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ABSTRACT

Simultaneous determination of dorzolamide (DOR) and timolol (TIM) by
partial least squares (PLS) calibration and H-point standard addition
method (HPSAM) is proposed. Due to the spectral interferences, simul-
taneous determination of DOR and TIM by using classical spectrophoto-
metric analytical methods is difficult. PLS calibration model was based
on the recording spectra in the range of 200-350 nm for 24 different
mixtures of DOR and TIM. Simplex lattice design with alattice degree of
3 was used for design of mixtures. Leave one out cross-validation method
was used to select the optimum number of factorsin PLS. The PLS method
was validated by using 11 external test samples. The root mean square
error of prediction (RMSEP) for DOR and TIM were 0.397 and 0.583,
respectively. Moreover, the proposed methods were successfully used
for determination of DOR and TIM in eye drop. Theresults of application
of H-point standard addition method showed that DOR and TIM can be
determined simultaneously with concentration ratios of 4:1, 8:2, 10:2.5
in the mixed sample. The results of application of two methods to the real
eye drop samples showed the success of two methods.
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INTRODUCTION

Dorzolamide ((4-S trans)-4-ethylamino-5,6-
dihydro-6-methyl-4H-thieno-[ 2,3-b]thiopyran-2-sul -
fonamide-7,7-dioxide monohydrochloride) (DOR)
is a carbonic anhydrase inhibitor (CAl) used in the
treatment of glaucoma. DOR was synthesized in
the19805Y. Oral CAls have been used to lower in-
traocular pressure (IOP) for the past 40 years.

Timolol maleate, (S)-1-[(1,1-dimethyl)amino]-
3-[[4-(4 morpholinyl9-1,2,5-thiadiazol-3-yl ] oxy]-2-

propanol (TIM), is a nonspecific p-adrenergic
blocker used in the treatment of hypertension, acute
myocardia infarction, angina pectoris and has an
important role as an antiglaucoma agent. TIM has
shown a broad activity with differential effects of
adrenergic and cholinergic blockades during experi-
menta therapeutics. Structural formulasof TIM and
DOR have been shownin Figure 1.

Intheliterature, very few methods appeared for
the determination of DOR individually in human se-
rum and urine which are based on HPL C assay with


mailto:mshariati_rad@yahoo.com

ACAIlJ, 15(11) 2015

Masoud Shariati-Rad et al.

459

Y4

//,,q’ s 0]
I
‘ / S—0
|
NH,
NH,
N

Dorzolamide

Timolol

Figure 1 : Chemical structure of DOR and TIM

ultraviolet detection?® and capillary electrophore-
sig¥. Onthe other hand, various methods have been
devel oped for the determination of TIM indrugfor-
mulations including UV spectrophotometry™®, and
gas chromatography (GC) with different detection
modes such as mass spectrometry (M S)!® and capil-
lary electrophoresis”. It must be mentioned that
Santoro et a.® have used first-derivative of the UV
spectral datafor the determination of TIM in phar-
maceutical ophthalmic solution.

DOR has been marketed in combination with
TIM in eye drops. For simultaneous determination
of both drugs, TLC-densitometry, first-derivative UV-
spectrophotometry and ratio derivative spectropho-
tometry have been used®. Derivative techniques
are widely used in conjunction with spectrophoto-
metric methods, especially in caseswhereimprove-
ments in selectivity are required”. However, one
of the disadvantages of these data transformation
proceduresisthat someloss of signal occursduring
thetransformation.

In 1988, Bosch-Reig and Campins—Falco!™ pre-
sented a new technique called the H-point standard
addition method (HPSAM) based on the principle
of dual-wavel ength spectrophotometry and the stan-
dard addition method*>*3, In the first publications,
the HPSAM was applied to UV—visible spectropho-
tometry!™4, | ater, it was also extended to liquid
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chromatography with diode array detection* and
spectrofluorimetryd,

Multivariate calibration methods such as partial
least squares (PLS) are useful tool in the analysis of
multicomponent mixtures”#!, These methods allow
rapid and simultaneous determination of each com-
ponent in the mixture with minimum sample prepa
ration, reasonabl e accuracy and precision and with-
out the need of lengthy separations. Moreover, the
problemsin selecting optimum wavel ength encoun-
tered by derivative method and HPSAM areavoided.

This paper reports simple and rapid methodsfor
the ssmultaneous quantitation of thetwo drugsin eye
drops based on PLS and HPSAM.

THEORY

Partial least squares

PLSis used to correlate instrumental responses
to chemical or physical properties?-?. Instrumen-
tal responsesareincluded row-wisein matrix X and
corresponding propertieswe areto predict them (e.g.
concentration) construct vector y. The relation be-
tween X and y is constructed in calibration step
through a vector of regression coefficientsi.e. y =
Xb. Theagorithm used to find b can befoundin the
literatures82,

H-point sandard addition method

Theoretical background of HPSAM can befound
elsewhere-13%1 The method which requires the
spectrum of theinterferent to be known isbased on
the measurements of two standard addition lines at
two wavelengths A, and A, where the interferent
shows the same absorbance. The absorbance of the
analyteat A, and A, should be different. Intersection
of the two lines corresponds to the analyte concen-
trationinthemixture.

MATERIALSAND METHODS

Reagentsand solutions

All experiments were performed with pharma:
ceutical-grade DOR and TIM. Doubly distilled wa-
ter was used for preparation of the solutions. Stock
solutions containing 100 mg.L* of DOR and TIM
were prepared by dissolving dorzolamide hydro-
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chloride and timolol maleate in doubly distilled
water, respectively. Standard working solutions
were made by appropriate dilution of these stock
solutionsasrequired. Fresh stock standard solutions
were prepared every day.

For HPSAM, standard 500 mg.L-! solutions of
each of DOR and TIM were prepared by dissolving
appropriate amounts of drugs in doubly distilled
water. Furthermore, Zilomole (Iran, Sinadarou) and
Co-Biosopt (Iran, Bakhtarbioshimi) pharmaceutical
formulations were used as real samples. These for-
mulations contain 2 g per 5mL and 0.5 g per 5 mL
DOR and TIM, respectively,

Apparatus, hardwar eand software

Spectrophotometric measurementswere carried
out withanAgilent 8453 spectrophotometer, employ-
ing alcm path-length quartz cell. Spectrawere ac-
quired over the wavel ength range of 200-350 nm at
1 nm intervals against a solvent blank. PLS multi-
variate calibration and other calculations were car-
ried out using PLS Toolbox inthe MATLAB 7.2 en-
vironment (The MathworksInc., Natick).

Procedure

Appropriate volumes of the stock solutions of
DOR and TIM were diluted with doubly distilled
water for preparation of standard calibration
samples. The examined concentration range of the
analytes in the univariate calibration was 0.1-100
mg.L*for DORand TIM.

A set of 35 mixtureswere prepared for PLS mul-
tivariate calibration. These samples were prepared
by mixing convenient volumes of stock solutions of
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0.6 -

Absorbance
o
B

0.2 -

DOR and TIM and diluting by doubly distilled wa-
ter to thefinal concentrationsin the range of 10-28
mg.Lfor DORand 3-11.5mg.L* for TIM. Themix-
tures were designed based on the simplex lattice
design with a lattice degree of 3. The design was
conducted based on the linear ranges in univariate
calibration and the real sample content. These mix-
tures have been reported in TABLE 1. These 35
samples were divided into 24 calibration and 11
external test samples based on the Kennard-Stone
algorithm®Y, External test samplesare used to check
the stability of each calibration model and the abil-
ity to predict sampleswhich have not beenincluded
in calibration set.

For the evaluation of HPSAM in determination
of DOR and TIM, synthetic mixtureswith different
ratios of DOR/TIM were designed and prepared in
which DOR was either considered as the anayte
(and TIM the interferent) or as the interferent (and
TIM theanalyte). The added concentrations of DOR
to these mixturesvaried from 0to 20 mg.L* (n=10)
for determination of DOR. TIM was added in the
range of 0to 10 mg.L* (n=10) for determination of
TIM.

For determination of DOR and TIM in oph-
thalmic eye drops, the added concentrations to the
solutions of ophthalmic eye drops were performed
asfor the synthetic mixturesof DOR and TIM.

Real samplepreparation

1 mL of the commercial ophthalmic eye drop
solution (containing 20 mg DOR and 5mg TIM per
5 mL) was transferred into a 1000 mL volumetric
flask and diluted to the volumewith doubly distilled

210 230 250
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290 310 330 350
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Figure 2 : Absorption spectra of (a) DOR (20 mg.LY), (b) TIM (5 mg.L) and (c) mixture of them
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water. Therefore, the resulted solution is 20 and 5
mg.L1in DOR and TIM, respectively. The resulted
solution was then used to analysis by HPSAM and
PLS.

RESULTSAND DISCUSSION

Figure 2 shows the absorption spectra of DOR
(20mg.LY), TIM (5 mg.Lt) and amixture of themin
doubly distilled water. TIM shows maxima at 212
and 297 nm while DOR exhibitsamaximum absor-
bance at 258 nm. It is evident that spectra strongly
overlap which make difficult the simultaneous de-
termination of drugs by classical methodology.
Therefore, we expected that using multivariate cali-
bration could be a better resource to circumvent
spectral overlapping and mutual interference prob-
lems. These methods alow the resol ution of the mix-
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tures of the analytes without the need for their pre-
vious separation.

TABLE 2 summarizesthe most relevant results
of the univariate calibration. The squares of corre-
lation coefficients (r?), which indicate the quality of
the straight lines that fit the absorbance-concentra-
tion data, were 0.999 and 0.989 for DOR and TIM,
respectively. Linear range for DOR is longer than
TIM and detection limit for DOR issmaller.

Multivariatecalibration

The proposed multivariate calibration method
isbased onthe PLS analysisof UV-Visspectral data.
Optimum number of PLS latent variables was se-
lected by searching the minimum RMSECV (root
mean square error of cross validation, a measure of
the predictive ability of the model) with the leave-
one-out cross-validation®?, In order to perform the

TABLE 1 : Composition of the samples used for PLS calibration and prediction

Calibration set samples

External test samples

Solutions Dorzolar_Tl1ide Timol_?l Solutions DorzoIar_rgide Timol_?l
(mg.L™) (mg.L™) (mg.L™) (mg.L™)

S1 19.0 6.0 S1 19.0 55

S2 27.0 8.0 S2 14.5 55

S3 20.0 5.0 S3 16.5 85

4 18.5 6.5 A 26.5 85

S5 235 115 S5 14.0 55
21.0 9.0 S6 115 35

S7 135 6.5 S7 15.5 45

S8 18.0 7.0 S8 15.0 5.0

S9 22.0 8.0 S9 12.0 3.0

S10 245 105 S10 24.0 6.0

S11 11.0 5.0 S11 255 9.5

S12 10.5 45

S13 23.0 7.0

S14 175 75

S15 14.0 6.0

S16 215 85

S17 28.0 7.0

S18 115 40

S19 11.0 40

S20 25.0 10.0

S21 20.0 10.0

S22 10.0 5.0

S23 16.0 40

S24 225 75
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TABLE 2: Theresults of univariate calibration for DOR and TIM

Par ameter DOR sTIM
Amax (NM) 258 213
Number of samples 28 17
Linear range (mg.L™) 0.8-80.0 3.3-50.0
Sope 0.029 0.025
Sardard error of slope 0.001 0.001
Intercept 0.002 0.019
Sardard error of irtercept 0.035 0.034
Correlation coefficient 0.999 0.989
Sandard error of corrdation coefficient 0.147 0.092
Detection Limit (mg.L™) 0.052 0333

TABLE 3 : Satistical parameters of the PLS models

Parameters DOR TIM
Factors 3 5
RM SEP? 0.397 0.583
RMSECV® 0.336 0.35
Q 0.995 0.985
R 0.995 0.963

RMSEP = ((X(€ — C)*) / (n— 1)). € and C are real and
predicted concentrations, respectively. n is the number of the
external test samples; RMSECV with same formulation of

RMSEP for calibration set; Q=1-(¥(€ — €)%) / (T(€ — )
, where C and C are average of the real concentration and
predicted concentration with PL'S, respectively.

anaysis, acalibration was built and validated. The
results of calibration and prediction with PLS mod-
els are shown in TABLE 3. RMSEP for DOR and
RMSECV for TIM is smaller. PLS model for DOR
performs better in prediction (Q? is higher). Values
of Q? and R? are near to 1. These show the good
predictivity of the PLS models.

Analysisof real samples

The validated PL S calibration models were ap-
plied to the simultaneous determination of DOR and
TIM in commercia ophthalmic eye drop formula
tions. The concentrations obtained for DORand TIM
in the Zilomole and Co-Biosopt eye drop formula-
tionsareshownin TABLE 4.

Calculated RSD% and Recovery% for DOR
show that the PLS method for DOR isbetter. Higher
accuracies in determination of DOR can be attrib-
uted toitshigher concentrationin real samples (four
times). The precision of the method in prediction
indicated by RSD% is very good (all of the calcu-

lated RSD% are lower than 1).

H-point standard addition method (HPSAM) for
synthetic mixtures

Synthetic mixtures containing DOR and TIM in
three different ratios of DOR to TIM (4.1, 8:2 and
10:2.5) were prepared. To each mixture, increasing
amounts of the analyte were added to apply the
HPSAM. Results of HPSAM for determination of
DOR and TIM inthese mixtures have been reported
in TABLE 5. The good agreement between thesere-
sultsand known values indicates the successful ap-
plicability of HPSAM for simultaneous determina-
tionof DORand TIM.

H-point standard addition method (HPSAM) for
phar maceutical samples

When DOR or TIM is selected asthe analyte, it
is possible to select severa pairs of wavelengths
where they present the same absorbance for
interferent. The results for DOR and TIM consid-
ered as the anayte in the Zilomole are given in
TABLE®G.

TABLE 6 shows that the best results for DOR
and TIM have been obtained for wavelength pair
270:314 and 239:268 nm, respectively. Using the
wavelength pair 211:276 nm has resulted in agood
predictionfor TIM, too. Acceptableresultshave been
obtai ned only when measurements are performed at
two wavelengths where the analyte absorbance is
not too small and the differencein slopesof the addi-
tion linesislarger.

Comparison by theother methods
This section reports the results of the proposed
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TABLE 4 : Theresults of analysis of the real samplesby PLS

Dorzolamide Timolol
Found® (mg.L ™) RSD% Recovery% Found® (mg.L") RSD%  Recovery%
Zilomole 19.43 0.80 97.20 473 0.70 94.70
Co-Biosopt 19.69 0.06 98.46 4.79 0.19 95.84

The results have been obtained by 6 times determination of the real samples

TABLE 5 : Results obtained by HPSAM in simultaneou

s determination of DOR and TIM in synthetic mixtures

Mixture Analyte I nterferent Ratio DOR Found TIM
1 DOR TIM 4:1 4.083+0.118
TIM DOR 1.000
2 DOR TIM 8:2 8.048
TIM DOR 1.842
3 DOR TIM 10:2.5 10.226+0.022
TIM DOR 2.475

TABLE 6 : Results of HPSAM for DOR and TIM in Zilomole and Co-Biosopt pharmaceutical products

Phar maceutical DOR . TIM .
product Found (mg.L™) I?(Z I)D Rel até%e)er ror Found (mg.L™) F(QO/SO ? Relat g)//oe)err or
Zilomole

20.22 3.65 1.10 5.07 4.07 1.40
Co-Biopt

19.35 1.01 -3.25 4.86 4.20 -2.80

TABLE 7 : Results of different methods for simultaneous deter mination of DOR and TIM

Methods DOR TIM

RSD% Recovery% RSD% Recovery%

TLC[19] 0.41 100.50 0.37 99.53
First-derivative UV-spectrophotometry [19] 0.30 101.25 0.12 99.90
Ratio derivative spectrophotometry [19] 0.31 99.87 0.51 99.84
PLS (Zilomoal) 0.80 97.20 0.70 94.70
PLS (Co-Biosopt) 0.06 98.46 0.19 95.84
HPSAM (Zilomal) 0.74 101.07 0.21 101.40
HPSAM (Co-Biosopt) 1.01 96.77 4.20 97.20

method and other methodsin simultaneous determi-
nation of DOR and TIM. Theresults have been col-
lectedin TABLE 7.

The results obtained by HPSAM for Zilomol
pharmaceutical product are comparable with those
obtained by TLC and derivative methods. However,
it must be mentioned that if matrix effect is present
derivative methods cannot be used. Moreover,
HPSAM performsbetter compared with PLSfor this
product. This can be related to the some matrix ef-
fect in the real ophthalmic eye drops. HPSAM can

solve the matrix effect and the known interference
synchronously. In general, DOR has been predicted
by lower errors. This can be attributed to its lower
amountsin the pharmaceutical products.

CONCLUSIONS

Simultaneous determination of DOR and TIM in
mixtures is difficult due to the high spectral over-
lapping between the absorption spectra of the com-
ponents. M ethods based on the use of electronic ab-
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sorption measurementsin conjunction with PLS mul-
tivariate calibration and HPSAM were developed
for the simultaneous determination of DORand TIM
in eye drops and synthetic binary mixtures. These
techniques are simple, fast and precise. Moreover,
the proposed methods do not need separation of
dorzolamide hydrochloride and timolol mal eate be-
foretheanalysis. HPSAM performed better than the
PL S method which can be attributed to the presence
of somematrix effect in thereal ophthalmic eyedrop
samples.
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