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ABSTRACT

Simple, Accurate, selective and sensitive spectrophotometric methods have
been developed and validated for determination of cefadroxil in presence
of its alkaline degradation product without preliminary separation. These
methods include area under the curve method (AUC), Q-Analysis method
(QA), ratio derivative method, Ratio difference method and M ean center-
ing method. These methods were validated and successfully applied to
the determination of Duricef® 500mg capsule. The obtained results were
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statistically compared with those of the reported method by applying t-
test and F-test at 95% confidence level and no significant difference was

observed regarding accuracy and precision.
© 2016 Trade Sciencelnc. - INDIA

INTRODUCTION

Cefadroxil (Figure 1) is (7R)-7-(a-D-4-
Hydroxyphenyl glycylamino)-3-methyl-3cephem 4-car-
boxylic acid monohydrate. it isindicated for thetreat-
ment of patientswith infection caused by susceptible
grainsof thedesignated organismsinthefollowing dis-
eases. Urinary tract infections, Skin and skin structure
infections, Pharyngitisand/or tonsillitis3. Awidevari-
ety of analytical methods have been reported for the
determination of cefadroxil isn pureform, in pharma
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Figurel: Chemical structureof cefadr oxil

ceutical preparationsandin biological fluids. These
methods mai nly involve spectrophotometry9, fluorim-
etry!1013 " electrochemically*4, HPTLC5 and
(HPLC)120,

MATERIALSAND METHODS

Apparatus

1. Shimadzu UV-Vis. 1650 Spectrophotometer
(Japan).

2. Hotplate(Torrey pinesScientific, USA).

3. Jenway, 3510 pH meter (Jenway, USA).

4. Rotatory evaporator (scilogex, USA)

Materialsand reagents

1. Cefadroxil powder waskindly supplied by Glaxo
Smith Kline Egypt. Haram Giza, Egypt. (B.
NO.B339313).
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2. Duricef® 500mg capsule. The product of Glaxo
Smith Kline Egypt. Haram Giza, Egypt. (B.
NO.N104546). which |abel ed to contain 500 mg
Cefadroxil per capsule.

3. Hydrochloricacid, Sodium hydroxideand Methanol
(El-Nasr Co., Egypt).

4. Didilledwater

Sandard solutions

A stock solution of cefadroxil (100 pg ml™) was
prepared by dissolving 10 mg of cefadroxil in50 ml of
distilled water and completeto 100 ml with distilled
water and wasfurther diluted with distilled water as

appropriate.
Degraded sample”

Alkaline-induced forced degradation was
performed by adding 100 mg of cefadroxil to 100 ml of
1 N sodium hydroxideand leaving for thirty minutesat
roomtemperature. Thesolutionwasthen neutrdizedto
pH 7 by addition of 1 N hydrochloric acid solution,
evaporated to dryness, theres duewasextracted three
timeswith 25ml methandl, filteredinto 100ml volumetric
flask then thevolume was adjusted to themark by the
same solvent. The obtained solution was claimed to
contain (L mgml?).

GENERAL PROCEDURES

Methods

e Areaunder thecurvemethod

Aliquotsfrom cefadroxil and itsdegradateworking
solutions (100 pg ml?) equivaent to (50-500ug ml™)
were accurately transferred into two separate sets of
10-mL volumetric flasks and compl eted to the mark
with distilled Water. Thezero order absorbance of each
set was scanned in the range of 200400 nm. Area
under thecurvefor thewavel ength ranges selected for
determination of cefadroxil and itsdegradateare 223
233 nm (A~ A,) and 265-275 nm (A,- A,), the
absorptivity “Y” values of each of the cefadroxil and its
degradate were determined at the selected wavelength
ranges. Theabsorptivity ‘Y’ values were determined
as,Y = areaunder curve of component (from 223 to
233nm or 265 to 275 nm)/concentration of the
component (in ug mlt). Mixed standard were prepared
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and their areaunder the curve were measured at the
selected wave ength ranges. Concentration of cefadroxil
in mixed standard sol ution were cal culated using the
corresponding equations.

e TheGraphical Absorption Ratio (Q-Analysis)
method

Aliquotsfrom cefadroxil and itsdegradateworking
solutions (100 ug ml™) equivad ent (50-500ug ml™) were
accurately transferred into two separate setsof 10-mL
volumetricflasksand completed tothemark with ditilled
Water. The zero order absorbance of each set was
scanned intherange of 200400 nm and stored in the
computer. Theabsorbancewere measured at 250 nm (A
max of cefadroxil) and 275.2 nm (iso-absorptive point).
the absorptivity valuesfor cefadroxil anditsakaline
degradate at the sel ected wavel engthswere ca cul ated.
Themethod employs Q va uesand the concentrations of
the studied drugin the prepared mixed solutionswere
determined by usngthefollowing equations
C, =l(Q,-Q)(Q,-Q)I xAJag,.

e Ratioderivativemethod

Aliquotsfrom cefadroxil and itsdegradateworking
solutions (100 ug ml™) equivaent (50-500pug ml™) were
accurately transferred into two separate setsof 10-mL
volumetricflasksand completedtothemark with ditilled
water. The spectraof the prepared standard solutions
are scanned from 200 - 400 nm and stored in the
computer. For the determination of cefadroxil in
presence of itsdegradation product, the stored spectra
of cefadroxil aredivided by the spectrum of 20 pg ml*
degradate, to obtain the ratio spectra, then The first
derivative of the obtained ratio spectrawas empl oyed.
The calibration curve was constructed relating the
amplitudes of the first derivative values to the
corresponding concentrationsin pg ml* of Cefadroxil
at 234 nm, theregression equation wasderived.

e Ratiodifference

Totheratio spectraobtained asinratio derivative,
Theamplitudedifferenceat 251 and 233nm (AP 251 -
233) waspl otted against the corresponding cefadroxil
concentrationin pg ml* andtheregression equationwas
computed.

e Mean centeringmethod

The ratio spectra obtained as before in ratio
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derivative method were mean centered using
MATLAB. The calibration curve was constructed
relating theamplitudes of the mean centered valuesto
the corresponding concentrationsof cefadroxil at 243
nm. theregress on equation wasderived.

Analysisof pharmaceutical preparation

five Duricef® 500mg capsule were accurately
weighed and findy powdered, then aquantity equivaent
to 10 mg of cefadroxil was shaken threetimeswith 25
ml methanol 10 minutes then filtered into 100 ml
volumetric flask and the volumewas adjusted to the
mark with distilled water to obtain aconcentration of
(100 pg ml™). The solution was analyzed using the
procedure described under previous methods.

RESULTSAND DISCUSSION

Spectral characteristics

Thezero order (D°) absorption spectraof cefadroxil
(50 ng ml), itsakainedegradation product (50 pg ml
1y and their mixture contai ning equal concentration of
them (25pg ml™ of each) wererecorded againgt ditilled
Water asblank over therangeof 200—400 nm. (Figure
2)

Areaunder thecurve method?4
The proposed areaunder the curve method hasthe

—— Full Paper

advantageof being Smpleand sdectivefor determination
of cefadroxil in presenceof itsakainedegradation with
minima sampleand datamanipulation. Selection of the
wave ength regionto construct AUC method hasagrest
effect on the analytical parameters such as slope,
intercept and correaion coefficient. Different wave ength
regionsweretested wherethewavel engthranges 223
233 nmand 265-275 nm were selected which showed
good selectivity and percentagerecovery (Figure 3).
Areaunder curve of the absorption spectrainthe
wavelengthranges 223-233 nm (A, A,) and 265-275
nm (A1) werecal cul ated for both cefadroxil and its
akalinedegradatein the concentration rangeof (5-50
ug mlt) Theabsorptivity <Y’ values of cefadroxil and
its alkaline degradate were calculated at each
wavelength range. The concentrationsof cefadroxil in
presnce of its alkaline degradate can be obtained by
applying Cramer’s rule and matrices in Egs. (1) and
2).
g\l)zo.sooo C,+0.238C_ —at223-233 nm (A~ 1,)
A,=0.164 C_ +0.115C_—at 265-275 nm ().~ 1)
where C , and C are the concentrations of cefadroxil
and itsalkaline degradationin g ml™?, respectively.
0.3000 and 0.164 are the absorptivity (Y value) of
cefadroxil at (A —A,) and (A~ 1), respectively. 0.238
and 0.115 are absorptivity (Y value) of cefadroxil
degradateat (A —1,) and (A, 1), respectively. A, and
A, aretheareaunder curve of samplesolutionsat the
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Figure2: Zero- Order Spectra of Intact cefadr oxil (50pg ml)(—), its alkalinedegradate (50 pg ml?) (.....) and Their

Mixture (25 pg ml*of each) (—-).

—— Fnalytical CHEMISTRY

Hn Tndéan g%wumé



268

Quantitative analysis of cefadroxil in presence of its degradation product

ACAIJ, 16(6) 2016

Full Paper =
2.00000 . :
1.50000 |- .
e
- 1.00000 |- §> —
o
s
0.50000 | % .
]
%
%ﬁ:
0.00000 - ' + L
200.000 250.000 300.000 350.000 400.000

450.000
nm.

Figure3: Zeroorder absor ption spectraof (50 ngml?) cefadr oxil showingwavelength rangesfor areaunder curvemethod

usingdistilled Water asa Blank.
wavelengthrangeat (A —1,) and (A,- 1)) respectively.

The graphical absorption ratio (Q-Analysis)
method?

Thismethod depends on the property that for the
substance that obeys Beer’s Lambert’s law at all
wavelengths, theratio of absorptivity (or absorbance)
vauesa any two wavel engthsare constant, independent
of the concentration or path length.

Thisratioisreferred as Q-ratio?d. Oneof thetwo
sel ected wavel engthsis an isoabsorptive point and the
other isthewavel ength of maximum absorption of the
drug. the overlain spectra of cefadroxil, itsakaline
degradate and their mixture,(Figure 2), show
isoabsorptivepointsat 275.2 nm. Theabsorbancevaues
at275.2nm () and 250 nm (» ) for cefadroxil and
itsakalinedegradatein therange of 5-50 ug ml*were
measured, absorptivity coefficientsweredetermined for
both and the average values were taken. The values
and the absorbance ratio were used to develop the
following equation from which the concentration of
cefadroxil inthe samplemixture can be ca cul ated:
C,=l(Q,-Q)(Q,-Q)I xA/a_
whereC isthe concentrationsof cefadroxil in ug ml™,;
Q,, istheabsorbance of sampleat A /absorbance of
sample at A Q, is the mean of absorptivity of

275.2
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cefadroxil a 2., /mean of absorptivity of cefadroxil at
Ao Q, 1S the mean of absorptivity of cefadroxil
degradate at 1., /mean of absorptivity of cefadroxil
degradateat i ,, A istheabsorbance of thesample
a,,.,anda_ isthemean of absorptivity of cefadroxil

at A,
Ratioderivativemethod!®!

Upon dividing the absorption spectrum of a
compound by a spectrum of the same compound, a
draght lineof congtant amplitude (pardld tothebasdine)
will result. However, upon dividing the absorption
spectrum of acompound (X) by theabsorption spectrum
of another compound (Y), a new spectrum (ratio
gpectrum) will result. Theamplitudeof thefirst or second
derivative of the ratio spectrum at a maximum or a
minimum isproportiona to concentration of X without
interferencefromY. Inthismethod, theabsorption spectra
of cefadroxil weredivided by the absorption spectrum
of the degradate (20 pg/ml) asadivisor to get theratio
Spectra, asshownin Figure (4). Theamplitudesof the
first derivative of the ratio spectra at 234 nm are
proportional to the concentrations of the drug without
interferencefromitsdegradate. asshownin Figure(5).

Ratio differenced®

Inthismethod, the absorption spectraof thedrug
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Figure4: Ratio Spectra of cefadroxil (5-50 pg ml'?) using (20 ng ml?) of cefadr oxil Degradate asa Divisor and distilled
Water asaBlank.
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Figure5: First Derivativeof Ratio Spectraof cefadroxil (5-50 pg ml-1) Using (20 ngml™) cefadr oxil Degradateasa Divisor
and distilled water asa Blank
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weredivided by asuitabl e absorption spectrum of the
degradate (divisor) to get theratio spectra. Different
concentrations of divisor (cefadroxil degradate) are
used (10,20,25,30 and40 pg ml?) and the divisor
concentration 20 ug ml™of cefadroxil degradateisfound
the best regarding average recovery percent. The
differencein peak amplitudes between two selected
wavelengthsintheratio spectraisproportiona to the

concentration of thecefadroxil without interferencefrom
its degradate (Figure 4). The method comprisestwo
critical steps, thefirstisthechoiceof thedivisor. The
selected divisor should compromi se between minimal
noiseand maximum sengtivity. The second critical step
isthe choiceof thewave engthsat which measurements
are recorded. Any two wavelengths can be chosen
provided that they exhibit different amplitudesinthe
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Figure6: Mean Centered Ratio Spectraof cefadr oxil (5-50 pg ml™*) Using ( 20 pg ml*)of its Degradate asa Divisor and

distilled Water asa Blank

TABLE 1: Spectral datafor deter mination of thestudied drug by the proposed methods

Parameters AUC Qanalyss Ratioderivative  Ratiodifference  Mean centering

223-233

Wavelength (nm) 250&275.2 234 251&233 243
265-275

Linearity range (ugml™) 5-50 5-50 5-50 5-50 5-50

LOD (ugml™) 0.720 0.406 0.256 0.355 0.259

LOQ (ugml™) 2.184 1.230 0.778 1.078 0.784

Regression equation’

Slope (b) 0.1463 0.0115 0.0034 0.0205 0.068

Intercept (@) 0.2697 0.0245 0.0045 0.0368 0.0897

Correlation coefficient (r?) 0.9999 0.9998 0.9997 0.9999 0.9998

* y= bx + awherey isthe response and x is the concentration

Falytical CHEMISTRY o
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TABLE 2: Intra-day and inter-day accuracy and precision for thedeter mination of thecefadroxil by the proposed methods

Intra-day Inter-day
Conc.
M ethod Found Accuracy  Precision Found Accuracy  Precision
pg.mi™
Conc. + SD (R%) (RSD%) Conc. + SD (R%) (RSD%)

15 15.08+0.007 100.55 0.045 15.17+0.079 101.11 0.518

25 25.09+0.236 100.36 0.943 25.13+0.197 100.52 0.783
AUC

35 35.35+0.044 101.01 0126 35.514+0.134 101.46 0.378

15 15.02+0.181 100.19 1.204 15.00+0.080 100 0.579

25 24.82+0.173 99.30 0.700 24.85+0.050 99.42 0.201
QA

35 35.28+0.351 101.82 0.995 35.28+0.181 100.82 0.512

25 24.85+ 0.294 99.41 1.183 25.14+0.29 100.58 1.169

35 34.85+ 0.294 99.57 0.843 35.34+£0.16 100.98 0.480
Ratio derivative

45 45.04+ 0.612 100.10 1.359 45,04+ 0.74 100.10 1.643

15 14.92+ 0.122 99.46 0.822 15.01+ 0.028 100.11 0.187

25 24.83+ 0.341 99.35 1.374 2498+ 0.212 99.94 0.851
Ratio difference

35 35.11+ 0.43 100.32 1.252 35.24+ 0.149 100.70 0. 422

25 24.91+ 0.233 99.66 0.938 25.18+ 0.352 100.72 1.401

35 34.76+ 0.324 99.33 0.933 35.35+ 0.331 101.00 0.938
Mean centering

45 44.76+ 0.200 99.47 0.447 44.97+0.389 99.93 0.865

ratio spectrum and good linearity is present at each
wavelengthindividualy. The s ected wavel engthsare
25land 233 nm (AP, .. ) Which gave the best
results.

M ean centering method®

Thismethod depend on thefact that mean centering
of constant equal zero.

If the spectrum of amixture of two compounds X
andY isdivided by astandard spectrum of Y asadivisor
(Y”), aratio spectrum will result and therefore:
P=AX/AY’+AY /AY’ )
Where, Pistheamplitude of the mixturein theratio

spectrum. AX,AY andAY’ are the absorbance values
of X,Y anddivisor (Y”), respectively. Mean centering

of equation (1) will leedto:
MC (P)=MC (AX/AY’)+MC (AY /AY’) @)
Since AY /AY’ is a constant value, so its mean
centeringisequd to zero and therefore:
MC (P)=MC (AX /AY”) ©)
From thisequation we notethat the mean centering
value will related to the X component only. so for
determination of cefadroxil in a mixture with its
degradation product the mixture was divided by a
suitable absorption spectrum of the degradate (divisor)
to get the ratio spectra (Figure 4) then the obtained
ratio spectrawere mean centered usng MATLAB and
the concentration of cefadroxil was determined by
measuring theamplitude at 243 nm (Figure6).
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TABLE 3: Determination of cefadroxil in presenceof itsalkalinedegradatein their laboratory mixturesby the proposed

methods
Intact Degradate Intact found
Method Per cent of degradate Recovery % of intact
in(ugml™  In(ug ml?) in(uml™
45 5 10 % 44.82 99.61
35 15 30 % 34.64 98.99
AUC 25 25 50 % 24.77 99.10
10 40 80 % 9.88 98.86
Mean = SD% 99.14+0.33
45 5 10 4478 99.51
35 15 30 34.84 99.55
25 25 50 25.15 100.61
QA

15 35 70 15.29 101.98

Mean + SD% 100.41+1.157
45 5 10 45.14 100.32
35 15 30 35.14 100.42
Ratio derivative 25 25 50 25.44 101.76
15 35 70 15.14 100.98

Mean + SD% 100.87+0.655
45 5 10% 45.03 100.07
35 15 30 % 34.88 99.67
Ratio difference 25 25 50 % 25.13 100.52
10 40 80 % 10.05 100.58

Mean + SD% 100.21+0.423
45 5 10 45.73 101.62
35 15 30 34.68 99.09
Mean centering 25 25 50 24.59 98.39
15 40 70 14.99 99.99

Mean + SD% 99.77+1.399
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VALIDATION OFTHEMETHODS

Linearity andrang
e Areaunder thecurvemethod

Under the described experimental conditions, the
calibration graph for the method was constructed by
plotting area under curve versus concentration of
cefadroxil in ug ml. Theregression plot wasfound to
be linear over the range of 5-50 ug ml?. The linear
regression equationfor thegraphis:

P, .= 0.1463C +0.2555 ............ (r?=0.9999)

Where P, . is area under curve at the selected

wavel ength, Cisthe concentration of cefadroxil inpg

ml-* and r?isthe correlation coefficient, asshownin

TABLE 1.

e Thegraphical absorption ratio (Q-Analysis)
method

Linear correlation was obtained between the
absorbance at 275.2 nm, versus concentration of
cefadroxil in pg ml™ Good linearity isobtained inthe
concentration range of 5 - 50 pg mlt. The linear
regression equationfor thegraphis:

A=0.0115C + 0.0245................ (r?=0.9998)

WhereA isthe bsorbance at the sel ected wavel ength,
Cistheconcentration of cefadroxil inugmitandr?=
the correlation coefficient asshownin TABLE 1.

e Ratioderivativemethod

Linear correlation was obtained between the
absorbancevauesat 234 nm, againgt the corresponding
concentration of cefadroxil Good linearity isobtained
in the concentration range of (5 - 50 ug ml?). The
corresponding regression equation was computed to
be:

A=0.0034C-0.0045......cccuuveee. (r*=0.9997)

WhereA istheabsorbance at the sel ected wavelength,
Cisthe concentration of cefadroxil inugmltandr?=
the correlation coefficient asshownin TABLE 1.

e Ratiodifferencemethod

Linear correlation was obtained between the
differencesin amplitudesat 251 and 233 nm, agai nst
the corresponding concentration of cefadroxil Good
linearity isobtained inthe concentrationrange of 5- 50

—— Full Paper
ug ml?. The corresponding regression equation was
computed to be:

AP, ,..=0.0205C + 0.0368............ (r2=0.9999)

Where AP isthe amplitude difference at the sel ected
wavel engths (251 & 233), Cistheconcentrationin pg
ml-* and r? isthe correlation coefficient asshownin
TABLE 1.

e Mean centeringmethod

Linear correl ation was obtai ned between the mean
centered valuesat 243 nm, against the corresponding
concentration of cefadroxil. Good linearity isobtained
in the concentration range of (5 - 50 ug ml?). The
corresponding regression equation was computed to

be:
MCN ,,, = 0.068 C + 0.0897...c.vvrerercmereene (r?=0.9998)

WhereMCN isthepesk amplitude of themean centered
ratio spectrum curveat 243 nm, Cisthe concentration
of cefadroxil in ug ml* and r? is the correlation
coefficient, asshownin TABLE 1.

Limitsof detection and quantitation

The limit of detection (LOD) and the limit of
quantitation (LOQ) werecal culated according to ICH
guiddines? fromthefollowing equations:
LOD=3.3S,/slope
LOQ=10S,/slope
Where S, isthe standard deviation of y-intercepts of
regressonlines,

LOD and LOQ vauesof cefadroxil for eachmethod
werelistedin TABLE 1.

Accuracy and precision

AccordingtothelCH guiddines®, threereplicate
determinationsof threedifferent concentrationsof the
studied drugsin pureformwithintheir linearity ranges
wereperformed inthesameday (intra-day) and inthree
success ve days (inter-day) for each method. Accuracy
asrecovery percent (R%) and precision as percentage
rel ativestandard deviation (RSD%) werecdculated and
resultsarelistedin TABLE 2.

Specificity
The specificity of the proposed methods were

assured by applying thelaboratory prepared mixtures
of the studied drug and itsdegradate. Theresultsare

—— Fnalytical CHEMISTRY
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TABLE 4: Deter mination of Cefadroxil in Duricef ® 500 M g capsuleby the proposed and repor ted methods

AUC QA derRisgtci) ve diff‘e(:‘rI ; ce cewtirainng E?e?r?;:ﬁ%
N* 5 5 5 5 5 5
X~ 99.65 100.45 98.99 100.22 99.88 99.83
SD 1.502 0.861 1.326 1.162 0.783 1.490
RSD% 1.507 0.857 1.340 1.160 0.784 1.493
ik (gégég) (g:jggg) 0.9386 (2.3060)  0.4630 (2.3060) (2:247128) -
P 1.0162 (6.388) 2.991(6.388) 1.2622(6.388) 1.6434(6.388)  3.616 (6.388) e

* No. of experimental.; ** The values in the parenthesis are tabulated values of t and F at (p= 0.05)

lisedinTABLE 3.
Phar maceutical applications

The proposed methods were applied to the
determination of the studied drug in (Duricef® 500)
capsule Theresultswerevalidated by comparisonto a
previoudy reported method™. No significant differences
were found by applying t-test and F-test at 95%
confidence level® indicating good accuracy and
precision of the proposed methodsfor the analysis of
the studied drugsin their pharmaceutical dosageform
(TABLES).

CONCLUSION

The proposed methodsaresmple, rapid, accurate
and precise and can be used for the determination of
Cefadroxil in pureformand in pharmaceutical dosage
formaswell asin presence of itsdegradation product.
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