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Abstract

Chemometric techniques in spectral analysis have gained importance in the quality control of the drugs mixtures
and pharmaceutical formulations containing two or more drugs with overlapping spectra. Since theophylline and
etophylline have common chromophore, they cannot be analyzed simultaneously using conventional UV methods.
Simultaneous spectrophotometric determination of etophylline and theophylline was performed by partial least-
squares (PLS) and principal component regression (PCR) methods. The absorbance values in the UV-Vis spectra
were measured for the 71 wavelength points (from 230-300) in the spectral region 200-400 nm considering the
intervals of 1 nm. The accuracy and the precision of the methods were determined and validated by analyzing
synthetic mixtures of the drugs. The numerical calculations were performed with the ‘Unscrambler 10.3 X software.
The calibration ranges were found to be 6-30 pg/ml for etophylline and 2-10 pg/ml for theophylline. The
chemometrics analysis methods were satisfactorily applied to the simultaneous determination of etophylline and

theophylline in the tablet dosage form.
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antiasthmetic agent used in the treatment of
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with other drugs [1, 2].

smooth

Theophylline is

respiratory muscle relaxant,

phosphodiesterase  inhibitor,  bronchodilator
agent and vasodilator agent. Chemically it is 1,
3-dimethyl-3, 7-dihydro-1H- purine-2, 6-dione
[3, 4] that

etophylline and theophylline in combination

Literature survey revealed
with other drugs were simultaneously estimated
by HPLC [5-10]. Literature survey also revealed
that HPLC [11-13] and HPTLC [14] methods
have been reported for the simultaneous
estimation of etophylline and theophylline in

combined dosage forms.
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Figure 1. Structure of Theophylline (R = H) and
Etophylline (R = CH;CH,OH).

No UV spectrophotometric method has been
reported for simultaneous determination of
etophylline and theophylline in combined
dosage form. The present article discusses the
attempts made to develop simple, sensitive,
reproducible and economical chemometric
methods for simultaneous determination of these

drugs in combined dosage forms. Etophylline
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and theophylline both the drugs have same
chromophore and complete overlapping spectra
(Figure 1). Hence they cannot be quantified with
any conventional UV method.

In recent years, multivariate calibrations,

such as classical least-squares (CLS), inverse
least-squares (ILS), partial least-squares (PLS)
and principal component regression (PCR) have
been started to apply to the analysis of the
analytical data obtained in all the
instrumentation. It is perhaps the area within
chemometrics which has attracted the most
interest so far [15-16]. The approach is useful in
the simultaneous spectrophotometric
determination of two or more components in a
pharmaceutical formulation with overlapping
spectra. These are extensively applied in
quantitative spectral analysis to get selective
information from unselective data [17].
The objective of work is to investigate the
ability of PLS and PCR models to quantify the
binary mixture of etophylline and theophylline
with overlapped UV spectra and to apply the
optimized models to pharmaceutical
formulations. The proposed methods are simple
and accurate, resulted in a significant reduction
in analysis time and proved to be suitable for
routine determination of the two components of
the standard mixture.

The method involves a calibration step in
which the relation between spectra and
component concentrations is estimated from a
set of reference samples, and a prediction step in

which the results of the calibration are used to



estimate the component concentrations in

spectra of unknown sample.

2. Materials and Methods
2.1. Instruments and Software

Digitized UV/VIS absorbency spectra were
collected using a UV-Visible spectrometer 1601
Techcomp with 1 cm quartz cells. The data
acquisition was made with UV solitions
software at a scan rate of 1000 nm min™* and the
slit width of 1 nm. The UV spectra of mixtures
were recorded over the wavelength 230-300 nm
with one data point per nm. All spectral
measurements were performed using blank
(distilled water) as a reference, Partial least
squares regression and principal component
regression were used for chemometric analysis
of data. For all calculations Unscrambler for

windows (Version 10.3 X) was used.

2.2. Pharmaceutical Tablet formulations

A commercial pharmaceutical formulation
(Deriphylline) tablet containing 77 mg of
etophylline and 23 mg of theophylline was

analyzed by the proposed chemometric methods.

2.3. Preparation of Stock Solutions
Stock solution were prepared by dissolving
100 mg of

theophylline in 100 ml volumetric flasks and the

etophylline and 100 mg of

volume was made up with distilled water. The
training set containing 2-10 pg/ml theophylline
and 6-30 pg/ml etophylline working standard
solution were prepared by diluting the stock
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solutions for each drug according to its linear
calibration range. Two set 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 etophylline and
theophylline solutions, containing appropriate
amount of these drugs in the range of
calibrations, were added and then then solutions
were diluted to 10 ml with distilled water. UV
spectra of the mixtures were recorded in the
wavelength range 230-300 nm versus a solvent
blank, and digitized absorbance was sampled at
1 nm intervals. All the solution was freshly

prepared.

2.4. Sample Preparations

Twenty tablets were accurately weighed and
powdered in mortar. The suitable amount of the
powder equivalent to 77 mg and 23 mg of
etophylline and theophylline were weighed and
dissolved in distilled water in 100 ml calibrated
flasks. 20 ml distil water was added and ultra
sonicated for 10 minutes and the volume was
made up to 100 ml with distilled water and
shake well. Then, the solution was filtered
through whatman® filter paper No. 41 and the
residue was washed three times with 10 ml of
solvent, and then the volume was completed to
100 ml with distilled water. From the resulting
solution take 10 ml in 100 ml volumetric flask
and made up to 100 ml with distilled water
.Then after take 3 ml in 10 ml volumetric flask

and made up to 10 ml. Each sample solution was
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prepared in triplicate and measured in random

order.

3. Result and Discussion
The absorption spectra of etophylline and
theophylline solution in distilled water recorded

between 230 — 300 nm were shown in figure 2.
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Figure 2. Overlaid Spectra of Etophylline and Theophylline (a) A max: 273 nm for Theophylline, (b) A

max: 273 nm for Etophylline, (¢) A max: 273 nm for mixture.
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Figure 3. Calibration Spectra of Etophylline and Theophylline
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3.1. Experimental Ddesign of Sample Sets

Calibration and test sets for component
systems  were designed according to
factorialprinciple five-level factorial design was
used to produce a calibration set (Training step)

of 25 samples. Calibration spectra are shown in
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A three-level set was derived to produce a
prediction set (Validation step) of nine samples.
Prediction spectra are shown in Figure 4. The
compositions of the wused calibration and
validation sets are summarized in Tables 1 & 2

respectively.

Figure 3.
=
Figure 4. Prediction Spectra of Etophylline and Theophylline.
Table 1. Composition of calibration (training set) set for PLS and PCR method.

Sr. No. Theophylline Etophylline

Reference Predicted pg/ml Reference Predicted pg/ml

Hg/ml PLS PCR ug/ml PLS PCR
1 2 2.09 1.96 6 6.05 6.22
2 2 1.95 1.88 12 11.83 11.91
3 2 2.05 2.10 18 17.99 17.95
4 2 1.91 211 24 24.02 23.72
5 2.02 1.97 30 30.00 30.12
6 4 4.03 3.99 6 6.16 6.12
7 4 4.01 4.02 12 12.09 12.05
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8 4 4.02 4.09 18 17.88 17.78
9 4 4.03 4.21 24 24.01 23.75
10 4 3.88 371 30 30.07 30.30
11 6 6.02 5.80 6 5.85 6.16
12 6 6.01 6.08 12 11.90 11.84
13 6 5.98 6.18 18 18.03 17.74
14 6 5.99 5.98 24 23.88 23.92
15 6 5.86 5.90 30 30.07 30.05
16 8 8.10 8.02 6 6.00 6.10
17 8 7.85 7.78 12 12.16 12.23
18 8 7.88 8.13 18 17.96 17.58
19 8 8.21 8.29 24 24.03 23.88
20 8 8.12 7.85 30 29.94 30.20
21 10 9.96 9.96 6 5.92 5.97
22 10 9.87 9.96 12 12.00 11.86
23 10 9.86 9.78 18 18.13 18.28
24 10 10.16 10.40 24 23.95 23.68
25 10 10.02 9.73 30 29.95 30.36
Table 2. Composition of validation (prediction set) for PLS and PCR methods.

Sr. No. Theophylline Etophylline

Reference Predicted pg/ml Reference Predicted pg/ml

Hg/ml PLS PCR Hg/ml PLS PCR
1 3 3.46 3.46 9 9.01 9.01
2 3 3.44 3.44 15 15.02 15.02
3 3 3.37 3.37 21 21.29 21.29
4 5 4.96 4.96 9 9.07 9.07
5 5 5.18 5.18 15 14.69 14.69
6 5 5.33 5.33 21 20.44 20.44
7 7 6.92 6.92 9 9.19 9.19
8 7 7.02 7.02 15 14.77 14.77
9 7 6.98 6.98 21 21.02 21.02
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3.2. Selection of Optimum Number of Factors
and the Spectral Region.
The most frequently employed validation

criterion is to divide the dataset into two subsets,
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a calibration set and validation set. Calibration
model is calculated using the calibration set.
Then, the root mean square errors of calibration
and validation, RMSEC - root mean square

error of calibration and RMSEP - root mean

Table 3. Summary of statistics in PLS and PCR methods.

2

RMSEP RMSEC r Intercept Slope

PLS PCR PLS PCR PLS PCR  PLS PCR PLS PCR
Etophylline 0.2555 0.3369 0.0887 0.2150 0.999 0.999 0.001 0.011  0.999  0.999
Theophylline 0.2294 0.2439 0.0957 0.1699 0.998 0.996 0.006 0.021  0.998  0.996

square error of prediction, are calculated using
the calibration model under investigation to
predict the samples in the calibration set and
validation set, respectively. The accuracy of the
prediction equations was given by squared
coefficient of determination in prediction (r?)
and Root Mean Square Error of Prediction
(RMSEP). The analysis of results (Table 3)
shows that both PLS and PCR models have good
accuracy. However PLS model is more accurate
and stable because it has least RMSEC and
RMSEP values, correlation factor (r’) has closest

approach to unity.

3.3. Market Sample Analysis (Assay)
The proposed PLS and PCR methods were

applied to the simultaneous determination of
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etophylline and theophylline in commercial
tablets. Determination of six replicates was
made. Satisfactory results were obtained for
each drug in good agreement with the label
claims. Assay spectra are shown in Figure 5.

The results are presented in Table 4.

3.4. Precision

The method was found to be precise with six
sample preparations for the quantification of
etophylline and theophylline. The precision and
intermediate precision variations were calculated
in terms of relative standard deviation. The low
values of % RSD indicate that method is having
high repeatability (Table 5).
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Table 4. Analysis of tablet formulation (Assay) (n=6).

Formulation Label claim PLS mg/tab % PCR mg/tab %
Found Purity Found Purity
Deriphylline ETO 77 mg 78.2 mg 101.55% 78.2 mg 101.55%
Theo 23 mg 22.6 mg 98.26% 22.6 mg 98.26%
1 .o
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Figure 5. Assay Spectra of Etophylline and Theophylline.
Table 5. Results of system precision and method precision.
Sr. No. System precision Method precision
Etophylline Theophylline Etophylline Theophylline
PLS PCR PLS PCR PLS PCR PLS PCR
1 23.48 23.48 6.78 6.78 101.64 101.64 98.26 98.26
2 23.47 23.47 6.77 6.77 101.60 101.60 98.11 98.11
3 23.45 23.45 6.78 6.78 101.51 101.51 98.26 98.26
4 23.49 23.49 6.78 6.78 101.68 101.68 98.26 98.26
5 23.40 23.40 6.77 6.77 101.29 101.29 98.11 98.11
6 23.48 23.48 6.78 6.78 101.64 101.64 98.26 98.26
Mean 23.46 23.46 6.77 6.77 101.56 101.56 98.22 98.21
SD 0.0331 0.0331  0.00516 0.00516 0.1443 0.1443 0.0774 0.0774
%RSD 0.141 0.141 0.0762 0.0762 0.1421 0.1421 0.07887 0.07887
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3.5. Recovery Studies formulation (Standard addition technique).

To check the wvalidity of the proposed Recovery spectra are shown in Figure 6 and
methods, recovery studies were carried out by results are presented in Table 6. Low values of
addition of the standard to the pre-analyzed % RSD indicate that methods are having good

recovery at all three levels.
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Figure 6. Recovery spectra of Etophylline and Theophylline.

Table 6. Results of recovery studies (n=3).

Drug Level Amount of Amount of Method Average of % % RSD
Sample Std added Amount Recovery + SD
(mg) (mg) Detected
(mg)
80% 3.45 2.76 PLS 6.18 99.51+0.0057 0.0058
PCR 6.17 99.35+0.0057 0.0058
100%  3.45 3.45 PLS 6.80 98.55+0.01 0.0101
THEO PCR 6.80 98.55+0.01 0.0101
120% 3.45 4.14 PLS 7.55 99.47+0.0057 0.0058
PCR 7.54 99.34+0.0057 0.0058
80% 11.55 9.24 PLS 20.65 99.32+0.01 0.0101
PCR 20.64 99.27+0.0115 0.0116
ETO 100% 11.55 11.55 PLS 23.27 100.73+0.0057 0.0057
PCR 23.28 100.77+0.0057 0.0057
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120%  11.55 13.86 PLS

PCR

25.27
25.27

99.44+0.0056
99.44+0.0056

0.0057
0.0057

4. Conclusion

The most striking features of chemometric
methods are their simplicity and rapidity without
requiring time-consuming sample preparation.
Chemometric calibration techniques in spectral
analysis are widely used in quality control of
drugs in  mixtures and multicomponent
pharmaceutical formulations with overlapping
spectra, as separation procedures in the drug
determinations are not required. High percentage
of recovery shows that the methods are free
from interference of the excipients used in the
commercial formulation. Results also showed
that the developed methods can be applied to a
routine analysis, quality control of mixtures and
commercial preparations containing these two

drugs.

References

[1] CsID:1820,
http://www.chemspider.com/Chemical-
Structure.1820.html. Accessed (2014) 18: 43.

The British Pharmacopoeia, The Stationary Office,
London. (2008) 1518, 21186.

Peter JB. Theophylline: new perspectives for an old
drug. Am. J. Respir. Crit. Care. Med. (2003) 167:
813-818.
CSID:2068,http://www.chemspider.com/Chemical-
Structure.2068.html. Accessed (2014) 16: 46.

Srdjenovic B, Diordjevic-milic V, Grujic N, Injac

(2]

(3]

(4]

(5]
R, Lepojevic Z. Simultaneous HPLC determination

of caffeine, theobromine, and theophylline in food,

(6]

(7]

(8]

(9]

[10]

[11]

[12]

26

drinks, and herbal products. J Chromatogr. Sci.
(2008) 46(2): 144-149.

Shidhaye S, Malke S, Kadam V. Validated stability
indicating HPLC method for
theophylline from a novel microsphere formulation.
Asian J. Pharma. (2009) 3(1): 13-17.

Pickard CE, Stewart AD, Hartley R, Leacock MD.
A rapid HPLC method for monitoring plasma

estimation of

levels of caffeine and theophylline using solid

phase extraction columns. Ann. Clin. Bio. (1986)

23(4): 440-446.

Maithani M, Singh R. Development and Validation

of Stability- Indicating HPLC Method for the
of

in  Pharmaceutical

Simultaneous  Determination Salbutamol
Sulphate and Theophylline
dosage form. J. Anal. Bioanal. Tech. (2011) 1: 116.
Jain JK, Prakash MS, Mishra RK, Khandhar AP.
Simultaneous of multi

determination drug

components Theophylline, Etophylline,
Guaiphenesine and Ambroxol hydrochloride by
Validated RP-HPLC method in Liquid dosage
form. Pak. J. Pharm. Sci. (2008) 21(2): 151-158.
Dave HN, Mashru RC, Thakkar AR. Simultaneous
determination of salbutamol sulphate, bromhexine
hydrochloride and etofylline in pharmaceutical
formulations with the use of four rapid derivative
spectrophotometric methods. Anal. Chim. Acta.
(2007) 597(1): 113-120.

Wadia DN, Desai HT. Ultra Performance Liquid
Chromatography (UPLC) method development and
validation for the simultaneous estimation of
Etophylline and Theophylline in pharmaceutical
dosage form. Int. J. Life Science & Pharm. Res.
(2012) 2 (3): 19-24.

Nirav PM, Kaushal KC. Method development,

validation and stability study for simultaneous



[13]

[14]

[15]

[16]

[17]

estimation of Etophylline and Theophylline by RP-
HPLC chromatography in marketed formulation. J.
Chem. Pharm. Res. (2011) 3(3): 597-609.
Venkatesh V, Elphine Prabahar, Venkata Suresh P,
Umamaheswari CH, Rao Rama N. A New RP-
HPLC Method for Simultaneous Estimation of
Etophylline and Theophylline in Tablets. Research
J. Pharm. and Tech. (2011) 4: 128-130.

Shinde VM, Tendolkar NM, Desai BS.
Simultaneous Determination of Theophylline and
Etofylline in Pharmaceutical Dosage form by
HPTLC. Anal. Lett. (2006) 28: 45-58.

Elena D, loan T, Eva MM, Rares Il, Sorin EL.
Chemometric methods for the Simultaneous assay of
chloramphenicol, chlorhexidine and metronidazole
during in vitro dissolution of drugs from
mucoadhesive buccal gels. Farmacia (2010) 58 (5):
572-582.

Vijayageetha R, Shantha A. Simultaneous
Spectrophotometric Determination Of Rabeprazole
Sodium And Domperidone Maleate In Capsules By
Chemometric Methods. Int. Res. J. Pharm. (2013) 4
(6): 72-77.

Inderbir S, Prateek J, Birender K, Pradeep K.
Pharmaceutical ~ Applications of Chemometric
Techniques. ISRN Analytical Chemistry (2013)
Article ID 795178, 13.

27

Chemometrics in Simultaneous Spectrophotometric Determination


http://www.tandfonline.com/action/doSearch?action=runSearch&type=advanced&searchType=journal&result=true&prevSearch=%2Bauthorsfield%3A(Shinde%2C+V+M)
http://www.tandfonline.com/action/doSearch?action=runSearch&type=advanced&searchType=journal&result=true&prevSearch=%2Bauthorsfield%3A(Tendolkar%2C+N+M)

ONLINE SUBMISSION

WWW.1JPS.IT



	Dave HN, Mashru RC, Thakkar AR. Simultaneous determination of salbutamol sulphate, bromhexine hydrochloride and etofylline in pharmaceutical formulations with the use of four rapid derivative spectrophotometric methods. Anal. Chim. Acta. (2007) 597(1)...

