volumetric flask containing 50 ml of distilled water and 

volume was made up to the mark with the same solvent to 

obtain a solution containing 200 μg/ml BRT and 680 μg/ml 

TM  . From this solution , 2 ml aliquot was transferred into 

10 ml volumetric flask and volume was made up to mark 

with distilled water to obtain the concentration of 13.6  

μg/ml TM and 4μg/ml of BRT.  Sample solution was 

prepared in triplicate and analyzed according to the 

proposed methods (Table 4). 

 

RESULTS AND DISCUSSION 

Method Development and Selection of Wavelength 

Simultaneous Equation Method 

To determine wavelength for measurement, 

standard spectra of BRT and TM were scanned between 

200-400 nm against distilled water as blank. Absorbance 

maxima were obtained at 255 nm and at 294 nm for BRT 

and TM respectively. Overlain spectra of BRT and TM are 

presented in figure 2. 

Linearity was obtained between 2-50 µg/ml for TM and 2-

14 µg/ml for BRT at the selected wavelengths for each 

drug. The absorptivity coefficients were determined from 

the calibration curve graphs and substituted in the 

simultaneous equation to obtain the concentration of each 

drug. The linearity curves for both the drugs are shown in 

fig.3a and fig. 3b respectively. 

 

First Derivative Method 

Standard solutions of TM (2-50 μg/ml) and BRT 

(2-14 μg/ml) were scanned separately in the range of 200-

400 nm. These spectrums were converted to first order 

derivative spectra by using derivative mode traced with 

interval of Δλ= 5 nm.First order derivative spectrum for 

TM showed zero crossing points: 220.2 nm,251.8 nm, and  

294.3 nm. The wavelength selected for estimation of BRT 

was 294.3 nm because it showed adequate absorbance at 

this wavelength in mixture. 
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Similarly, first order derivative spectrum for BRT 

was taken and it showed zero crossing points;  216 nm, 

231.5 nm, 255.07 nm and 302.3  nm. The wavelength 

selected for estimation of TM was 302.3 nm because it 

showed adequate absorbance at this wavelength in mixture. 

The overlain first derivative spectra of both the drugs is 

shown in fig.4.   

 

Ratio First Derivative Method 

This method works on two mechanisms viz. (1) 

Ratio and (2) Derivatization. In this method, the mixture 

spectra are divided with the divisor and first derivative 

spectra of these ratio spectra are generated. The main 

advantage of the ratio-spectra derivative 

spectrophotometry is the chance of doing easy 

measurements in correspondence of peaks so it permits the 

use of the wavelength of highest value of analytical signals 

(a maximum or a minimum). Moreover, the presence of a 

lot of maxima and minima is another advantage by the fact 

that these wavelengths give an opportunity for the 

determination of active compounds in the presence of other 

compounds and excipients which possibly interferes the 

assay. 

The ratio spectra of different TM standards at 

increasing concentration in distilled water were obtained 

by dividing each with the stored spectrum of the standard 

solution of 2 μg/mL BRT  using computer aid as divisor 

spectra; these ratio spectra are shown in Fig 5a.  The first 

derivatives of this spectrum traced with interval of Δλ= 5 

nm are illustrated in Fig. 5b. As seen in Fig 5b, two 

minimum (216 nm &  311 nm) and one  maximum ( 290 

nm ) exist and we found that both were suitable for 

determination of  TM in TM and BRT eye drops. The 

wavelength 290 nm was selected for the determination of 

this compound in the assay of tablets, due to its lower RSD 

values and more suitable mean recovery compared with 

other wavelengths.For the determination of BRT, the rat io 

spectra of different BRT standards at increasing 

concentrations in distilled water, obtained by dividing each 

with stored spectrum of the s tandard solution of 2 μg/mL 

of TM as divisor spectra by the aid of computer software, 

are demonstrated in Fig.6a. The first derivatives of this 

spectrum traced with intervals of Δλ= 5 nm are illustrated 

in Fig.6b. As seen in Fig 6b, there exist one minimum (262 

nm) and one maximum (244 nm) and in this both were 

suitable for the determination of BRT in TM and BRT 

eyedrops. The peak at wavelength 244 nm was selected 

because of its lower RSD and more suitable mean 

recoveries. 

 

VALIDATION OF THE PROPOSED METHODS 

The proposed methods were validated for 

parameters like linearity, accuracy, and precision, limit of 

detection and limit of quantitation. The calibration curves 

were constructed for the proposed methods according to 

the concentration ranges and were found to be linear over 

the concentration range for TM and BRT with acceptable 

regression coefficient values as shown in the table 1 for the 

three proposed methods. 

The table 1 also shows the limit of detection (LOD) and 

limit of quantitation (LOQ) values for TM and BRT for the 

three proposed methods. 

The tables 2(a), 2 (b) & 2(c) depict respectively 

the percent recovery data at three concentration levels 

80%, 100% and 120% for TM and BRT by the three 

proposed methods. The percent recovery is within the 

acceptable limits of 98-102% as per ICH guidelines and 

the %RSD is < 2%, thus indicating that the proposed 

methods are accurate. 

The table 3(a) & 3 (b) depict the precision studies. 

Repeatability, Intra-day and inter-day precision was carried 

out and results showed %RSD <2 %, thus indicating that 

the proposed methods are precise. 

 

Application of the proposed methods in the analysis of 

marketed formulation (eye drop) 

The marketed eye drop formulation was analyzed 

in triplicate using the proposed methods. The content of 

TM was found to be in the range of 101.24-101.35 % and 

100.9-101.08 % for BRT indicating the applicability of the 

proposed methods in the analysis of marketed ophthalmic 

formulation. The result of analysis of marketed formulation 

is shown in table 4. Fig. 7 shows the zero order spectra of 

eye-drop formulation. 

 

Statistical Comparison of the methods using One-way 

ANOVA 

Method 1, Method 2 and Method 3 were 

compared using one-way ANOVA and no significant 

difference was found between them as the Fcalvalue is less 

than Ftab. The results of one-way ANOVA are shown in 

table 5a and 5b. 

 

Table 1. Linearity Data and Sensitivity (LOD & LOQ) 

Parameters 
Method 1 Method 2 Method 3 

BRT TM BRT TM BRT TM BRT TM 

Wavelength 

(nm) 
255 294 294 255 294.3 302.3 244 290 

Linearity 

Range 

(µg/ml) 

2-14 2-50 2-14 2-50 2-14 2-50 2-14 2-50 



172 
Heta H. Desai and Anandkumari D. Captain.  / Vol 4 / Issue 3 / 2014 / 168-177. 

 

 

Regression 

Equations 

Y=0.06x

+0.034 

Y=0.02x

+0.042 

Y=0.01x

+0.012 

Y=0.005x 

+0.013 

Y=0.0005x-

0.0006 

Y=0.0005x+

0.0012 

Y=0.192x 

+0.062 

Y=0.021x+

0.041 

Correlation 

Coefficient 

(r
2
) 

0.999 0.998 0.996 0.997 0.995 0.996 0.998 0.996 

LOD (µg/ml) 0.272 0.24 0.369 0.5 0.167 0.14 0.114 0.091 

LOQ (µg/ml) 0.824 0.727 1.118 1.515 0.506 0.424 0.347 0.276 

 

Accuracy Studies 

Table 2a. Recovery Studies for Method 1 

 

Table 2a. Recovery Studies for Method 2 

Method-2 

Conc. of sample 

taken (µg/ml) 

 

Level 

Conc. Of pure API 

spiked(µg/ml) 

Total Conc. 

(µg/ml) 

Mean 

TotalConc.found 

(µg/ml) (n=3) 

% Recovery 

Mean(n=3) 
% RSD 

TM 

13.6 

80% 10.88 24.48 24.56 100.32 0.45 

100% 13.6 27.2 27.5 101.10 0.89 

120% 16.32 29.92 29.84 99.73 0.93 

BRT 

4 

80% 3.2 7.2 7.31 101.52 0.52 

100% 4 8 8.15 101.87 0.65 

120% 4.8 8.8 8.9 101.13 0.43 
 

Table  2(c). Recovery Studies for Method 3 

Method-3 

Conc. of sample 

taken (µg/ml) 

 

Level 

Conc. of pure API 

spiked(µg/ml) 

Total Conc. 

(µg/ml) 

Mean Total Conc. 

found(µg/ml)(n=3) 

% Recovery 

(n=3) 

% RSD 

TM 

13.6 

80% 10.88 24.48 24.5 100.08 0.36 

100% 13.6 27.2 27.3 100.36 0.49 

120% 16.32 29.92 29.7 99.26 0.71 

BRT 

4  

80% 3.2 7.2 7.12 98.88 0.54 

100% 4 8 7.9 98.75 0.32 

120% 4.8 8.8 8.87 100.79 0.92 
 

Table 3a. Repeatability Studies 

 Method 1 Method 2 Method 3 

 TM 

(10µg/ml) 

BRT 

(10µg/ml) 

TM     

(10µg/ml) 

BRT 

(10 µg/ml) 

TM     

(10µg/ml) 

BRT 

(10 µg/ml) 

Wavelength 255 nm 294 nm 255 nm 294 nm 303.3 294.3 290 nm 244 nm 

Mean Abs. 0.0703 0.279 0.7176 0.1606 0.00703 0.00503 0.26733 1.94533 

±SD 0.000516 0.00103 0.001033 0.00103 0.0000516 0.0000516 0.001862 0.004179 

%RSD 0.734 0.369 0.144 0.642 0.734 1.02 0.696 0.214 

Method-1 

Conc. of sample 

taken (µg/ml) 

 

Level 

Conc. of pure API 

spiked(µg/ml) 

Total Conc. 

(µg/ml) 

Mean Total Conc. 

Found(µg/ml)(n=3) 

% Recovery 

(n=3) 
% RSD 

TM 

13.6 

80% 10.88 24.48 24.22 98.94 0.844 

100% 13.6 27.2 27.24 100.73 0.136 

120% 16.32 29.92 30.16 100.80 0.611 

BRT 

4 

80% 3.2 7.2 7.24 100.55 1.12 

100% 4 8 8.12 101.5 0.83 

120% 4.8 8.8 8.7 98.86 0.56 
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Table 3b. Intra-day and Inter-day Precision Studies for Method-1 

 

Table 3c. Intra-day & Inter-day Precision Studies for Method 2 

Method-2 : Intra-day Precision 

Sr.No. 
Conc.(µg/ml) 

TM 
Λ (nm) 

Abs. of 

TM (n=3) 
% RSD 

Conc. (µg/ml) 

BRT 
Λ (nm) 

Abs. of 

BRT 

(n=3) 

% RSD 

1. 10 

302.3 

0.00701 0.335 10 

294.3 

0.00503 1.03 

2. 20 0.01303 0.361 12 0.006017 0.48 

3. 30 0.01703 0.276 14 0.007467 0.77 

Method-2: Inter-day Precision 

1. 10 

302.3 

0.00703 0.603 10 

294.3 

0.005033 1.14 

2. 20 0.0131 0.721 12 0.00603 0.86 

3. 30 0.0172 1.373 14 0.007433 1.55 
 

Table 3d. Intra-day & Inter-day Precision Studies for Method 3 

Method-3 : Intra-day Precision 

Sr.No. 
Conc.(µg/ml) 

TM 
Λ (nm) 

Abs. of 

TM (n=3) 
% RSD 

Conc. (µg/ml) 

BRT 
Λ (nm) 

Abs. of 

BRT 

(n=3) 

% RSD 

1. 10 

290 

0.267 0.374 10 

244 

1.942 0.263 

2. 20 0.511 0.298 12 2.328 0.429 

3. 30 0.662 0.379 14 2.823 0.896 

Method-3: Inter-day Precision 

1. 10 

290 

0.268 0.646 10 

244 

1.945 0.178 

2. 20 0.515 0.388 12 2.33 0.333 

3. 30 0.663 0.870 14 2.806 0.541 
 

Table 4. Result of Analysis of Marketed formulation 

Parameters Eye drop Formulation 

 Method 1 Method 2 Method 3 

 BRT TM BRT TM BRT TM 

Theoretical Conc. (µg/ml) 4 13.6 4 13.6 13.6 4 

Practically Obtained conc. (µg/ml) (n=6) 4.072 13.77 4.036 13.76 4.042 13.78 

%Purity 101.08 101.29 100.9 101.24 101.05 101.35 

%RSD 0.670 0.537 0.627 0.694 0.712 0.434 

Sr. 

no 

Conc 

(µg/ml)TM 

λ  

(nm) 

Abs. of 

TM (n=3) 
% RSD of TM 

Conc. 

(µg/ml)BRT 

λ  

(nm) 

Abs. of 

BRT  (n=3) 

% RSD of 

BRT 

Method-1: Intra- Day Precision 

1 20 

255 

0.114 0.503 10 

255 

0.719 0.212 

2 30 0.163 0.613 12 0.873 0.238 

3 40 0.211 0.722 14 1.151 0.132 

1 20 

294 

0.524 0.190 10 

294 

0.161 0.358 

2 30 0.695 0.219 12 0.203 0.752 

3 40 0.925 0.165 14 0.256 0.449 

Method-1: Inter- Day Precision 

1 20 

255 

0.115 0.869 10 

255 

0.717 0.489 

2 30 0.162 0.940 12 0.87 0.526 

3 40 0.213 0.938 14 1.148 0.495 

1 20 

294 

0.523 0.764 10 

294 

0.160 1.25 

2 30 0.696 0.438 12 0.204 1.296 

3 40 0.923 0.329 14 0.2573 0.977 
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Table 5a. One-way ANOVA for TM 

Sourceof 

variation 

Sumof 

square 

Degreeof 

freedom(d.f.) 

Mean 

squares 
Fcal P-value 

Ftab(at5 %  

significant level) 

Between Methods 0.040 2 0.020 

0.0639 0.938 3.682 Withinsamples 4.802 15 0.320 

Total 4.843 17  

 

Table 6a. One-way ANOVA for BRT 

Sourceof 

variation 

Sumof 

square 

Degreeof 

freedom(d.f.) 

Mean 

squares 
Fcal P-value 

Ftab(at5 %  

significant level) 

Between Methods 0.133 2 0.057 0.126 0.881 3.682 

Within samples 6.754 15 0.450 

Total 6.887 17  

 

Fig 1a.  Timolol Maleate      

 

Fig 1b. Brimonidine Tartrate    

 
Fig 2. Overlain Spectra of TM and BRT 

 

Fig 3a. Linearity Spectra of TM 

 
 

Fig 3b. Linearity Spectra of BRT 

 

 

Fig 4. Overlain First Derivative Spectra of TM and BRT 
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Fig 5a. Ratio Spectra of TM 

 

Fig 6a. Ratio Spectra of BRT 

 
Fig 5b. Ratio First Derivative Spectra of TM 

 

Fig 6b. Ratio First Derivative Spectra of BRT    

 
Fig 7. Zero order Spectra of eye-drop formulation 

 
 

CONCLUSION 

Three UV spectrophotometric methods were 

developed and validated as per the ICH guidelines. The 

methods were found to be accurate and precise with %RSD 

<2 % for the simultaneous estimation of TM and BRT. 

From the above results we can conclude that the proposed 

methods are simple, rapid, accurate, precise and 

economically viable as no prior separation procedure is 

required. The one-way ANOVA results show that there is 

no significant difference between the assay results obtained 

from these three methods.Hence theproposed methods  

 

can be used in routine analysis of TM and BRT with 

relatively less expensive and simple to operate 

instrumentation.  
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