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ABSTRACT 

Simultaneous spectrophotometric determination of Tenofovir and Zidovudine was performed by partial 

least squares (PLS) and principal component regression (PCR) methods do not require any prior graphical 

treatment of the overlapping spectra of two drugs in the mixture. The absorbance values in the UV- Vis spectra 

were measured for the wavelength points (from 210 to 330) in the spectral region 200–400 nm considering the 

intervals of 1 nm. The calibration range was found to be 1-5 μg/ml for Tenofovir, 2-10 μg/ml for Zidovudine with 

a correlation coefficient of 0.9999 (PLS) , 0.9999 (PCR) for Tenofovir and 0.9999 (PLS), 0.9999 (PCR) for 

Zidovudine. The validation of the multivariate methods was realized by analyzing the synthetic mixtures of 

Tenofovir and Zidovudine. The numerical calculations were implemented with ‘Unscrambler 10.1 X’ software. 

The Chemometrics analysis methods were satisfactorily applied to the simultaneous determination of Tenofovir 

and Zidovudine in the pharmaceutical formulation. 

Keywords: Tenofovir, Zidovudine, Chemometrics, spectrophotometry, partial least square, principal 

component regression. 

 

I. INTRODUCTION 

Chemometrics may be described as the application of mathematical and statistical tools to design and 

optimize the methods to provide chemical information by analyzing relevant data. 

 

For a successful design the following procedure should be adopted: 

 

 Consider what results are required and what variables (factors) may affect the outcome of 

the experiment whose results have to be evaluated 
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 Select an appropriate design to solve the problem 

 Carryout the experimental work 

 Examine the data thus obtained, separating the important variables from those of little 

significance and deciding if other techniques may produce useful information 

 

Designs can be divided into two broad classes 

I. Simultaneous designs mean that all experiments are completed before the analysis of the 

data is carried out 

II. Sequential designs mean that the results from the previous experiments determine the 

conditions for the next experiment 

 

In analytical chemistry, chemometrics techniques have its applications in spectroscopy like UV-Visible 

spectrophotometry, NMR spectroscopy, fluorescence spectroscopy, chromatography like Liquid Chromatography 

and also various other aspects of analytical chemistry like flow-injection analysis in pharmaceutical preparations. 

Chemometrics uses multivariate methods hence it offers many advantages in qualitative as well as quantitative 

spectroscopic analysis. The name chemometrics can be divided into two terms namely chemo (from chemistry) and 

metric (meaning measurement). The aim of this paper is to investigate the ability of PLS and PCR Methods to 

quantify binary mixture of Tenofovir and Zidovudine with overlapping spectrum and to apply the optimized method 

in pharmaceutical preparations. 

 

II. MATERIAL AND METHODS 

Instruments and software: 

Digitized UV/VIS absorbency spectra were collected using a UV- visible spectrometer Perkin-Elmer 

Lambda 25 with 1 cm quartz cells. The data acquisition was made with UV solutions software at a scan rate of 1000 

nm min−1 and the slit width of 2 nm. The UV spectra of mixtures were recorded over the wavelength 220–300 nm 

with one data point per nm. All spectral measurements were performed using a blank solution as a reference. Partial 

least squares regression and principal component regression were used for chemometric analysis of data. For all 

calculations, Unscrambler for windows (Version10.1 X) was used. 

Pharmaceutical tablet formulations: 

A commercial pharmaceutical formulation (TAVIN-L) tablet containing 300 mg of TENO and 150 mg 

of ZIDA was analyzed by the proposed chemometric methods. 

Standard solutions: 

Stock solutions of Tenofovir and Zidovudine of 10 mg were prepared in 100 ml volumetric flasks with 
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methanol. The training set containing 1-5μg/ml Tenofovir and 2-10μg/ml a Zidovudine working standard solutions 

were prepared by diluting the stock solutions for each drug according to its linear calibration range. Two sets of 

standard solutions were prepared, the calibration set contained 25 standard solutions and the prediction set contained 

9 standard solutions. To a series of 10 ml volumetric flasks, aliquots of Tenofovir and Zidovudine solutions, 

containing the appropriate amount of these drugs in the range of calibrations, were added and then the solutions 

were diluted to 10 ml with methanol. UV spectra of the mixtures were recorded in the wavelength range 220–300 

nm versus a solvent blank, and digitized absorbance was sampled at 1 nm intervals. All the solutions were prepared 

freshly and were protected from light. 

Sample preparation: 

Twenty tablets were weighed and their average weight was taken. An accurately weighed amount of the 

powder equivalent was dissolved in methanol in 100 ml calibrated flasks. 20ml of methanol was added and ultra 

sonicated for 25minutes and the volume was made up to100 ml with methanol and shake well. Then, the solution 

was filtered through what man filter paper No. 41 and the residue were washed three times with 10 ml of solvent, 

and then the volume was completed to 100 ml with methanol. The resulting solution was diluted to 1:2 in a 100 ml 

calibrated flasks. Both techniques were applied to the prepared sample solutions. The volume was made up to 100 

ml with methanol. The resulting solution was diluted to 1:2 in a 100 ml calibrated flasks. Both techniques were 

applied to the prepared sample solutions. Experimental design of sample set calibration and test sets for two- 

component systems were designed according to factorial principle five-level factorial design was used to produce a 

calibration set (Training step) of 25 samples. Calibration spectra are shown in Figure 2. A three-level set was 

derived to produce a prediction set (Validation step) of nine samples. Prediction spectra are shown in Figure 3. The 

compositions of the used calibration and Validation sets are summarized in Tables 1 & 2 respectively. 

Selection of optimum number of factors and the spectral region: 

The most commonly employed validation criterion is to divide the dataset into two subsets, a calibration 

set, and a validation set. The calibration model is calculated using the calibration set. Then, the root means square 

errors of calibration and validation, RMSEC – root mean square error of calibration and RMSEP – root mean square 

error of prediction, are calculated using the calibration model under investigation to predict the samples in the 

calibration set and validation set, respectively. 

Market sample analysis: (Assay) 

The proposed PLS and PCR methods were applied to the simultaneous determination of TENO and ZIDA 

in commercial tablets. Determination of six replicates was made. Satisfactory results were obtained for each drug in 

good agreement with the label claims. The results are presented in Table 4. The method was found to be precise with 

six sample preparations for the quantification of TENO and ZIDA. The precision and intermediate precision 

variations were calculated in terms of relative standard deviation and the results were found to be less than 2.0%.To 

check the validity of the proposed methods, recovery studies were carried out by addition of the standard to the pre-

analyzed formulation. 
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Precision: 

The method was found to be precise with six sample preparations for the quantification of TENOFOVIR 

and ZIDOVUDINE. The precision and intermediate precision variations were calculated in terms of relative 

standard deviation and the results were found to be less than 2.0% and the results are presented in Table. 5. 

Recovery Studies: 

To check the validity of the proposed methods, recovery studies were carried out by addition of the 

standard to the pre-analyzed formulation. The results are presented in Table. 6. 

Figure 1: Overlaid spectra of Tenofovir and Zidovudine 

 

 

Graph 1: Calibration and prediction spectra of Tenofovir 

 

Graph 2: Calibration and prediction spectra of Zidovudine 
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Table 1: Composition of calibration (Training set) for PLS and PCR methods. 

 

Sno Tenofovir Zidovudine 

 Reference 

ug/ml 

Predicted ug/ml Reference 

ug/ml 

Predicted ug/ml 

PLS PCR PLS PCR 

1 4 4.09 4.04 2 2.10 2.05 

2 4 4.08 4.04 4 3.98 3.95 

3 4 4.07 4.04 6 6.03 6 

4 4 4.06 4.04 8 7.97 7.96 

5 4 4.05 4.04 10 10.05 10.04 

6 8 7.99 7.95 2 2.09 2.05 

7 8 7.98 7.95 4 3.97 3.95 

8 8 7.97 7.95 6 6.02 6 

9 8 7.96 7.95 8 7.96 7.96 

10 8 7.95 7.95 10 10.04 10.04 
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11 12 12.02 11.99 2 2.08 2.05 

12 12 12.01 11.99 4 3.96 3.95 

13 12 11.99 11.99 6 6.01 6 

14 12 11.98 11.99 8 7.95 7.96 

15 12 11.97 11.99 10 10.03 10.04 

16 16 16.01 15.99 2 2.07 2.05 

17 16 16.00 15.99 4 3.95 3.95 

18 16 15.99 15.99 6 6 6 

19 16 15.98 15.99 8 7.94 7.96 

20 16 15.97 15.99 10 10.02 10.04 

21 20 20.03 20.02 2 2.06 2.05 

22 20 20.02 20.02 4 3.94 3.95 

23 20 20.01 20.02 6 5.99 6 

24 20 20.00 20.02 8 7.93 7.96 

25 20 19.99 20.02 10 10.01 10.04 

 

Table 2: Composition of validation [prediction set] for PLS and PCR methods 

 

Sno Tenofovir Zidovudine 

Referenc

e ug/ml 

Predicted 

ug/ml 

Reference 

ug/ml 

Predicted 

ug/ml 

PL

S 

PC

R 

PL

S 

PC

R 
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1 10 10.

59 

10.

55 

3 2.9

8 

2.9

4 

2 10 10.

58 

10.

55 

5 5.0

6 

5.0

4 

3 10 10.

57 

10.

55 

7 7.0

2 

7 

4 14 12.

49 

14.

46 

3 2.9

7 

2.9

4 

5 14 12.

48 

14.

46 

5 5.0

6 

5.0

4 

6 14 12.

47 

14.

46 

7 7.0

1 

7 

7 18 18.

48 

18.

46 

3 2.9

6 

2.9

4 

8 18 18.

47 

18.

46 

5 5.0

5 

5.0

4 

9 18 18.

46 

18.

46 

7 7 7 

Table 3: Summary of statistics in PLS and PCR. 

D

RUG 

RMSEP RMSEC r2 INTERCE

PT 

SLOPE 

P

LS 

P

CR 

P

LS 

P

CR 

P

LS 

P

CR 

P

LS 

P

CR 

P

LS 

P

CR 

T

ENO 

0

.0489 

0

.0425 

0

.02040 

0

.0181 

0

.999 

0

.999 

0

.0143 

-

0.028 

0

.999 

1

.0035 

Z

IDA 

0

.0397 

0

.0358 

0

.02040 

0

.0180 

0

.999 

0

.999 

0

.0143 

-

0.028 

0

.999 

1

.0035 
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Table 4: Analysis of tablet formulation (Assay). 

 

Formulation Lab

el claim 

PLS 

mg/tab found 

PCR mg 

/tab found 

TAVIN-L Teno 300mg 299.98 298.76 

Zida 150mg 150.27 150.27 

 

Table 5: Precision data. 

 

 SYSTEM PRECISION METHOD PRECISION 

Tenofovir (µg/ml) Zidovudine (µg/ml) Tenofovir % purity Zidovudine % purity 

PLS PCR PLS PCR PLS PCR PLS PCR 

Mean 1.50 1.50 11.03 11.03 100.31 100.31 100.44 100.44 

SD 0.012 0.012 0.018 0.018 0.2265 0.2265 0.1526 0.1532 

%RSD 0.76 0.76 0.15 0.15 0.20 0.20 0.1519 0.1526 

 

Table 6: Recovery studies. 

 

% of 

 

TENOFOVIR 

 

ZIDOVUDINE 

TARGE

T 

  

PLS 

 

PCR 

 

PLS 

 

PCR 

 

 

 

 

Mean 

 

100.83 

 

100.83 

 

100.01 

 

99.87 
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80% S.D 0.73 0.73 0.44 0.44 

 

RSD 

 

0.81 

 

0.81 

 

0.22 

 

0.22 

 

 

 

100% 

 

Mean 

 

99.77 

 

99.77 

 

99.87 

 

99.83 

 

S.D 

 

0.37 

 

0.37 

 

0.32 

 

0.25 

 

RSD 

 

0.37 

 

0.37 

 

0.32 

 

0.25 

 

 

 

120% 

 

Mean 

 

99.44 

 

99.44 

 

100.14 

 

100.17 

 

S.D 

 

0.54 

 

0.54 

 

0.24 

 

0.24 

 

RSD 

 

0.54 

 

0.54 

 

0.24 

 

0.24 

 

III. CONCLUSION 

The developed UV spectrophotometric methods were used for routine spectral analysis for the 

simultaneous determination of Tenofovir and Zidovudine. This method shows a high percentage of recovery and 

free from additional signals and suitable for combination drugs having overlapping spectra. Satisfactory results were 

obtained by these methods. The proposed methods can be used for the analysis of drugs in laboratory and process 

quality control. 
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