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ABSTRACT 

Introduction: Simultaneous mathematical determination of rosuvastatin calcium and propranolol hydrochloride was described using different 
methods. The mathematical determination involves different chemometric models, namely, partial least square (PLS-1) as traditional model and 
artificial neural network as advanced model with and without variable selection procedure (genetic algorithm) .Experimental: A two factor, 5-level 
experimental design was established resulting in 25 mixtures with variable ratios of the drugs. Thirteen mixtures were used as a calibration set and 
the last twelve mixtures were used as a validation set to validate the ability of the prediction. Conclusion: The methods were used for quantitative 
analysis of the drugs in raw materials and pharmaceutical dosage form. The validity of the proposed methods was assessed using the standard 
addition technique. 
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INTRODUCTION 

Rosuvastatin calcium(ROS) is a synthetic lipid - lowering agent for 
oral administration.It has the chemical name of (3R, 5S, 6E)-7-[4-(P-
flurophenyl)-6-isopropyl-2-(N-methylmethane sulfonamide)-5-
pyrimidinyl]-3,5-dihydroxy-6-heptenoic acid [1], as shown in Figure 
1. The molecular formula ofROS is (C22H27FN3O6S)2Ca and the 
molecular weight is 1001.14. It is a white amorphous powder that is 
sparingly soluble in water and methanol, and slightly soluble in 
ethanol.It is a competitive inhibitor of HMG-CoA reductase 
enzymethat is used inthe treatment of dyslipidemia and improve the 
lipid profile of the patient with hyperchloestrolemia. 

 

Fig. 1: Chemical structure of rosuvastatin calcium (ROS). 

Propranolol hydrochloride (PRO) is non-selective beta-adrenergic 
receptor blocking agent with the chemical name of 1-[(1-
methylethyl)amino]-3-(1-napthalenyloxy)-hydrochloride[1] as 
shown in Figure 2. The molecular formula of PRO is (C16H22NO2Cl) 
and the molecular weight is 259.34. It is a white crystalline solid that 
is readily soluble in water, methanol and ethanol. It is used for the 
treatment of high blood pressure, a number of types of irregular 
heart rate, thyrotoxicosis, capillary hemangioma, performance 
anxiety and the complication associated with angina or 
previous heart attacks [3-5]. 

 

Fig. 2: Chemical structure of propranolol hydrochloride (PRO). 

Determination of the ingredients in a pharmaceutical preparation 
becomes more difficult as the number of components in the mixture 
increases. Chemometric (multivariate calibration) techniques are 
employed for the analysis of multicomponent samples. All of the 
chemometric spectral analysis techniques are useful for the 
resolution of spectral bands overlapping in quantitative 
determination without chemical pre-treatment or graphical 
procedure of spectra such as derivative and ratio spectra derivative. 

Chemometric models (partial least squares PLS-1 and artificial 
neural network ANN) were applied via handling the UV spectral 
data. The variable selection (genetic algorithm GA) was applied to 
enhance the predictive power of these chemometric models. 

ANN is advanced model which is a type of artificial intelligence 
method that resembles the biological nervous system in having the 
capability to find the relationship between input and output. The 
outputs (predicted concentrations) are compared with targets 
(actual concentrations), and the difference is called error [6]. 

Reviewing the literature on the simultaneous determination of both 
ROS and PRO revealed that only Vierordt's and absorbance ratio 
methods were reported [7]. 

The aim of the present work was to develop simple and accurate 
methods for the simultaneous determination of ROS and PRO in pure 
and pharmaceutical forms. 

EXPERIMENTAL 

Materials and reagents: 

Pure ROS (99.35%) and PRO (99.55%) were kindly supplied by 
National Organization for Drug Control and Research, Giza, Egypt. 
Rosuprol® tablet was purchased from the Jordanian pharmaceutical 
market Batch No. SP33142RP (labeled to contain 10 mg rosuvastatin 
calcium and 10 mg propranolol hydrochloride per tablet). Ethanol 
(HPLC grade) was obtained from Sigma-Aldrich, Germany 
pharmaceutical company.Whatman filter paper No. 40. 

Instruments: 

Shimadzu UV-Visible 1650 Spectrophotometer, (Tokyo, Japan), 
equipped with 10 mm matched quartz cells. 
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Software 

UV-Probe personal spectroscopy software version 2.21 was used. All 
chemometric methods were implemented in Matlab®R2013b 
(8.2.0.701). PLS, GA-PLS, ANN, GA-ANN were carried out by using 
PLS toolbox software version 2.1 in conjunction with a Neural 
Network Toolbox. 

Standard solution preparation 

Stock standard solutions of ROS and PRO (100 μg/mL) were 
prepared by weighing accurately 10 mg of each drug powder and 
transferred separately in 100-ml volumetric flask and dissolved in 
50 ml of ethanol and the volume was completed to the mark with the 
same solvent. Working standard solutions of each drug (10 μg/mL) 
were prepared by accurately transferring 10 mL of stock solutions of 
both drugs  in two separate 100-ml volumetric flask and diluted to 
the mark with ethanol. 

Pharmaceutical sample preparation 

Ten tablets were accurately weighed and finely powdered in a 
mortar. A quantity of the powder equivalent to one tablet was 
accurately weighed and transferred to a 100-mL volumetric flask to 
which50 ml of ethanol was added. The flask was sonicated for 15 
min. Then filtered into 100-ml volumetric flask through, then the 
residue was washed twice with ethanol. All the filtrate and washings 
were collected and the volume was adjusted to 100 ml with ethanol 
to obtain solution of 100 µg/ml of each ROS and PRO. 

Procedure 

Experimental design for chemometric models 

Zero order absorption spectra of ROS and PRO (14 µg/mL) solutions 
were recorded against ethanol as a blank over a range of 200-400 
nm, as shown in Figure 3.A 2-factor, the 5-levels were established 
using 5 concentration levels for each interested drug, resulting in 25 
mixtures [8].The central level of the design is 14 µg/mL for each 
interested drug which, based on the calibration range of each drug. 
The regions from 350 to 400 nm were not involved in experimental 
design data. Thirteen mixtures were used as a calibration set and the 
last twelve mixtures were used as a validation set to validate the 
predictive ability of the developed chemometric models. 

 

Fig. 3: Zero order absorption spectra of ROS (14 µg/ml) and 
PRO (14 µg/ml). 

RESULTS AND DISCUSSION 

The literature survey reveals that chemometric methods have not 
been reported for the simultaneous determination of ROS and PRO. 
Thus, The application of both chemometric techniques for the 
simultaneous determination of both drugs was of interest. 

Chemometric models: 

In recent years, chemometric calibrations such as classical least-
squares (CLS), inverse least squares (ILS), principle component 
regression (PCR) and partial least squares (PLS)have been applied to 
the analysis of analytical data obtained from many instruments[9-
11]. 

The core points of the application of chemometric technique in this 
work were to develop simple and accurate methods for the 
simultaneous determination of ROS and PRO and showed the effect 

of variable selection on the improvement of thepredictive power of 
the interested chemometric methods by application of genetic 
algorithms (GA) technique, since GA could be used successfully as 
avariable selection technique [12,13]. The adjustment of GA 
parameters is an important issue of successful GA performance [14]. 

The construction of the calibration matrix for ROS and PRO mixture 
has been developed. The chemometric models were optimized with 
respect to the 5-level, 2-factor design resulting in 25 sample 
mixtures. These sample mixtures were divided into two groups; 13 
training mixtures (odd numbers of sample) for building the 
calibration set and 12 validation mixtures (even numbers of 
samples) for measuring the predictive power and validation of these 
models, the concentrations details were demonstrated in [Table 1]. 
The adjusted GA parameters were shown in [Table 2]. 

Table 1: The experimental design of the concentrations of ROS 
and PRO mixtures used in the chemometric methods 

Mix. No. ROS PRO 
1 14 14 
2 14 11.2 
3 11.2 11.2 
4 11.2 16.8 
5 16.8 12.6 
6 12.6 16.8 
7 16.8 14 
8 14 12.6 
9 12.6 12.6 
10 12.6 15.4 
11 15.4 16.8 
12 16.8 15.4 
13 15.4 14 
14 14 16.8 
15 16.8 16.8 
16 16.8 11.2 
17 11.2 15.4 
18 15.4 11.2 
19 11.2 14 
20 14 15.4 
21 15.4 15.4 
22 15.4 12.6 
23 12.6 11.2 
24 11.2 12.6 
25 12.6 14 

The shaded rows represent the validation set. 

Table 2: Parameters of the genetic algorithms 

Parameter Value 
Population size 36 
The number of variables in a window (window width) 2 
%Wavelengths used at initiation 50 
Maximum generation 32 
% of population the same at convergence 100 
Mutation rate 0.005 
Maximum number of LVs 2 
Cross over type Single 
Cross validation  Random 
The number of subsets to divide data into for cross 
validation 

4 

The number of iterations for cross validation at each 
generation 

2 

The wavelength range had to be selected optimally to control the 
quality of multi-component analysis [15]. The wavelengths used to 
be in the range 200 – 350 nm for both ROS and PRO, respectively. 
The wavelengths more than 350 nm were not used since, both drugs 
do not absorb in this region. 

Partial Least Square (PLS-1) 

PLS-1 method was applied for a relation between of the interested 
drugs (ROS and PRO) and the latent variable of data matrix [16]. 
PLS-1 deals with the whole spectrum and the information about the 
concentration of only one component to create the latent variables 
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(LVs) used by the model without application of a variable selection 
[17, 18]. 

The optimization of the number of LVs is a critical issue in PLS-1 
method, since extra LVs increases the possibility of the known 
problem of overfitting, while if the number of LVs was too small, the 
useful data that could be necessary for the calibration would be 
discarded. Leave one out (LOO) cross validation [19] can be applied 
to predict the optimum number of PLS components. The method for 
Haaland and Thomas [20] was developed for selecting the optimum 
number of the factors, since this method has significant selection of 
optimum models, while there is no significant difference between 
the corresponding root mean square error of cross validation 
RMSECV and the minimum RMSECV. 

The training set (calibration data) was used for constructing PLS-1 
model. RMSECV was calculated for each drug in the method 
(recalculated on addition of new factor to the PLS-1) for examining 
the error in the predicted concentrations and indicates both of 
precision and accuracy of the predictions [Figure 4,5]. GA was 
applied as a variable selection technique to enhance the predictive 
power of PLS-1 method by eliminating uninformative variables and 
select the most informative to enhance the interpretability. 

 

Fig. 4: RMSECV plot of the calibration set as a function of the 
optimum LVs for ROS. 

 

Fig. 5: RMSECV plot of the calibration set as a function of the 
optimum LVs for PRO. 

ANN and GA-ANN 

The technique of ANN is the inherent ability to create arbitrary non-
linear boundaries represented as neurons between input and output 
layers. The architecture of ANN could be divided into three 

components: Input layer, hidden layer and output layer. There are 
two important issues in the network learning: The estimation error 
and the training time. These issues may be affected by two factors: 
The first one is the factor related to the architecture of the neural 
network, which includes the number of hidden nodes, number of 
hidden layers and values of learning parameters, the second factor is 
that related to the training set which, include the number of training 
pattern, inaccuracy of input data and preprocessing of data. GA 
might be useful in reducing the absorbance matrix hence, the large 
number of nodes in the input layer increases the training time for 
ANN modeling. In addition to reducing the absorbance matrix of 
input data, GA allows the elimination of irrelevant data, such as 
noise or redundancies which involved in the data matrix. Thus, both 
of ANN and GA-ANN had been applied in this work to test for 
improvement of prediction.The output layer is the concentration 
matrix of one component. The hidden layer is the single layer which 
had been sufficient to resolve that similar or more complex issue 
since, more hidden layers overfitting [21]. 

ANN parameters had been optimized for each drug as shown in 
[Table 3], Purelin-Purelin transfer function was developed in the 
proposed methods due to linear correlation among absorbances and 
concentrations. ANN was trained by different training function and 
there were no significant differences in performances.Levenberg-
Marquardt back propagation TRAINLIM) was applied as it is time 
saving. 

Table 3: Optimized Parameters of ANNs. 

Method ANN GA-ANN 
 ROS PRO ROS PRO 
Architecture 151-10-

1 
151-7-
1 

87-3-
1 

87-3-
1 

Hidden neuron number 10 7 3 3 
Training function  TRAINLIM 
Adapting learning function LEARNGDM 
Transfer functions Purelin-Purelin 
Learning coefficient 0.001 0.001 0.001 0.001 
Learning coefficient 
decrease 

0.001 0.001 0.001 0.001 

Learning coefficient 
increase 

100 100 
100 100 

Calibration of the methods 

The proposed chemometric methods were implemented in the 
calibration data using optimized parameters. The concentrations of 
each drug (ROS and PRO) in the calibration set (13 mixtures) were 
calculated. A linear correlation was obtained among predicted 
concentrations of each drug and that of actual concentartions [Table 
4]. 

Validation of the methods 

The validation set was encountered in training step. ANN stops 
when Mean Square Error (MSE) of calibration set was decreased and 
that of validation set increased, to avoid overfitting problem.The 
validation set (12 mixtures) was analyzed to validate the proposed 
methods, [Table 5]. 

ANN and GA-ANN show better RMSEC and RMSEP than that of PLS-
1[Table 4,5], this may be due to the fact that ANN is an artificial 
intelligence where there is less chance for overfitting than that of 
PLS-1. 

Table 4: Determination of ROS and PRO in the calibration set of the proposed methods: 

Conc. (µg/mL) PLS-1 GA-PLS-1 ANN GA-ANN 

ROS PRO 
ROS PRO ROS PRO ROS PRO ROS PRO 
% Recoverya % Recoverya % Recoverya % Recoverya 

14 14 98.86 99.00 99.53 98.10 101.43 98.54 101.29 99.25 
11.2 11.2 101.02 99.21 101.16 99.37 100.65 100.32 100.29 99.87 
16.8 12.6 100.82 100.54 99.41 100.81 99.37 99.51 99.72 99.90 
16.8 14 100.27 99.95 99.65 101.01 100.00 101.60 99.35 100.53 
12.6 12.6 98.65 98.95 99.10 99.89 100.24 100.17 101.03 99.38 
15.4 16.8 99.61 101.91 99.35 99.64 99.35 99.64 99.35 99.64 
15.4 14 101.05 99.58 99.49 101.43 99.20 99.85 99.20 98.92 
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16.8 16.8 98.94 101.28 100.49 100.49 99.78 100.27 99.78 100.09 
11.2 15.4 101.15 99.81 101.25 100.91 100.00 99.51 100.63 99.64 
11.2 14 101.07 99.14 99.44 101.20 100.00 100.68 98.69 101.53 
15.4 15.4 100.33 100.85 101.10 100.19 102.60 99.34 101.30 99.73 
12.6 11.2 98.67 99.04 99.90 99.89 99.35 99.82 99.51 100.35 
12.6 14 100.30 99.24 101.03 99.49 100.28 100.86 100.28 100.57 
Mean 100.06 99.89 100.07 100.19 100.17 100.01 100.03 99.96 
%RSD 0.988 0.972 0.808 0.921 0.951 0.775 0.842 0.680 
RMSECb 0.134 0.147 0.108 0.132 0.145 0.109 0.116 0.095 

aAverage of three determinations. bRoot Mean Square Error of calibration. 

Table 5: Determination of ROS and PRO in the validation set of The proposed methods: 

Conc. (µg/mL) PLS-1 GA-PLS-1 ANN GA-ANN 

ROS PRO 
ROS PRO ROS PRO ROS PRO ROS PRO 

% Recoverya % Recoverya % Recoverya % Recoverya 
14 11.2 98.81 99.03 101.37 101.71 101.43 99.10 101.14 100.88 
11.2 16.8 101.75 100.97 101.42 99.46 100.89 99.66 100.44 99.06 
12.6 16.8 98.97 101.21 101.57 99.99 101.02 99.00 100.14 100.79 
14 12.6 99.51 99.48 100.65 99.93 102.14 99.39 101.71 98.60 
12.6 15.4 99.85 100.08 99.43 99.54 99.63 100.46 99.95 100.59 
16.8 15.4 99.60 100.88 100.56 99.44 99.82 99.65 99.82 99.65 
14 16.8 98.62 101.52 100.14 99.52 98.57 100.50 98.50 100.08 
16.8 11.2 101.43 100.20 99.99 99.38 99.40 100.23 99.40 100.05 

15.4 11.2 100.37 99.74 99.07 101.40 99.61 100.88 100.06 101.33 
14 15.4 99.20 100.42 100.36 99.68 100.71 100.65 100.71 100.26 
15.4 12.6 101.76 100.16 99.46 99.58 99.22 98.42 99.48 99.77 
11.2 12.6 99.62 98.74 99.55 101.19 99.02 101.22 101.07 100.43 
Mean 99.96 100.20 100.30 100.07 100.12 99.93 100.20 100.12 
%RSD 1.125 0.857 0.843 0.851 1.088 0.857 0.878 0.775 
RMSEPb 0.152 0.129 0.114 0.100 0.144 0.110 0.120 0.101 

aAverage of three determinations. bRoot Mean Square Error of Prediction. 

Application to the pharmaceutical preparation: 

The proposed chemometric methods were applied for the 
determination of ROS and PRO in their commercial tablets, 
Rosuprol® tablets [Table 6], and showed satisfactory results for the 
simultaneous determination of ROS and PRO in a good agreement 

with label claim.The obtained results were statistically compared to 
those obtained by the reported absorbance ratio method [7]. The 
calculated t and F values indicate that there were no significant 
difference between the proposed and the reported methods. The 
obtained results assure that the excipients did not interfere with 
proposed methods. 

Table 6: Determination of ROS and PRO in Rosuprol® tablets by the proposed chemometric methods: 

   Rosuprol® tablets  

Value 
PLS-1 GA-PLS-1 ANN GA-ANN Reported method 
ROS PRO ROS PRO ROS PRO ROS PRO ROS PRO 

N 5 5 5 5 5 5 5 5 5 5 

Mean 99.80 100.43 100.39 99.96 99.91 100.25 99.88 99.90 100.95 101.49 
SD 1.022 0.786 1.044 0.851 1.058 0.823 1.172 0.774 1.178 1.310 
%RSD 1.024 0.782 1.040 0.851 1.059 0.821 1.173 0.775 1.167 1.290 
Student’s t-test (2.306)* 0.803 0.618 0.899 0.713 0.452 0.582 0.627 0.726 - - 
Fvalue (6.388)* 1.329 1.059 1.273 1.243 1.240 1.161 1.011 1.028 - - 

CONCLUSION 

The developed chemometric method (PLS-1, GA-PLS, ANN and GA-
ANN) have been presented as a powerful method 

To resolve the binary mixture of ROS and PRO, and can be 
simultaneously determined in both their powder and 
pharmaceutical dosage form with acceptable results. 

REFERENCES 

1. The Merck Index: Published by Merck and CO. INC., Rahway, 
USA, 14th Ed. 2006. 

2. Nissen S.E., Nicholls S.J., Sipa I., et al. "Effect of very high-
intensity statin therapy on regression of coronary 
atherosclerosis: the ASTEROID trial". JAMA. 295 (2006) 1556–
65. 

3. Monograph. The American Society of Health-System 
Pharmacists. Retrieved 1 January (2015). 

4. Davidson J.R. "Pharmacotherapy of social anxiety disorder: 
what does the evidence tell us?". The Journal of Clinical 
Psychiatry. 67 (2006) 20–6.  

5. Chinnadurai S., Fonnesbeck C., Snyder K.M., Sathe N.A., Morad 
A., Likis F.E., McPheeters M.L. "Pharmacologic Interventions for 
Infantile Hemangioma: A Meta-analysis". Pediatrics. (2016) 137 
(2): e20153896. doi:10.1542/peds.2015-3896. 

6. Dawson C.W., Wilby R., Hydrol. Sci. J. 1998; 43: 47-66. 
7. Shinde N.G., Aloorkar N.H., Development and validation of UV 

spectrophotometric method for simultaneous estimation of 
propranolol hydrochloride and rosuvastatin calcium in bulk 
drug and pharmaceutical dosage form. Int. J. Adv. In 
pharmaceutics. 2015;4: 55-9. 

8. Brereton R.,G. Analyst. 1997; 122: 1521-29. 
9. International Conference on Harmonization, ICH Harmonised 

Tripartite Guideline. Validation of analytical procedure: text 
and methodology, Q2 (R1). International Conference on 
Harmonization, Geneva, 2005. 

10. Monica C.F., Patricia M.C., Teodoro S.K. Chemometric 
determination of amiloride hydrochloride, atenolol, 
hydrochlorothiazide and timolol maleate in synthetic mixtures 
and pharmaceutical formulations. J. Pharm. Biomed. Anal. 
2004; 34: 305-14. 

11. Erdal D., Abdil O., Halil A.,Ozgur U.,Dumitru B. Chemometric 
determination of naproxen sodium and pseudoephedrine 



Ashraf et al 

Innoriginal International Journal of Sciences | Volume 5 | Issue 2 | Mar-Apr 2018 | 5-9                

 

9 

hydrochloride in tablets by HPLC. Chem. Pharm. Bull. 2006; 54: 
415-21. 

12. Kamal A.H., Mabrouk M., El-Fatatry H.M., Hammad S.F. 
Determination of enantiomeric composition of ofloxacin in 
tablets by chemometric techniques applied to overlapped 
chromatograms. Der. Pharma. Chemica. 2015; 7: 117-26. 

13. Darwish H.W., Hassan S.A., Salem M., El-Zeany B.A. Different 
approaches in partial least squares and artificial neural 
network models applied for the analysis of a ternary mixture of 
amlodipine, valsartan and hydrochlorothiazide. Spectrochim. 
Acta, Part A. 2014; 122: 744-50. 

14. Attia K.A., Nassar M.W., Abdel-Fattah A. Bivariate and 
multivariate spectrophotometric methods for determination of 
ezetimibe with kinetic study of its alkaline degradation. J. Anal. 
Pharm. Res. DOI: 10.15406/japlr.2016.03.00042. 

15. Davis L., Mitchell M. Handbook of genetic algorithms, Van 
Nostrand Reinhold. New York, 1991. 

16. Michalewicz Z.  Genetic algorithms and data structures, 3 ed., 
Springer. Berlin, 1996. 

17. Li T., Lucasius C., Kateman G., Anal. Chim. Acta. 1992; 268: 123-
34. 

18. Blanco M., Coello J., Gonzalez F., Iturriaga H.,Maspoch 
S.Spectrophotometric analysis of a pharmaceutical preparation 
by principal component regression. J. Pharm. Sci. 1993; 82: 
834-37. 

19. Kramar R. Chemometric techniques for quantitative analysis. 
Marcel Dekker Inc., New York, 1998. 

20. Thomas E.V., Haaland D.M. Comparison of multivariate 
calibration methods for quantitative spectral analysis. Anal. 
Chem. 1990; 62: 1091-99. 

21. Massart D., Vandeginste B., Buydens L., De Jong S., Lewi P., 
Smeyers-Verbeke., Mann C. K. Handbook of chemometrics and 
qualimetrics: Part A, Elsevier. Amsterdam, 1998.

 


