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ABSTRACT KEYWORDS
Five simple, specific, accurate and precise UV- spectrophotometric meth- Spectrophotometry;
ods are adopted for the simultaneous determination of Amprolium hydro- Amprolium hydrochloride;
chloride (AMP) and Ethopabate (ETH), a binary mixture with overlapping Ethopabate;
spectrawithout preliminary separation. The first method isfirst derivative Ratio spectra;
of the ratio spectra (*DD) for determination of AMPand ETH at 234.7 nm Dua wavelength;
and 306.8 nm respectively. The second method isthe mean centering of the Areaunder curve.

ratio spectra for determination of AMPand ETH at 238.8 nm and 313 nm

respectively. The third method is based on dual wavelength selection for

determination of AMPand ETH at 235.3 nm & 308 nmand 244 nm & 268.4

nm respectively. The fourth method is ratio difference method for determi-

nation of AMPand ETH at 239 nm & 310 nmand 239 nm & 313 nm respec-

tively. Thefifth oneis areaunder the curve (AUC) method where the areas

between 235.6-243 nm and 268.3-275 nm are selected for determination of

AMP and ETH simultaneously. These methods are tested by analyzing

synthetic mixtures of the two drugs and they are applied to their pharma-

ceutical veterinary preparation. Methods are validated according to the

ICH guidelines and accuracy, precision and repeatability are found to be

within the acceptable limit.

Highlights

. These methods are sensitive and resol ve binary mixture with overlap-
ping spectra.

. The good recovery and accuracy make them applicablein QC labora-
tories

. The proposed methods can be used in QC without the difficulties of
HPLC

. The proposed methods were validated according to ICH guidelines.

. The proposed methods have been applied successfully on the veteri-
nary formulation
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INTRODUCTION

Coccidiosis is aterm sometimes applied to in-
fections with protozoaof the order Eucoccidiorida.
The predominant coccidian infections in man are
caused by Cryptosporidium, Cyclospora
cayetanensis, Isospora, Plasmodium, and Toxo-
plasma. Coccidian protozoa, primarily Eimeria,
cause economically important infectionsin domes-
ticated animalsgyl. Amprolium hydrochloride and
Ethopabate arewidely used to treat and prevent coc-
cidiosisin chickens. Since both are usually used as
a combination, it is important to develop simple
spectrophotometric methods to determine them si-
multaneoudly.

Amprolium Hydrochlorideis 1-[ (4-amino-2-pro-
pyl-5-pyrimidinyl) methyl]-2- methyl pyridinium chloride
Hydrochloride? (Figure 1). Itisan antiprotozoa used
inveterinary practiceaoneor with other drugssuch as
ethopabate, for the control of coccidiosisin pigeons
andin poultry!™, Ethopabateis methyl 4-acetamido-2-
ethoxybenzoate? (Figure 2). It isan antiprotozoa used
in veterinary practice with other drugs, such as
amprolium, for the control of coccidiosisin poultryt¥,

Literature survey reveaed that Amprolium hy-
drochloride and Ethopabate are officia in British
Pharmacopoeid®. There are many reported meth-
ods for the determination of either AMP, ETH, to-
gether or in combination with other drugsin differ-
ent matrices such as pharmaceutical formulation,
surface water, eggs, chicken muscles, chicken
plasma, chickenliver and chicken feed. These meth-
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Figure 1: Sructural formula for Amprolium hydrochlo-

ride
O
/U\N o>
H

Figure 2 : Sructural formula for Ethopabate
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odsincludeliquid chromatography coupled with ultra-
violet (UV)“3 or fluorescence®? detection, and liquid
chromatography mass spectrometry (LC-MS)1-16,
Thin layer chromatography™. Spectrophotometric
methodg2Y Atomic spectrometryt?d. Capillary elec-
trophoresisZl. Electrochemica method®.

Theaim of the study isto develop simple, rapid,
sensitive and sel ective spectrophotometric methods
for the determination of components with overlap-
ping spectrain their binary mixtures simultaneoudly,
providing the advantage of minimal dataprocessing
and without the need of sophisticated instruments,
expensive solvents or large number of samples.

Theoretical background
(a) M ean centering method

This method is based on the mean centering of
ratio spectra® 21, To explain the mean centering ex-
pression, let us consider a three dimensional vec-
tort?7,

5
Y= | ]
3
3
Calling: y'= 3
3
5 3 2
MC(y)=y-y =| 1 - 31=1-2
3 3 0

Consider amixture of two compoundsx andy. If
there is no interaction among the compounds and
Beer’s law is obeyed for each compound, it can be
written as follows:

A,=0C +aC (1)

whereAm isthevector of the absorbance of the mix-
ture, a_and o, are the molar absorptivity vectors of
x and y; and Cx and Cy are the concentrations of x
and y, respectively. If EqQ. (1) isdivided by _y cor-
responding to the spectrum of astandard sol ution of
y inbinary mixture, theratio spectrumisobtainedin
the form of EqQ. (2) (for possibility of dividing op-
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eration, the zero valuesof .y should not be used as a
divisor):
B:Am/ay:aXCX/ay+Cy (2)

If EQ. (2) ismean centered (MC), sincethemean
centering of aconstant (Cy) iszero, Eq. (3) would be
obtained:

o
MC(B) = MC
Oy (3

Eq. (3) representsthe mathematica foundation of
bi component anaysisthat permitsthedetermination of
concentration of each of the active compoundsinthe
solution (X in thisequation) without interfering fromthe
other compound of the binary system (y intheseequa
tions). Eq. (3) showsthat thereisalinear relation be-
tween theamount of MC (B) and the concentration of
xinthesolution.

A calibration curve could be constructed by plot-
ting MC (B) against concentration of x in the standard
solutions of x or in the standard binary mixtures. For
more sengitivity theamount of MC (B) corresponding
to maximum or minimum wavel ength should be mea-
sured. Cdlibration graphsfor y could dso beconstructed
asdescribed for x.

(b) Ratiodifferencemethod

Recently, Elzanfaly et al .1?22% developed anovel
smple, rapid and sel ective method to determine com-
ponents having overlapping spectrain binary mixtures
simultaneoudy. For any two drugs X andY with over-
lapping spectra, when the spectrum of X isdivided by
adivisor of acertain concentration of Y, aratio spec-
trumwill result, and alinear rel ationship between the
differencein amplitudesat any two wavelengthsand
the corresponding concentration of X will result, while
theratio spectrumof Y will beastraight lineof constant
amplitude parallel tothex-axisand thedifferencein
amplitudesof Y at any two wavelengthswill be zero.
Mathematically it can be explained asfollows: Inthe
ratio spectrum of alab mixtureof X andY isdivided by
adivisor Y°
P =P +K
P,=P, +K
where P, and P, are the amplitudes of the mixture
spectrum at A, and ), respectively. P, and P, are

Hnalytical CHEMISTRY o

theamplitudesof X at A, and A, respectively. K isthe
constant resultingfromY/Y ¢

AP, = PL-P2=(P_ +K)-(P,+K)=P, -P,

A calibration curverelating thedifferencein am-
plitudesin theratio spectrumat 2, and 2, AP . .
using acertain concentration of Y asadivisor to the
corresponding concentration of X will be used for
the determination of X in the unknown samples of
the binary mixture. Similarly component Y can be
obtained by using certain concentration of X as a
divisor.

EXPERIMENTAL

Apparatus

Spectrophotometer: SHIMADZU UV-1601 PC,
dual beam UV-visible spectrophotometer with two
matched 1-cm quartz cells, connected to an IBM com-
patible persona computer (PC) and an HP-600 inkjet
printer. Bundled UV—-PC personal spectroscopy soft-
wareversion (3.91) isused to processthe absorption.
Thegpectra bandwidthis0.1 nmwithwave ength scan-
ning speed of 2800 nmmin',

Calibrated Dragon lab® mi cropipettes.

Software

Minitab® Release 14.12.0
Materials
(a) Purestandards

Amprolium hydrochloride and Ethopabate are
kindly supplied by PrimaVet pharmaceutica company,
Cairo, Egypt. Their purity isfound to be 100.35% and
99.5%, respectively, according to the reported spec-
trophotometric method™.

(b) Phar maceutical preparation

Amprolium & Ethopabate PREMIX 25%" (Batch
No. 1203322) is afeed additive labelled to contain
250 gmamprolium hydrochlorideand 16 gm ethopabete

per onekilogram, manufactured by AdwiaCo. S.A.E.
10" of Ramadan city, Egypt.

(c) Reagents

Methanol, aspectrophotometric analytical grade
isobtained fromADWIC, Egypt.

Procedures

Au Tudian Yournal
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(a) Sandard solutions

AMP stock standard solution: 200 pg/mL in
methanol

ETH stock standard solution: 200 pg/mL in metha-
nd

(b) Methods
(A) For (*DD) method

Different aliquots equivaent to 10-400 ug/mL
of AMP and 10-100 ug/mL of ETH are accurately
transferred from their standard stock solutions (200
pg/mL) into two separate series of 10-mL volumet-
ric flasks then compl eted to volume with methanol.
The spectra of the prepared standard solutions are
scanned from 200400 nm using methanol as blank
and stored in computer. For the determination of
AMPin presenceof ETH, the stored spectraof AMP
are divided by the spectrum of 2 ug/mL ETH, then
the first derivative of the ratio spectra (:DD) with
AN = 4 nm is obtained. The amplitude of the first
derivative peak of (AMP/ETH) ismeasured at 234.7
nm. A calibration curverelating the peak amplitude
at 234.7 nm to the corresponding concentrationsin
ug/mL of AMP is constructed. For the determination
of ETH in presence of AMP, the stored spectra of
ETH are divided by the spectrum of 5 ug/mL AMP,
then the first derivative of the ratio spectra (:DD)
with AL = 4 nm is obtained. The amplitude of the
first derivative peak of (ETH/AMP) is measured at
306.8 nm. A calibration curverelating the peak am-
plitude at 306.8 nm to the corresponding concentra-
tionsin ug/mL of ETH is constructed.

(B) For mean centering method

Different aliquots equivalent to 10-350 pug/mL of
AMPand 10-120 pg/mL of ETH are accurately trans-
ferred from their standard stock solutions (200 pg/mL)
intotwo separate seriesof 10-mL volumetric flasksthen
completed tovolumewith methanol. Thescanned spec-
traof AMParedivided by the spectrum of 2 pg/mL of
ETH and the obtained ratio spectra are mean cen-
tered. The same is applied to ETH spectra as they
aredivided by the spectrum of 5 ug/mL of AMP, the
obtained ratio spectraare smoothed with AL =4 nm
and are then mean centered. The calibration curves
for both AMP and ETH are constructed by plotting

—— Fyll Peper

themean centered values at 238.8 nmand 313 nmfor
AMPand ETH, respectively, versusthe corresponding
concentration.

(C) For dual wavedlength method

Different aliquots equivalent to 20-320 pg/mL of
AMPand 10-140 pg/mL of ETH are accurately trans-
ferred fromtheir standard stock solutions (200 pg/mL)
into two separate seriesof 10-mL volumetric flasksthen
completedto volumewith methanol. Using the scanned
spectra, absorbance valuesat both 235.3 and 308 nm
(for AMP) and at both 244 and 268.4 nm (for ETH)
aremeasured. AMPisdetermined by plotting the dif-
ferencein absorbanceat 235.3 and 308 nm (difference
iszerofor ETH) against its corresponding concentra-
tion. Similarly, for determination of ETH, thedifference
in absorbance at 244 and 268.4 nm (differenceiszero
for AMP) isplotted agai nst its corresponding concen-
tration. Theconcentrationsof thetwo drugsare calcu-
lated each from the corresponding calibration curve
equation.

(D) For ratio difference method

Different aliquots equivalent to 10-400 pg/mL
of AMP and 10-140 ng/mL of ETH are accurately
transferred from their standard stock solutions (200
ug/mL) into two separate series of 10-mL volumet-
ric flasks then completed to volume with methanol.
For the determination of AMPin presence of ETH,
the stored spectra of AMP are divided by the spec-
trum of 2 ug/mL of ETH, then the amplitude differ-
ence of the ratio spectra (AMP/ETH) at 239 and
310nm (AP, ., ) isplotted against the correspond-
ing concentrationsin pg/mL of AMP. For the deter-
mination of ETH in presence of AMP, the stored spec-
traof ETH are divided by the spectrum of 5 pg/mL
of AMP, the obtained ratio spectraare smoothed with
AL =4 nm, thenthe amplitude difference of theratio
spectra (ETH/AMP) at 239 and 313 nm (AP, ,..)
Is plotted against the corresponding concentrations
inpug/mL of ETH.

(E) For areaunder the curvemethod

Different aliquots equivalent to 10-400 pug/mL
of AMP and 10-140 ng/mL of ETH are accurately
transferred from their standard stock solutions (200
ng/mL) into two separate series of 10-mL volumetric
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flasksthen compl eted to volumewith methanol. Area
under thecurveisca culated for thewave ength ranges
selected for determination of AMPand ETH whichare
235.6-243 nm (A, —A,) and 268.3-275 nm (A,-A,), the
absorptivity ‘Y’ values of each of the two drugs are
determined at the sel ected wavel ength ranges. Theab-
sorptivity Y’ values are determined as, Y = area under
curve of component (from 235.6-243 nm or 268.3-
275 nm)/concentration of the component (in ug/mL).
Mixed standardsare prepared and their areaunder the
curveare measured at the sel ected wavel ength ranges.
Concentration of two drugsin mixed standard and the
sample solution are cal cul ated using the corresponding
equations.

(F) Application of the proposed methodsfor the
determination of AMPand ETH in laboratory pre-
pared mixtures

Solutions contai ning different ratiosof AMPand
ETH are prepared. Zero order absorption spectra of
these mixturesarerecorded using methanol asablank.
By applying the proposed methods, the concentrations
of AMPand ETH inthe prepared mixtures are calcu-
lated from the corresponding equations.

(G) Application of the proposed methodsfor the
determination of AMPand ETH in phar maceuti-
cal formulation (Amprolium & Ethopabate
PREMI X 25%®)

A portion of thepremix equivdent to25mgof AMP
and 1.6 mg of ETH isaccurately weighed, sonicatedin
25 mL methanol for 15 min andfilteredinto 100- mL
volumetricflask. Theresdueiswashed threetimeseach
with 5 mL methanol and then completed to volumewith
methanol. Theproceduresof each method arefollowed
and the concentrations of AMP and ETH are calcu-
lated from the corresponding equations. Thevalidity of
themethodsisassessed by applying the standard addi-
tiontechnique.

RESULTSAND DISCUSSION

Molecular absorption spectroscopy has been
widely studied to develop analytica methodsfor the
determination of drugs in pharmaceutical prepara-
tionsfor quality control purposes. Themain chalenge
isthat most active drugsabsorb inthe UV region and

Hnalytical CHEMISTRY o
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Figure3: Zeroorder absor ption spectraof 10 ng/mLAMP (-
----),10 ng/mL ETH (-), using methanol as blank

exhibit overlapping spectrathat hinder their smulta-
neous determination. The zero-order absorption spec-
tra(D,) of AMPand ETH show severe overlapping,
(Figure 3), which preventstheanalysisof onedrugin
presence of the other. By applying the proposed tech-
niquesto the spectral dataof themixture, thisoverlap-
ping can beresolved, dlowing thedetermination of each
of AMPand ETH in presence of the other.

METHOD DEVELOPMENT AND OPTIMI-
ZATION

DD method

Sadlinas et a.*Y developed a spectrophotomet-
ric method, which is based on the derivation of the
ratio-spectrafor resolving binary mixtures.

Inthismethod the absorption spectrum of the mix-
tureisdivided by the absorption spectrum of astan-
dard solution of the interferent giving aratio spec-
trum, then the first derivative of thisratio spectrum
isobtained. The concentration of the analyteisthen
determined from acalibration curve.

The main advantage of this method is that the
whole spectrum of the interferent is cancelled. Ac-
cordingly, the choice of the wavelength selected to
construct the calibration curve is not critical.

In order to optimize *DD method for determina-
tion of AMP and ETH, it is necessary to test the
influence of many variablessuch asscanning speed, the
concentration of the standard solution used asadivi-
sor, thewavel ength increment over which the deriva
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tiveisobtained (A)\) and the smoothing function. Itis
found that fast scanning speed, AA=4 nm and scaling
factor 1 gave best compromise in termsof signal to
noiseratio, peak resolution and sengitivity throughout
the determination. Effect of divisor concentrationisalso
tested, for determination of AMP, different concentra-
tionsof ETH areused (1, 2, 4 pg/mL) and for determi-
nation of ETH, different concentrationsof AMPareusd
(5,8, 10 ug/mL) and the divisor concentrations 2 and 5
pg/mL of ETH and AMP, respectively, are found the
best regarding averagerecovery percent whenthey are
used for the prediction of AMPand ETH concentra-
tions, respectively, inbulk powder aswell asin labora-
tory prepared mixtures.

Theabsorption spectraof AMParedivided by the
absorption spectrum of 2 pg/mL ETH and the absorp-
tion spectraof ETH aredivided by the absorption spec-
trum of 5 ug/mL AMP, for determination of AMP and
ETH, respectively, giving ratio spectrashownin (Fig-
ure4 and5). These gavethebest compromiseinterms
of sengitivity, repeatability and Sgna tonoiseratio. Us-

...... o

Figure4: Ratio spectraof AM P (1-40 png/mL) using 2 pg/mL
of ETH asadivisor and methanol asblank

Figure5: Smoothed ratio spectraof ETH (1-10 pg/mL) using
5pg/mL of AMP as a divisor and methanol as blank

—— Fuyl] Paper
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Figure®6: First derivativeof ratio spectraof AM P (1-40 pg/
mL) usng 2 ng/mL of ETH as a divisor and methanol as blank

Figure7: First derivative of smoothed ratio spectraof ETH
(1-10 pg/mL) using 5 ng/mL of AMP as a divisor and metha-
nol asblank

ing thefirst derivativeof theratio spectrapresentedin
(Figure6and 7), linearitiesarestudied and calibration
curves are constructed rel ating the peak amplitude at
234.7 nm and at 306.8 nm to the corresponding con-
centration of AMPand ETH, respectively. Thelinear
regression equationsarefoundto be:

P,.»= 0.1299C + 0.0063 r = 0.9997

P_..= 0.7604C - 0.2957r = 0.9992

ETH
where C is the concentration of AMP and ETH in
ng/mL, P is the peak amplitude of the first deriva-
tive of the ratio spectrum curve and r isthe correla-
tion coefficient.

M ean centering method

For further improvement of the selectivity tore-
solvethe overlap present between AMPand ETH, a
method based on the mean centering of ratio spectra
isapplied; thismethod eliminatesthederivative step
and therefore the signal-to-noise ratio is en-
hanced?>?¢. The absorption spectra of AMP are di-
vided by the absorption spectrum of 2 ug/mL ETH and
the absorption spectraof ETH are divided by the ab-
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Figure 8: Ratio spectra of AMP (1-35 pg/mL) using 2
pg/mL of ETH as a divisor and methanol as blank
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Figure9: Smoothed ratio spectraof ETH (1-12 pg/mL) using
5pg/mL of AMP as a divisor and methanol as blank

33
28 _
23 4 I \
18 :
13

8

MCN Values

3 14

-12
200

260

280
Wavelength (nm)

Figure10: M ean centered ratio spectraof AM P (1-35 pg/mL)
using 2 ug/mL of ETH as a divisor and methanol as blank

sorption spectrum of 5 pg/mL AMP for determination
of AMPand ETH, respectively (Figure8and 9). The
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Figurell: Mean centered ratiospectraof ETH (1-12 pg/mL)
using 5 pg/mL of AMP as a divisor and methanol as blank

obtained rati o spectraare mean centered and the con-
centrationsof AMPand ETH are determined by mea-
suringtheamplitudeat 238.8 and 313 nm, respectively
(Figure10and 11). Thelinear regression equationsare
found to be:

MCN,,,, = 0.887C + 0.3348 r = 0.9998

MCN,,, = 8.0927C — 3.0243 r = 0.9995

where C is the concentration of AMP and ETH in
ng/mL, MCN is the peak amplitude of the mean cen-
tered ratio spectrum curve and r is the correlation

coefficient.
Dual wavelength method

Theprincipleof dua wave ength methodisthat the
absorbance difference at two points on the spectrais
directly proportional to the component of interest, in-
dependent of theinterfering component. Therequire-
ment for dua wave ength method isthe sel ection of two
wavd engthswheretheinterfering component showsthe
sameabsorbancewhilethe component of interest shows
significant differencein absorbance. Different sets of
wavelengthsaretried, (Figure 12) showsthat absor-
bance values of AMP arethe same at 244 and 268.4
nm thereforethese two wavelengths are selected for
determination of ETH. The samefor the two wave-
lengths 235.3 and 308 nm at which the absorbance
valuesof ETH arethe same, hence these two wave-
lengthsare selected for determination of AMP. Differ-
encein absorbancesof AMPat 235.3and 308 nm are
plotted against its concentration in therange of 2-32
ng/mL, also for ETH, difference in absorbances at
244 and 268.4 nm are plotted against its concentration
intherangeof 1-14 pg/mL. The concentration of AMP

HAnalytical CHEMISTRY o
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Figure12: Zeroorder absor ption spectraof 10 pg/mL of AMP
(----)and 10 pg/mL of ETH (—) showing the selected wave-
lengthsfor dual wavelength method using methanal asablank

and ETH can be cd culated from thefollowing regres-
sonequations:

AA, .= 0.0409C - 0.0029 r = 0.9999

AA_., = 0.0637C - 0.0141 r = 0.9999

where AA | is the absorbance difference at 235.3
and 308 nm. AA__,is the absorbance difference at
244 and 268.4 nm. C is the concentration of AMP
and ETH in pg/mL. r is the correlation coefficient.

Ratiodifferencemethod

The method comprises two critical stepd?®

Thefirstisthe choiceof thedivisors, theselected
divisorsshould compromisebetween minima noiseand
maximum sengtivity. Different concentrationsof divisor
areused (1,2and 4 pg/mL) of ETH and (5, 8 and 10
ug/mL) of AMP and the divisor concentrations 2 and 5
pg/mL of ETH and AMP, respectively, are found to be

wenkeegh lry

Figure13: Smoothed ratio spectraof ETH (1-14 pg/mL) us-
ing 5 ng/mL of AMP as a divisor and methanol as blank

—— Fuyl] Paper
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Figure14: Ratio spectraof 30 ug/mL of AMP (----) and 5 pg/
mL of ETH (—) showing the selected wavelengths for dual
wavedength method using methanol asablank

thebest regarding sensitivity, repestability, Sgnd tonoise
ratio and average recovery percent when used for the
prediction of AMPand ETH concentrations, respec-
tively, inbulk powder aswell asinlaboratory prepared
mixtures, (Figure4 and 13)

The second critical step is the choice of the
wavelengths at which measurements are recorded.
Any two wavelengths can be chosen provided that
they exhibit different amplitudes in the ratio spec-
trum and a good linearity is present at each wave-
length individually, (Figure 14).

Linear correlation is obtained between the dif-
ferencesinamplitudeat 239 & 310 nmfor AMPand
at 239 & 313 nm for ETH, against the correspond-
ing concentration of AMP and ETH, respectively.
Thelinear regression equations are found to be:
AP, .= 11911C + 0.5583 r = 0.9996

AP_,,, = 9.0073C - 2.0501 r = 0.9996

where AP, isthe amplitude difference at 239 and
310 nm. AP_,, is the amplitude difference at 239
and 313 nm. Cisthe concentration of AMPand ETH
in ug/mL. ris the correlation coefficient.
Areaunder curvemethod

Selection of the wavelength region to construct
AUC method has agreat effect on theanalytical pa-
rameters such as s ope, intercept and correl ation coef-
ficient. Different wavelength regionsaretested where
the wavel ength ranges 235.6-243 nm and 268.3-275
nm are sel ected which show good sel ectivity and per-
centagerecovery, (Figure 15)

Area under curve of the absorption spectrain
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Figure15: Zeroorder absor ption spectraof 10 pg/mL of AMP
(---) and 10 pg/mL of ETH (-) showing wavelength ranges for
areaunder curvemethod using methanol asablank

the wavelength ranges 235.6-243 nm (A, - A,) and
268.3-275 nm (A, - 1,) of AMPin the concentration
range of 1-40 pug/mL is calculated. For ETH, area
under curve of the absorption spectrain the wave-
length ranges 235.6-243 nm (A, - A.,) and 268.3-275
nm (A, — A,) in the concentration range of 1-14 ug/
mL is also calculated. The absorptivity ‘Y’ values
of AMPand ETH are calculated at each wavelength
range. The concentrations of AMP and ETH can be
obtained by applying Cramer’s rule and matrices in
Egs. (1) and (2). Concentration of two the drugsin
mixed standard and the sample solution are cal cu-
lated according to the following equations:

A =0277C,,, + 0.185C__,

at 235.6-243 nm (i, - &)

A,=0.217C,, +0.574C_,,
at 268.3-275 nm (A, - 1) (2)
whereC, , and C_, , aretheconcentrations of AMP
and ETH in pg/mL, respectively. 0.277 and 0.217
are the absorptivity (Y value) of AMPat (A, - 1,
and (A, — A,), respectively. 0.185 and 0.574 are ab-
sorptivity (Y value) of ETH at (A, - A,) and (A, —
A,), respectively. A, and A, arethe areaunder curve
of sample solutions at thewavelengthrange (A, - A,)
and (A, —1,), respectively.

To check the ability of the proposed methodsfor
determination of AMPand ETH intheir binary mix-
ture, they are applied for determination of the two
drugs in their laboratory prepared mixtures with
mean percentage recoveriesasgivenin TABLE 1.

The proposed methods are found to be valid and
applicablefor theanalysisof AMPand ETH intheir
pharmaceutical formulation (Amprolium &
Ethopabate PREMIX 25%") with mean percentage
recoveries as shown in TABLE 2. Furthermore, the
standard addition technique is performed to assess
the accuracy of the proposed methods. The obtained
results reveal that there is no interference from ex-

cipientsin the premix asshownin TABLE 2.
METHOD VALIDATION

M ethods validation has been performed accord-
ingtoICH guiddines®:

TABLE 1: Determination of Amprolium hydrochlorideand Ethopabatein laboratory prepared mixturesby the proposed

methods
Claimed Dual Ratio
No. concentration 'DDmethod centerlivrlzarrr]wethod Wavelength Difference mAétUhC(:)d
of taken method method
mixtures (ng/ml) % Recovery?® % Recovery?® % Recovery® % Recovery® % Recovery?®
AMP ETH AMP ETH AMP ETH AMP ETH AMP ETH AMP ETH
1 32 2 100.01 99.26 99.85 100.79 9931 9992 10049 10179 98.64 101.33
2 8 4 101.69 100.21 98.28 98.50 99.05 100.33 101.31 100.12 100.25 99.47
3 8 8 99.67 100.69 100.95 98.45 100.96 100.71 9854 100.69 99.79 101.62
4 16 6 99.62 100.35 99.14 10159 10054 99.66 99.68 100.13 98.91 100.02
5 16 10 101.79 99.66 99.57 98.55 10058 98.82 101.73 98.09 99.22 99.19
6 5 2 100.89 98.68 101.06 99.72 99.27 100.16 99.21 99.29 100.92 100.10
Mean 100.61 99.81 99.81 99.60 9995 9993 100.16 100.02 99.62 100.29
SD 0.986 0.752 1.069 1.344 0.830 0.652 1237 1254 0865 0.984
RSD% 0.980 0.753 1.071 1.349 0.830 0.652 1235 1254 0868 0.981

@ Average of three determinations
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TABLE 2: Determination of Amprolium hydrochlorideand Ethopabatein their phar maceutical for mulation by the proposed
methodsand application of sandard addition technique

A
'DD method M ean centering method
Dosage - 5 . .
form Drug  Found Added Found % Found Added Found %
(%)£S.D. (ug/ml) (ng/ml) recovery (%) +S.D. (ng/ml) (ug/ml) recovery
Amprolium AMP 99,35 5 4.998 99.97 99.47 5 4,975 99.50
35+ A7+
& 1186 10 9.961 99.61 0.257 10 9.963 99.63
Ethopabate 15 15.063 100.42 15 14.974 99.83
P';E()'\/"gx Mean < S.D. 100 + 0.406 Mean = S.D. 99.65+ 0.166
0
2 1.982 99.10 2 2.010 100.52
(250 gm 10174 + 100.17 +
AMP and 0.092 4 4.029 100.73 1226 4 3.961 99.03
16 Q}T ')ETH/ ETH 6 6.053 100.88 6 6.080 101.33
9 Mean + S.D. 100.24 £ 0.987 Mean + S.D. 100.29 £ 1.167
B
Dual wavelength method Ratio difference method
Dosage = 5 = B
form Drug Found® Added Found % recover Found® Added Found %
(%)+S.D. (ug/ml) (ug/ml) ° Y (%)S.D. (ug/ml) (ug/ml) recovery
98.98 5 5.019 100.38 99.80 5 4,957 99.15
Amprolium . .
& AMP L 0.286 10 10.086 100.86 L0451 10 9.843 98.43
Ethopabate 15061  100.41 15 14980  99.86
PREM IX 25%® Mean + S.D. 100.55 + 0.269 Mean + S.D. 99.15+ 0.715
(250gm 100,35 2 1.973 98.65 L01.44 2 1.992 99.60
AMP . .
And 16 gm - L 04 4 3.922 98.05 +0.945 4 4.033 100.82
ETH/ Kg) 6 5890 98.17 6 5963  99.39
Mean + S.D. 98.29+ 0.317 Mean + S.D. 99.94+ 0.772
C
AUC method
Dosage form Drug Found? Added  Found® % recover
(%)+S.D. (ug/ml)  (ug/ml) y
98.52 4,998 99.96
AMP +0.358 10 9.903 99.03
15 14.859 99.06
Amprolium & Ethopabate Mean < S.D 09.35+ 0 534
PREMIX 25%" o ' ’
(250 gm AMP and 16 gm ETH/ Kg) 99.58 2011 100.54
ETH 4 0.295 4 4.056 101.41
5.948 99.14
Mean + S.D. 100.36 £ 1.145

3 Average of three determinations; ° Average of four determinations
Linearity

Thelinearity of the proposed methodsisevaluated
by andyzing different concentrations of standard solu-
tionsof AMPand ETH intriplicates. Thevauesof cor-
relation coefficientsare closeto unity indicating good

linearity, the characteristic parametersfor theconstructed
equationsaresummarizedinTABLE 3.

Range

Thecalibration rangeis established through con-
siderations of the practical range necessary accord-
ing to adherence to Beer’s law and the concentra-
tion of AMPand ETH present in their pharmaceuti-
cal preparationto giveaccurate, preciseand linear re-

— a%a['yttaa[’ CHEMISTRY
A ndian W



300

Spectrophotometric methods for determination of Amprolium hydrochloride

ACAIJ, 15(8) 2015

Full Peper ——

TABLE 3: Assay parameter sand method validation for the deter mination of puresample of Amprolium hydrochlorideand

Ethopabateby theproposed methods

Mean Dual Ratio
1 -
Parameters DD method Cnirgtﬁggg wavelength method difference method AUC method
AMP ETH AMP ETH AMP ETH AMP ETH AMP  ETH
difference at difference at difference difference  areabetween
A (nm) 2347 3068 2388 313 2353and 244 and at239and at239and 235.6-243 and
308 268.4 310 313 268.3-275

Concentration 140 1-10 1-35 1-12 232 1-14 1-40 1-14 140  1-14
range (ng/mL)
Linearity
Slope 0.1299 0.7604 0.887 8.0927  0.0409 0.0637 1.1911 9.0073 -
g‘;f:;eart’fon 0.0063 0.2957 0.3348 3.0243  0.0029 0.0141 0.5583 2.0501 ;
coefficient (r) 0.9997 0.9992 0.9998 0.9995  0.9999 0.9999 0.9996 0.9996 - -
Accuracy 99.76 100.29 100.26 99.94 99.30 100.03 99.27 100.40 100.35 100.39
(mean + S.D.) +0.907 +£0.842 +1.018 +1.286 =+ 1.097 +1.065 +0.892 +1814 +1.031 +0.956
Specificit 10061 99.81 99.81 99.60 99.95 99.93 100.16 100.02 99.62 100.29

y +0980 +0.753 +1.071 £1.349 +0.830 +0.652 +1.235 +1.254 +0.868 +0.981
Precision(%RSD)
Repeatability” 0.437 0354 0.449 0.259 0.504 0.229 0.507 0.196 0.794 0.363
Intermediate
precision” 1.027 0.651 0567 0.941 1.204 0.602 0.836 0.384 1.249 0.925
LOD® (ug/ml) 0.062 0.088 0.154 0.116 0.049 0.08 0.174 0.127 0.121 0.103
LOQ® (ng/ml) 0.189 0.266 0.465 0.35 0.149 0.244 0.527 0.386 0.366 0.312

aTheintraday (n = 3), average of three different concentrations repeated three timeswithin day, ® Theinterday (n = 3), aver age of
three different concentrations repeated three times in three successive days, °Limit of detection and limit of quantitation

sults. TABLE 3.
Specificity

Thespecificity of the proposed methodsisassessed
by their application to the analysis of |aboratory pre-
pared mixtures containing different ratiosof AMPand
ETH. Satisfactory resultsare obtained and presented
inTABLE 1, confirming that each of thecited drugs
could be successfully determined without interference
fromtheother.

Accuracy

Theaccuracy of theresultsischecked by applying
the proposed methodsfor determination of different
concentrationsfor each of pureAMPand ETH within
their linearity ranges, respectively. The concentrations
are obtained from the corresponding regression equa-
tions then the percentage recoveries are calcul ated,
TABLE 3. To ascertain the accuracy of the proposed
methods, recovery studiesare carried out by standard
addition techniqueat three different levels, TABLE 2
and 3.

Hnalytical CHEMISTRY o

Precision

The precision of theresultsischecked by applying
the proposed methods for determination of three con-
centrationsfor each of pureAMPand ETH withintheir
linearity ranges, respectively; wherethe concentrations
are analysed three times each, intra-day, (for repeat-
ability) and on three successivedays, (for intermediate
precision). The concentrationsare obtained from the
corresponding regression equationsthen the percent-
agerecoveriesand %RSD vduesarecdculated, TABLE
3.

(a) 'DD method

Three concentrations of pureAMP (5, 10 and 20
png/mL) and pure ETH (4, 5 and 6 pg/mL) are
anaysed.

(b) Mean centering method

Three concentrations of pure AMP (5, 8 and 20
png/mL) and pure ETH (7, 9 and 10 pg/mL) are
analysed.

(c) Dual wavelength method
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TABLE 4: Satistical comparison of theresultsobtained by applying the proposed methodsand thereported method for the

analysisof pureAmprolium hydrochlorideand Ethopabate

e DD manod Ve Dulvadan Raiodfieme — AXC T el
AMP ETH AMP ETH AMP ETH AMP ETH AMP ETH AMP ETH
Mean 99.76 10029 10026 99.94 9930 10003 9927 10040 100.35 100.39 100.35 99.50
SD 0907 0842 1018 1286 1097 1065 0892 1814 1031 0956 1560 1.543
RSD% 0909 0840 1015 1287 1105 1065 0899 1807 1.027 0952 1555 1.551
N 6 6 6 6 6 6 6 6 6 6 6 6
Variance 0.823 0709 1.036 1654 1203 1134 079 3291 1063 0914 2434 2381
Student's 0.803 1.099 0.118 0528 1351 0648 1479 0928 0002 1.194
ttes®  (2228) (2.228) (2.228) (2.228) (2.228) (2.228) (2.228) (2.228) (2.228) (2.228) — -
Eugue 2959 3358 2349 1438 2021 2098 3054 1383 2288 2602

(5.050) (5.050) (5.050) (5.050) (5.050)

(5.050)

(5.050) (5.050) (5.050) (5.050)

3 The values in parenthesis are the corresponding theoretical values of t and F at (P = 0.05); P First derivative spectrophotometry

at 288.8 and 320.6 nm for AMP and ETH, respectively

Three concentrationsof pureAMP (20, 25 and 30
ug/mL)and pure ETH (5, 6 and 10 pg/mL) are analysed.

(d) Ratiodifferencemethod

Three concentrationsof pureAMP(5, 10 and
20 pg/mL) and pure ETH (7, 9 and 10 pg/mL) are
analysed.

(e) Area under the curve method

Three concentrations of pureAMP (5, 10 and 20
pg/mL) and pure ETH (2, 4 and 6 pg/mL) are
analysed.

Detection and quantitation limits

They are calculated from the standard deviation
(o) of the response and the slope of the calibration
curve (S) in accordance to the following equations:
LOD = 3.3 (0/S) and LOQ = 10 (c/S). Results pre-
sented in TABLE 3, indicated that the method issen-
sitivefor determination of the studied drugs.

Satistical analysis

Results obtained by the proposed methods for
determination of pureAMPand ETH arestatistically
compared with those obtained by applying thereported
spectrophotometric method*. The cal culated t- and
F-valuesarefoundto belessthanthetheoretical ones,
confirming accuracy and precision at 95% confidence
level, asshownin TABLEA4.

Thismanuscript highlightsseveral pointswhich
are

The main advantage of theratio-spectraderivative
spectrophotometry compared to thereported first
derivative spectrophotometric methodd”?? isthe
ability to do easy measurementsin correspondence
of peaksi.e. it permitsthe use of thewavel ength of
highest val ue of analytical sgnads(amaximumor a
minimum). Also, the presence of many maximaand
minimaisanother advantage becausethesewave-
lengthsgivean opportunity for the determination of
active compoundsin the presence of other com-
poundsand excipientswhich possibly interferethe
assay.

On the other hand, it isfound practically that to
increase selectivity and to resolve the severe
overlap between the zero order absorption spec-
tra of AMP and ETH, mean centering of ratio
spectramethod is applied which eliminated the
derivative step and therefore the signal-to-noise
ratio is enhanced.

The new ratio difference method allows the se-

lection of any two wavelengths for determina-

tion of the drugs, such as wavelengths of maxi-

mum absorbancethat can increasethe sensitivity of

themethod. The Ratio Differencemethod adso has
advantages over methods mani pul ating ratio spec-

trasuch asratio derivative and mean centeringin
being very simple (one step method). The Ratio
Difference method al so has advantages over the
dua wavel ength spectrophotometry inwhich the
sdl ected wave engths often meet at peak shoulders,
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whereAA/AMis said to be maximum, therefore se-
lectivity and robustnesstowardsthe measured com-
ponent areextremely affected, whilein Ratio Dif-
ference method measurements can be doneat any
two wave engthsthroughout thewhol eratio spec-
truminduding minimaor maxima

« Areaunder curve method isanewly established
spectrophotometric method which provides a
simple way to determine concentration of the
component of interest depending on area of its
absorption spectrum. This method has the ad-
vantage of being simple, sensitive and selective
for determination of components in presence of
other interfering substances; it iswidely applied
for determination of different drugsin their bi-
nary mixtures.

» All the proposed methods are simple and de-
pend on manipulating the absorption spectra of
the studied drugsand don‘t require any reactions
or adjustment of conditions as compared to the
tedious, time consuming colorimetric meth-
0dg*°24, Also, the proposed methods are easy
to apply for the determination of the studied drugs
in their pharmaceutical formulation (for quality
control purposes) without the need of sophisti-
cated instruments, expensive solvents or large
number of samples as compared to liquid chro-
matographic techniques?.

CONCLUSION

From the previous discussion, it can be con-
cluded that the proposed methods are smple, rapid,
accurate, precise, sensitive and specific and can be
used for the routine analysis of Amprolium hydro-
chloride and Ethopabate in their available pharma-
ceutical formulation. Themethodsarea so suitableand
vaidfor applicationinlaboratorieslackingliquid chro-
matographicingruments.
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