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ABSTRACT

Smart simple spectrophotometric method was devel oped for simultaneous
detemination of compundswith interfering spectrain binary mixtureswith-
out previous separation, showing significant advantages over the conven-
tional methods regarding minimum data manipulation and applicability. The
new method is based on amodification for the ratio subtraction and deriva-
tive ratio methods. This modification enabled wider range of application.
The proposed method was applied for the determination of brimonidineand
timolol in laboratory prepared mixtures with mean percentage recoveries
100.40 + 2.29 and 101.23 + 1.30 respectively, and in their pharmaceutical
formulation with mean percentagerecoveries 101.08+ 0.44 and 100.66 +0.52
respectively. The suggested method was validated according to USP 2005
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guidelines and can be applied for routine quality control testing.
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INTRODUCTION

Resolving drug mixtures has always been an ex-
tremely important issuein analysisof pharmaceuticas,
sgncealargenumber of dosageformsareformulated as
mixtures.

Many methods have beenintroduced for theanay-
sisof binary mixturesamong which the spectrophoto-
metric based methodswerethe most simple, fast and
goplicableinamost dl laboratories. Severd manipula
tionswere performed on theraw overlapping spectra
datato enablemixtureresolutionfor example, using dif-
ferent order derivatives*9 derivativesof theratio spec-
trum(”% and ratio subtraction technique*Y.

Theaim of the present work wasto develop anew
smple, rgpid, sdlectivemethod for the s multaneousde-

termination of components having overlapping spectra
in binary mixtures, having the advantages of minimal
data processing and wider range of application over
the previoudly mentioned methods.

To provetheability of thenewly described method
inresolving the overlapping spectra dataand smulta
neous determination of each component, it wasapplied
for theanaysisof amixtureof brimonidineandtimol ol
recently introduced into the markets.

Timolol (Ti) isapotent, non-subtype selective -
receptor antagoni<t. Itisusedtotreat hypertension, con-
gestiveheart failure, migraineprophylaxis, and hasbeen
widely used in thetreatment of open-angle glaucoma
andintraocular hypertension.

Brimonidine(Br) isancther clonidinederivativethat
isadministered ocularly tolower intraocul ar pressurein
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patientswith ocular hypertension or open-angle glau-
coma Theefficacy of brimonidineinreducingintraocular
pressureissimilar to that of the -receptor antagonist
timolol 4,

Brimonidineand timol ol areformul ated together in
theform of ophtha mic solution used for thetreatment
of glaucoma.

Theory

Themethod isbased on thefact that upon dividing
the absorption spectrum of acompound by another
spectrum of thesame compound, astraight lineof con-
gant amplitude (pardld tothebasdine) will result. While
upon dividing the absorption spectrum of acompound
by the absorption spectrum of another compound, a
new spectrum (ratio spectrum) will result, (figure1and
2). Thisrepresentsthe same basisof derivativeratio
and ratio subtraction methods. Thedifferencewill bein
themani pul ation of theresulting data.
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Figurel: Theratio spectrum of 20 pg/ml Br (—), 50 pg/ml
Ti (----) and amixtur econtaining 20 pg/ml and 50 pg/ml Ti
(++-) using a divisor of 50 pg/ml Ti in distilled water.
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Figure2: Theratio spectrum of 20 pg/ml Br (—), 50 pg/ml
Ti (---) and amixrurecontaining 20 png/ml and 50 pg/ml Ti
(++--) using a divisor of 20 pg/ml Br in distilled water.

Inderivativeratiotechniquethefollowingstepwould
be applying acertain order derivative, whileinratio
subtraction techniqueit will befollowed by subtraction

of acongtant at acertainwave ength then multiplication
with thesamedivisor. The devel oped method hasthe
advantage of being simpler, asthefollowing step will
simply be ca culating the difference between any two
pointsintheratio spectrum.

Mathematically it can beexplained asfollows:

Intheratio spectrum of alab mixtureof X andY
dividedbyadivisorY’
P=P,+K 1)
P,=P, +K @)
Where, P, and P, arethe amplitudes of the mixture spectrum at
A, and 1, respectively. P, and P,, aretheamplitudesof X at A,
and 1, respectively. K isthe constant resulting from Y/~
AP=P1-P2=(P, +K)-(P, +K)=P_-P,, €)

So thecomponent Y will becompletely cancelled
and thedifferencewill represent the X component only.

A cdlibration curve congtructed relating the differ-
enceinamplitudes (AP) intheratio spectrumat A, and
A, using acertain concentration of Y asadivisor tothe
corresponding concentration of X, regression equation
iscomputed for the determination of X intheunknown
samplesof thebinary mixture.

Similarly component'Y can be obtained by using
certain concentration of X asadivisor.

EXPERIMENTAL

(A)Apparatus

SHIMADZU dua beam (Kyoto/ Japan) UV-vis-
ible spectrophotometer model UV-1601 PC connected
to IBM compatibleand an hp1020 | aserjet printer. The
bundle software, UV. PC persona spectroscopy soft-
wareversion 3.7 (SHIMADZU) was used to process
absorption and ratio spectra, the spectral band width
was 2 nm and scanning speed was 2800 nm/min.

(B) Reference samples

Brimonidinetartarate and timol ol ma eatereference
standards were kindly supplied by Sigma
pharmaceutiaca Co. (Cairo, Egypt).

(C) Phar maceutical formulation

Combigan® ophtha mic solution manufactured by
Allergan (Mayo, Ireland). Batch no. E62201 |abeled
to contain 2 mg/ml of brimonidinetartarateand 5 mg/
ml of imolal.
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(D) Materialsand reagents

All solventsused were of anayticd grade, didtilled
water was used.

(E) Sandard solutions

(1) Stock standard solution 0.1 mg/ml brimonidinein
digtilled water.

(2) Stock standard solution 0.1 mg/ml timolol indis-
tilled water.

(F) Procedures
(a) Construction of calibration curves
Calibration curveof brimonidinetartarate

Aliquots(0.5-3.0ml) of Br stock solution (0.1 mg/
ml) weretransferredinto aseries of 10 ml volumetric
flasks, and the volume was completed with distilled
water. The zero order spectra of the prepared solu-
tionsweredivided by the spectrum of 50 pg/ml timolol.
The peak amplitudes of the ratio spectrawere mea-
sured at 260 and 290 nm.

Cdibrationgrgphsrdatingthedifferencesinthepesk
amplitudesat the chosen wave ength coupl eto the cor-
responding concentrations of Br were constructed, and
the corresponding regress on equation was computed.

Calibration curveof timolol maleate

Aliquots(1.0-6.0ml) of Ti stock solution (0.1 mg/
ml) weretransferred into aseriesof 10-ml volumetric
flasks, and the volume was completed with distilled
water. The zero order spectra of the prepared solu-
tions were divided by the spectrum of 30 pg/ml
brimonidine. The peak amplitudesof theratio spectra
were measured at 295 and 330 nm.

Cdibrationgrgphsrdatingthedifferencesinthepesk
amplitudesat the chosen wave ength coupl eto the cor-
responding concentrationsof Ti wereconstructed, and
the corresponding regress on equation was computed.

(b) Analysisof labor atory prepared mixtures

Laboratory prepared mixturescontaining different
ratios of Br and Ti were prepared, the zero order spec-
trum of each laboratory prepared mixturewasfirst di-
vided by the spectrum of 50pg/ml timolol and the dif-
ference in amplitude between 260 and 290 nm was
ca culated to determine brimonidine, after substitution
inthe corresponding regress on equation.

The zero order spectrawere then divided by the

—= Fyll Paper

gpectrum of 30pg/ml Br and the difference in amplitude
between 295nm and 330 nm was cal cul ated to deter-
minetimolol, after subgtitutionin the corresponding re-
gression equation.

(c) Application of the proposed method for thesi-
multaneous determination of Br and Ti in
combigan ophthalmic solution

0.5ml of thesolutionwastransferred to 10 ml mea
suring flask and the volume was compl eted with dis-
tilled water. 1ml of that solution wastransferred to an-
other 10ml measuring flask. The procedurewas com-
pleted as described under 2.6.2. The validity of the
method was assessed by applying the standard addi-
tiontechnique.

RESULTSAND DISCUSSION

A simple spectrophotometric method was devel -
oped for the s multaneous determination of the compo-
nentsof binary mixtureswith overlgpping spectrawith-
out previous separation. Asan examplefor the appli-
cation of the new suggested method the binary mixture
of Brand Ti waschosen.

The absorption spectraof Br and Ti show highde-
greeof interferenceas showninfigure 3, that the appli-
cation of thedirect spectrophotometry failed to deter-
mineeither of themintheir mixture.

Absorbance

Wavelength (n rﬁ)

Figure3: Theabsor ption spectraof 20 pg/ml Br (—) and 50
pg/ml Ti (---) in distilled water.

The suggested method starts by scanning zero or-
der spectra of the prepared standard solutions of Br
and Ti indistilled water. Different divisor concentra-
tionsof Ti and Br weretried, for the determination of
Brand Ti, respectively, followed by the careful choice
of thewavelength coupleto correlatetheir differences
inamplitudestotheir corresponding concentrations.

Careful choiceof thedivisorismandatory; the se-
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lected divisors should compromi se between minimal
noiseand maximum sensitivity. Thedivisor concentra:
tions50 pg/ml Ti and 30 pg/ml Br gave the best results
regarding averagerecovery percent when used for the
prediction of Br and Ti concentrations, respectively.

Different wavelengths were chosen on theratio
gpectraof thetwo drugsand thelinearity at thosewave-
lengths singly was assessed. A good linearity at 260
and 290 nmfor Br, and at 295 and 330 nmfor Ti was
obtained, (TABLE 1).

TABLE 1: Correlation coefficients(r) at different wave-
lengthsontheratio spectrum of Br and Ti.

Wavelength (nm) 260 290
Br 0.9999 0.9997
Ti 0.9998 0.9993

A linear correl ation was obtai ned between the dif-
ference in amplitude of theratio spectraat 260 and
290 nmfor Br. and at 295 and 330 nmfor Ti, against
the corresponding concentration of Br and Ti, respec-
tively, (TABLE 2).

TABLE 2: Theregresson equationsand correlation coeffi-

cientsof thedifferencein amplitudeat different wavelengths
intheratio spectrum of Br and Ti.

295 330

r

Component Wavelength Equation r
Br 260-290nm  y=0.0762x+0.1105 0.9999
Ti 295-330nm  y=0.0811x+0.078 0.9998

The proposed method was successfully applied for
the simultaneousdetermination of Brand Ti inlabora-
tory prepared mixtures containing different ratiosof Br
and Ti. The mean percentage recoveriesand standard
deviationswereshownin TABLE 3.

TABLE 3: Determination of Br and Ti in laboratory prepared
mixtur esby theproposed method.

Concentration pg/ml Recovery % of Br Recovery % of Ti

Br Ti 260 - 290 nm 295-330 nm
10.00 50.00 96.52 101.06
20.00 20.00 100.74 101.42
20.00 40.00 100.43 102.53
20.00 50.00 100.82 101.23
25.00 30.00 103.33 102.26
30.00 50.00 99.58 98.87

Mean 100.40 101.23
Std 2.29 1.30
RSD 2.28 1.28

The suggested method wasfound to be applicable
and valid for theanaysis of Combigan® Ophthalmic
solution with no interference of theexcipients. Theva
lidity of the proposed procedure was assessed by ap-
plying the standard addition technique (TABLE 4).

TABLE 4 : Determination of Br and Ti in combigan® eye
dropsby theproposed method and application of sandard ad-
ditiontechnique.

Standard addition

Proposed
Product Me?hod Taken Added Found Recovery
pg/ml pg/ml pg/ml %

Brin 500 493 98.60
Combigan® 10.00 10.00 10.14 101.40
eyedrops 2 20.00 20.06 100.30
pug/ml Br  101.08+0.44 ' ' '
and 5 pg/ml Mean 100.10
Ti B.No. SD 141
E62201 RSD% 1.41
Tiin 20.00 20.15 100.75
Combigan® 25.00 25.00 24.91 99.64
eyedrops 2 30.00 30.26 100.87
pg/ml Br 100.66+0.52
and 5 g/l Mean 100.42
Ti B.No. SD 0.68
E62201 RSD% 0.68

Thevalidation parametersaccording to USP 2005
guiddines@ of accuracy, repeatability and intermediate
precision are presented in TABLE 5. The datashowed
that the results obtai ned by the new method are accu-
rate, precise, robust and specific over the specified range.

TABLE 5: Assay validation sheet of the proposed methods
for thedetermination of Br and Ti.

Par ameter Br Ti
Accuracy (mean + SD) 100.16+1.32  100.17+1.66
Specificity 100.40+2.29  101.23+1.30
Precision
Repeatahility * 100.21+0.73 100.06 +0.32
Intermediate precison**  100.07 +0.40 100.09 + 0.39
Linearity
Slope 0.0762 0.0811
Intercept 0.1105 0.078
Correlation coefficient (r) 0.9999 0.9998
Range 5-30pg/ml 10— 60 pg/ml

* Theintraday (n = 3), average of three concentrations (10, 15,
20 pg/ml) for Br and (20, 30, 40 pg/ml) for Ti repeated three
times within the day; ** The interday (n = 3), average of three
concentrations (10, 15, 20 pg/ml) for Br and (20, 30, 40 pg/ml) for
Ti repeated three times in three successive days.
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The suggested method was ableto determine el -
ther component inthebinary mixturewithout limitations,
whereastheratio subtraction method*¥ can only de-
termine the component with theless extended spec-
trum, therefore enabling awider range of application.

CONCLUSION

The present work described asimple method for
mani pul ating overl gpped spectrd datafor smultaneous
determination of compoundsin binary mixtures. The
method was successfully applied for smultaneous de-
termination of brimonidineand timolol in pure powder
form and in pharmaceutical formulation. Themethod
was validated and showed that it can be used for the
regular quality control testing duetoitssimplicity and
widerangeof applicability.

—— Fyll Peper
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