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 A simple UV-visible spectroscopic method was developed and Chemometric designs were 

applied for the simultaneous estimation of Ambroxol (AMB), Chlorpheneramine maleate 

(CPM) and Guaiphenesin (GPN) in bulk and liquid dosage form. The spectroscopic method 

was developed by using methanol as solvent for the three drugs and the data generated from 

the spectra were mined by using Chemometric methods such as trilinear regression analysis, 

Cramer’s matrix method, Method of least squares, Multivariate calibration methods such as 

partial least square regression(PLS) and Principle component regression(PCR). The 

wavelengths selected for all the above methods were 248 nm (wavelength of maximum 

absorption; λmax of AMB), 261 nm (wavelength of maximum absorption; λmax of CPM) and 

274 nm (wavelength of maximum absorption; λmax of GPN). Results:  The methods hold 

good linearity for AMB from 10-30 μg/ml, for CPM from 2-10 μg/ml and GPN from 10-80 

μg/ml with regression coefficient values of 0.999, 0.998 and 0.999 respectively. The intraday 

and inter-day precision was found to be less than 2% RSD. The percentage recovery and 

percentage assay was in the range of 95-105% for Ambroxol (AMB), Chlorpheneramine 

maleate (CPM) and Guaiphenesin (GPN) by all the methods. Conclusion: The developed 

methods neither require any cumbersome separation procedure nor complex derivatization 

procedures for the analysis of the three drugs and moreover they are effective in minimizing 

the errors in analysis, simple and economical.   

Please cite this article in press as N. Bhavana et al. Simultaneous Estimation of Ambroxol, Chlorpheneramine Maleate and 

Guaiphenesin in Bulk and Liquid Dosage form by Chemometric Assisted Spectrophotometric Methods. Indo American Journal of 

Pharmaceutical Research.2017:7(09). 
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INTRODUCTION 

Chemometrics is a branch of science which derives the data by the application of mathematical and statistical tools for the 

extraction of useful information from the physical and chemical phenomenon involved in a manufacturing process. Chemometrics
1-5

 is 

used for calibration, signal correction and compression, pattern classification and recognition, multi variate data collection and 

analysis protocols, process modelling and statistical process control. To overcome the significant problems in the analysis of intricate 

multi component formulations by conventional UV-spectroscopy
6-8

, HPLC
9-17

 methods Chemometric assisted analytical methods
18-21

 

are designed to perform analytical investigation of such complex formulations.  

Ambroxol hydrochloride is trans-4-[(2-amino-3,5dibromobenzyl) amino]cyclohexanol hydrochloride. It acts as mucolytic and was 

used in treatment of respiratory diseases such as cough.  

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig: 1 Structure of Ambroxol. 

 

Chlorpheneramine maleate is chemically (RS)-3-(4-chlorophenyl)-3- (pyrid-2-yl) propyl dimethyl amine hydrogen maleate. It act as 

anti-histamine and used in cough syrups. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig: 2 Structure of Chlorpheneramine maleate. 

 

Guaiphenesin is chemically known as (RS)-3-(2-methoxyphenoxy) propane-l,2-diol. It comes under category of expectorant and used 

to reduce cough. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig: 3 Structure of Guaiphenesin. 

 

The combination of these three drugs was widely used in the preparation of cough syrups to treat respiratory disorders. 
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Literature survey revealed that very few analytical methods like UV-spectroscopy and HPLC methods were reported and no 

Chemometric methods were reported for the analysis of above combination. The present study aims to design chemometric assisted 

spectroscopic methods for the intricate analysis of Ambroxol, Chlorpheneramine and Guaiphenesin. 

 

MATERIALS AND METHODS: 

Instruments used:  

Analytical balance  

UV-Visible spectrophotometer (Lab India -3072) 

 

Data handling systems:  

UV-win for the handling of spectrophotometer. 

The Unscrambler X 

Microsoft excel. 

 

Materials used: 

Working standards of drugs were procured from Dr. Reddy s laboratory.                          

Commercial formulation of drugs were purchased from local market. Methanol AR grade was procured from Merck (India) ltd, 

Mumbai. 

 

PREPARATION OF SOLUTIONS: 

Preparation of Ambroxol standard solutions: 

10 mg of Ambroxol standard was weighed accurately and transferred to a 10 ml volumetric flask. The sample was dissolved 

by using 5 ml methanol and volume was made up to the mark with methanol. Further dilutions were made with the methanol to get 

required concentrations of 10,15,20,25 and 30 µg/ml. 

 

Preparation of Chlorpheneramine maleate standard solutions: 

10 mg of Chlorpheneramine maleate standard was weighed accurately and transferred to a 10 ml volumetric flask. The 

sample was dissolved by using 5 ml methanol and volume was made up to the mark with methanol. Further dilutions were made with 

the methanol to get required concentrations of 2,4,6,8 and 10 µg/ml. 

 

Preparation of Guaiphenesin standard solutions: 

10 mg of Guaiphenesin standard was weighed accurately and transferred to a 10 ml volumetric flask. The sample was 

dissolved by using 5 ml methanol and volume was made up to the mark with methanol. Further dilutions were made with the methanol 

to get required concentrations of 10,20,40,60 and 80 µg/ml. 

 

Preparation of Ambroxol, Chlorpheneramine maleate, Guaiphenesin: 

Stock solution was prepared by diluting 5 ml of marketed liquid formulation to 50 ml with methanol. Required quantity of 

this stock solution was pipetted into volumetric flask to get 15 µg/ml, 2 µg/ml, 50 µg/ml of Ambroxol, Chlorpheneramine maleate, 

Guaiphenesin respectively. 

 

Design of chemometric models: 

Chemometric models were designed for the developed spectrophotometric methods for the simultaneous estimation of 

Ambroxol (AMB), Chlorpheneramine maleate (CPM), Guaiphenesin (GPN). 

 

Trilinear regression analysis (TLRC): 

In this method three wavelengths were considered for the analysis of the component mixture [AMB(X), CPM(Y), GPN 

(Z)].The three linear regression equations were obtained by using the absorbance measured at three wavelengths against 

concentrations of standard solutions for each component. The slope values obtained from the linear regression analysis for each 

component were used for the formation of matrix set. 

The wavelengths selected for analysis were 248nm (λmax of AMB), 261 nm (λmax of CPM), 274nm (λmax of GPN). 

Equations for the formation of matrix are: 

 

Amix1 = bx1Cx + by1Cy + bz1Cz + axyz1 

 

Amix2 = bx2Cx + by2Cy + bz2Cz + axyz2 

 

Amix3 = bx3Cx + by3Cy + bz3Cz + axyz3 

 

 Where, Amix1, Amix2, Amix3 are the absorbance of the mixture of   X, Y, Z analytes at three wavelengths set. axyz1, axyz2, axyz3 are 

the sum of intercepts of the linear regression equation at the three wavelengths. 

Conversion of equation into matrix form: 



                                                   

www.iajpr.com 

P
ag

e4
4

8
 

Vol 7, Issue 09, 2017.                                                       N. Bhavana et al.                                                        ISSN NO: 2231-6876 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  =   ×   

 

Cramer’s Matrix Method 

Molar absorptivity ( ) values were calculated by using the absorbance measured at 248nm, 261 nm, and 274nm for each 

compound in the ternary mixture. The selected wavelength values were λ max of AMB, CPM and GPN respectively. By using 

absorptivity ( ) values, a system of equations with three unknowns in the ternary mixture have been written as follows: 

 

Am, 248 =   AMB, 248 CAMB +   CPM, 248 CCPM +   GPN, 248 CGPN 

 

Am, 261 =   AMB, 261CAMB +   CPM, 261 CCPM +   GPN, 261 CGPN 

 

Am, 274 =   AMB, 274 CAMB+   CPM, 274 CCPM +   GPN, 274 CGPN 

 

Where Am denotes the absorbance of the ternary mixture and   represents the values of molar absorptivity for the calculated 

AMB, CPM and GPN respectively at 248, 261 nm and 274 nm. C is the molar concentration of AMB, CPM and GPN. 

The matrix simplifies and solves the system of equations with three unknowns as follows: 

 

  =   ×   

 

This matrix can be solved and each compound was determined by solving the following operations  

(Δ = Determinant value of matrix) 

 

Δ =  

 

Δ1 =  

 

Δ2 =  

  

Δ3 =  

 

By applying Cramer’s matrix rule the concentration AMB, CPM AND GPN can be found by: 

 

CAMB = Δ1 / Δ,           C CPM = Δ2 / Δ,           C GPN = Δ3 / Δ 

 

Method of Least Squares 
The standard stock solutions of AMB (15µg/ml ), CPM (2 µg/ml ) and GPN (50 µg/ml) were measured at 240nm, 244nm, 

248nm, 252nm, 256 nm, 260nm, 264nm, 268nm, 272nm, 276 nm, 280nm and  their absorbances were recorded (acts as calibration 

set) and tabulated in MS- Excel. The individual drug absorbances of known concentrations of AMB, CPM and GPN were added and 

synthetic mixture (as validation set) was created and absorbances were recorded. Similarly the test sample was also measured at same 

wavelengths and absorbances were recorded and tabulated. By applying method of least squares using Solver add-in in MS-Excel, the 

actual concentration of AMB, CPM and GPN were predicted in test samples. 

 

Multivariate calibration methods: 

Calibration was performed by using the wavelength range 240 – 280 nm at 4nm interval. Cross-validation of the final models 

was performed with respect to the number of factors affecting the prediction of each of the compounds. The optimum number of 

factors was found to be three for both AMB, CPM and GPN in the both PCR and PLS models. 
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Validation of spectrophotometric method: 

Linearity and range: 

The linearity of analytical method is its ability to obtain test results which are directly proportional to the concentration of 

analyte in the sample.  

The range of analytical procedure is the interval between the upper and lower concentrations of the sample for which the 

analytical procedure has a suitable level of Precision, Accuracy and Linearity. 

 

Precision: 

The precision of analytical procedure expresses the closeness of agreement between a series of measurements obtained from 

multiple sampling of the same homogeneous sample under the prescribed conditions. 

 

Accuracy: 

The accuracy of analytical procedure express the closeness or agreement between the value which is accepted either as a 

conventional true value or an accepted reference value and the value found. The accuracy of the method was determined by adding 

known quantities of analyte (pure drug) to the drug product and applying the developed methods to determine the quantity of the drug 

present in the spiked sample. 

Samples were spiked with 50,100,150% level solutions of the standards and analysed. The experiment was performed 

triplicate (n=3). Percent recovery values were reported.   

 

 
 

Assay: 

The commercial marketed formulation containing 15mg of Ambroxol, 2mg Chlorpheneramine maleate and 50mg guaiphenesin. The 

sample solution was treated same as standard solution. The resulting solution scanned under UV using methanol as blank. 

 

 
 

RESULTS AND DISCUSSION 

TRILINEAR REGRESSION ANALYSIS: 

 

Table No.1: Absorbance of Ambroxol at 248 nm, 261 nm and 274 nm. 

 

Conc. (µg/ml) 248 nm 261 nm 274 nm 

10 0.209 0.062 0.015 

15 0.311 0.095 0.024 

20 0.409 0.122 0.031 

25 0.511 0.155 0.040 

30 0.599 0.189 0.0495 

Linear Equation y = 0.0196x+0.0158 y = 0.0063x -0.001 y = 0.0017x – 0.0021 

R
2
 0.9994 0.9986 0.9977 

Table No.2: Absorbance of Chlorpheneramine at 248 nm, 261 nm and 274 nm. 

 

Conc. (µg/ml) 248 nm 261 nm 274 nm 

2 0.044 0.051 0.024 

4 0.064 0.078 0.028 

6 0.087 0.109 0.037 

8 0.112 0.140 0.045 

10 0.138 0.174 0.058 

Linear Equation y = 0.0118x +0.0182 y = 0.015 +0.018 y = 0.0043x + 0.0129 

R
2
 0.9974 0.998 0.9695 
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Table No. 3:Absorbance of Guaiphenesin at 248 nm, 261 nm and 274 nm. 

 

Conc. (µg/ml) 248 nm 261 nm 274 nm 

10 -0.039 0.014 0.098 

20 -0.023 0.075 0.226 

40 -0.002 0.185 0.461 

60 0.402 0.314 0.702 

80 0.056 0.413 0.927 

Linear Equation y = 0.0014x-0.0526 y = 0.0058x-0.0415 y = 0.0118x-0.0144 

R
2
 0.9772 0.9985 0.9997 

 

  =   ×   

 

  =   ×   

 

  =   ×   

 

  =     

 

The concentration of Ambroxol (Cx), Chlorpheneramine maleate (Cy) and guaiphenesin (Cz) present in the given formulation 

sample were found to be 15.055 µg/ml, 1.942 µg/ml and 50.005 µg/ml respectively. 

 

Cramer’s matrix method: 

 

Amix1 = bx1Cx + by1Cy + bz1Cz + axyz1 

 

Amix2 = bx2Cx + by2Cy + bz2Cz + axyz2 

 

Amix3 = bx3Cx + by3Cy + bz3Cz + axyz3 

 

  =   ×   

 

By substituting the values in matrix and it was solved and each compound was determined by solving the following operations (Δ = 

Determinant value of matrix). 

Δ =  

 

Δ1 =  

 

Δ2 =  

 

Δ3 =  

 

By applying Cramer’s matrix rule the concentration of ATR, EZT and FNF were found as follows 
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CAMB = Δ1 / Δ 

= 15.58 μg/mL 

C CPM = Δ2 / Δ 

= 1.99 μg/mL 

C GPN = Δ3 / Δ 

= 48.07 μg/mL 

 

The concentration of Ambroxol (Cx), Chlorpheneramine maleate (Cy) and guaiphenesin (Cz) present in the given formulation sample 

were found to be 15.58 µg/ml, 1.99 µg/ml and 48.07 µg/ml respectively. 

 

Method of least squares: 

The standard stock solutions of AMB (15 μg/mL), CPM (2 μg/mL), GPN (50 μg/mL) were measured at 240-280 nm with 4 

nm interval. Molar absorptivity’s are calculated and tabulated. Further calculations are done as shown below 

 

 
 

Fig No.4: Screen shot of arranging data into excel sheet. 

 

 
 

Fig No.5: Screen shot of solver report. 

 

The concentration of Ambroxol (Cx), Chlorpheneramine maleate (Cy) and guaiphenesin (Cz) present in the given formulation 

sample were found to be 15.00 µg/ml, 2.01 µg/ml and 50 µg/ml respectively. 
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Table No.4: Percentage assay for the three methods. 

 

                  TLR                CRM                 MLS 

 Actual 

concentration 

( μg/mL) 

Predicted 

concentration 

( μg/mL) 

Assay 

% 

Predicted 

concentration 

( μg/mL) 

Assay 

% 

Predicted 

concentration 

( μg/mL) 

Assay 

% 

AMB 15 15.06 100.40 15.58 103.86 15.00 100.00 

CPM 2 1.94 97.00 1.99 99.50 2.01 100.50 

GPN 50 50.01 100.02 48.07 96.14 50.00 100.00 

 

Multi variate calibration techniques: 

Experimental design for the calibration set. 

 

Table No.5: Calibration set containing 15 synthetic mixtures of AMB, CPM and GPN. 

 

Mix. No. AMB CPM GPN 

Mix 1 20 6 40 

Mix 2 20 2 10 

Mix 3 10 2 80 

Mix 4 10 10 20 

Mix 5 30 6 80 

Mix 6 15 4 40 

Mix 7 30 4 20 

Mix 8 20 8 20 

Mix 9 15 10 60 

Mix 10 15 8 80 

Mix 11 25 10 60 

Mix 12 30 8 40 

Mix 13 25 6 80 

Mix 14 20 10 80 

Mix 15 30 10 10 

 

Experimental design for the validation set. 

 

Table No. 6: Validation set containing 10 synthetic mixtures of AMB, CPM and GPN. 

 

Mix. No. AMB CPM GPN 

Mix 16 30 2 60 

Mix 17 10 8 10 

Mix 18 25 2 40 

Mix 19 10 6 60 

Mix 20 20 8 60 

Mix 21 25 8 20 

Mix 22 25 4 10 

Mix 23 15 2 20 

Mix 24 10 4 40 

Mix 25 15 6 10 
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Fig No.6: Predicted Vs Reference Concentrations of AMB by PCR method. 

 

 
 

Fig No.7: Predicted Vs Reference Concentrations of AMB by PCR method showing deviation from Mean. 

 

 
 

Fig No.8:  Predicted Vs Reference Concentrations of AMB by PLS method. 

 

 
 

Fig No.9: Predicted Vs Reference Concentrations of AMB by PLS method showing deviation from Mean. 
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Fig No.10: Predicted Vs Reference Concentrations of CPM by PCR method. 

 

 
 

Fig No.11: Predicted Vs Reference Concentrations of CPM by PCR method showing deviation from Mean. 

 

 
 

Fig No.12: Predicted Vs Reference Concentrations of CPM by PLS method. 

 

 
 

Fig No.13: Predicted Vs Reference Concentrations of CPM by PLS method showing deviation from Mean. 
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Fig No.14: Predicted Vs Reference Concentrations of GPN by PCR method. 

 

 
  

Fig No.15: Predicted Vs Reference Concentrations of GPN by PCR method showing deviation from Mean. 

 

 
 

Fig No.16: Predicted Vs Reference Concentrations of GPN by PLS method. 
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Fig No.17: Predicted Vs Reference Concentrations of GPN by PLS method showing deviation from Mean. 

 

When the calibration models were applied to the prediction set, the concentrations predicted by the models were found to be very 

close to the nominal concentrations, confirming the validity of both methods. The obtained results were summarized as shown below 

 

Table No.7: Predicted concentrations from PCR and PLS models for validation set. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Assay of Pharmaceutical formulation 

From the precise prediction ability of both PCR and PLS methods the concentrations of AMB, CPM and GPN were found as follows 

 

Table No. 8: Predicted concentrations from PCR and PLS in Assay of Formulation. 

 

Acceptance criteria: 95- 105% (w/v) 

 

 

 

 

 

 

 

 

 

 

 

 

 

Mix. No 
Actual Concentration 

(in μg/mL) 

Predicted Concentration (in μg/mL) 

PCR PLS 

                AMB CPM GPN AMB CPM GPN AMB CPM GPN 

16 30 2 60 28.0058 7.0210 77.2659 28.5243 5.7885 77.2907 

17 10 8 10 12.1181 5.7575 21.2461 11.2096 8.0928 21.2107 

18 25 2 40 20.0100 5.8669 39.4994 20.3418 5.3857 39.5209 

19 10 6 60 14.5073 5.4459 60.0585 14.6674 5.1313 60.0788 

20 20 8 60 27.4651 7.1371 63.4211 26.7767 8.5420 63.3937 

21 25 8 20 17.7310 5.6732 17.7607 18.4564 4.4739 17.7963 

22 25 4 10 22.6361 6.3563 7.3268 23.5089 4.9174 7.3599 

23   15 2 20 17.8593 5.8693 20.3504 18.5565 4.6667 20.3826 

24 10 4 40 8.4624 4.9189 39.4464 8.7275 4.6353 39.4699 

25 15 6 10 15.4791 5.8067 9.8412 15.6384 5.8636 9.8495 

 PCR PLS 

 
Actual concentration 

( μg/mL) 

Predicted 

concentration( μg/mL) 

Assay 

% 

Actual concentration 

(μg/mL) 

Predicted 

concentration( μg/mL) 

Assay 

% 

AMB 15 15.47 103.13 15 15.64 104.27 

CPM 6 5.81 96.83 6 5.89 98.17 

GPN 10 9.84 98.41 10 9.85 98.50 
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METHOD VALIDATION: 

Accuracy  

 

Table No. 9: Percentage recovery for all the methods. 

 

 

DRUG 

 

PERCENTAGE 

                                           % RECOVERY 

FOR TLRC FOR CRM FOR MLS FOR PCR FOR PLS 

 

AMB 

 75% 

100% 

125% 

98.66 

99.10 

100.44 

100.13 

99.75 

99.84 

99.85 

99.72 

99.15 

96.65 

97.12 

96.78 

96.56 

97.26 

97.72 

 

CPM 

75% 

100% 

125% 

98.89 

99.16 

100.26 

100.44 

100.50 

99.86 

99.12 

100.26 

98.98 

96.54 

96.68 

97.56 

97.67 

96.92 

97.16 

 

GPN 

75% 

100% 

125% 

99.50 

99.90 

99.96 

99.26 

100.30 

100.46 

99.64 

99.86 

100.12 

98.12 

98.72 

97.95 

99.22 

98.95 

99.16 

 

Linearity and range  

 

Table No. 10: Linear equation parameters. 

 

Drug Wave length               For TLRC Method    For Cramer’s matrix method(CRM) 

 nm Linear equation       R
2 

RANGE 

μg/mL 

Linear equation     R
2 

RANGE 

μg/mL 

AMB 248 

261 

274 

y = 0.0196x+0.0158 

y = 0.0063x-0.001 

y = 0.0017x-0.0021 

0.9994 

0.9986 

0.9977 

 

10-30 

y = 0.0196x+0.0158 

y = 0.0063x-0.001 

y = 0.0017x-0.0021 

0.9994 

0.9986 

0.9977 

 

10-30 

CPM 248 

261 

274 

y = 0.0118x+0.0182 

y = 0.015x+0.018 

y = 0.0043x+0.0129 

0.9974 

0.998 

0.9695 

 

 2-10 

y = 0.0118x+0.0182 

y = 0.015x+0.018 

y = 0.0043x+0.0129 

0.9974 

0.998 

0.9695 

 

 2-10 

GPN 248 

261 

274 

y = 0.0014x-0.0526 

y = 0.0058x-0.0415 

y = 0.0118x-0.0144 

0.9772 

0.9985 

0.9997 

 

10-80 

y = 0.0014x-0.0526 

y = 0.0058x-0.0415 

y = 0.0118x-0.0144 

0.9772 

0.9985 

0.9997 

 

10-80 

 

PRECISION 

 

Table No. 11: Percentage RSD for all the methods. 

 

DRUG  Inter day precision 

(% RSD) 

Intraday precision 

(% RSD) 

 Concentration TLRC CRM MLS PCR PLS TLRC CRM MLS PCR PLS PCR 

AMB 15 

20 

25 

1.1 

1.2 

1.1 

1.7 

1.5 

1.4 

1.5 

1.4 

1.2 

1.4 

1.4 

1.6 

1.2 

1.4 

1.5 

1.7 

1.5 

1.8 

1.3 

1.5 

1.1 

1.2 

1.3 

1.5 

1.8 

1.6 

1.5 

1.4 

1.6 

1.5 

1.2 

0.9 

1.1 

CPM 04 

06 

08 

1.4 

1.2 

1.5 

1.8 

1.6 

1.2 

1.2 

1.3 

1.5 

1.6 

1.5 

1.7 

1.1 

1.2 

1.2 

1.8 

1.7 

1.8 

1.5 

1.7 

1.6 

1.6 

1.5 

1.6 

1.8 

1.7 

1.8 

1.6 

1.7 

1.6 

1.5 

1.6 

1.5 

GPN 20 

40 

60 

1.2 

1.1 

1.2 

1.6 

1.3 

1.2 

1.4 

1.3 

1.4 

1.5 

1.2 

1.5 

1.6 

1.4 

1.2 

1.6 

1.7 

1.6 

1.6 

1.6 

1.8 

1.5 

1.7 

1.5 

1.8 

1.7 

1.6 

1.5 

1.8 

1.6 

1.2 

1.4 

1.6 

 

The proposed spectrophotometric method was found to be linear and the data is presented in the Table No 10. The intra-day 

and inter-day precision values for both the chemometric designs were presented in Table No 11. Accuracy was performed in terms of 

the Percent recovery values and the values for Ambroxol, Chlorpheneramine maleate and guaiphenesin by all the chemometric designs 

were presented in Table No 9. The assay of the commercial formulation of the drugs were performed and their percentage assay values 

were presented in Table No 4 and 8. 

 

CONCLUSION 

The developed methods neither require any cumbersome separation procedure nor complex derivatization procedures for the 

analysis of the three drugs and moreover they are effective in minimizing the errors in analysis, simple and economical. Finally it is 

concluded that the developed methods were simple and accurate can be used in routine analysis.  
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