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ABSTRACT

Four sensitive and precise spectrophotometric methods were devel oped
and validated for the simultaneous determination of metronidazole (MTR)
and diiodohydroxyquinoline (DIQ) intheir mixture and in their pharmaceu-
tical formulations. Among the methods adopted were, second-derivative
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(®D), third-derivative (D), derivative ratio spectroscopy (:DD) and
isosbestic point technique. The selectivity of the proposed methods was
checked using laboratory prepared mixtures. The proposed methods were
simple, not expensive and applicable that make them suitablefor the analy-
sisof MTR and DIQ intheir mixture and in pharmaceutical formulationsfor

routine unknown analysisin quality control labs.
© 2013 Trade Sciencelnc. - INDIA

INTRODUCTION

Metronidazole (M TR), is2-(2-methyl-5-nitro-1H-
imidazol-1-yl) ethanol (Figure 1) It isused asanti-
bacteria and antiamaebiasis. Diiodohydroxyquinoline
(DIQ), 5, 7 -diiodoquinolin-8-ol (Figure2). Itiswiddy
known by the trade name Diodoquin, isaquinoline
derivative which can be used in thetreatment of amoe-
biasg?.

Theliteraturesurvey reved sseverd andyticd meth-
odsfor quantitative estimation of MTR in body fluids
and in pharmaceutical formul ationsthese methodsin-
cludeultaviol et spectrophotometry9, high performance
liquid chromatography (HPLC)®" and voltammetry!.
Quantitation of metronidazoleand spiramycinin human

plasma, sdivaand gingiva crevicular fluid by LC-MS/
MS9. Simultaneousmulti resi due determination of met-
ronidazole and spiramycininfish musclewasdone us-
ing HPLC with UV detection*®. Microsized graphite
sensorsfor potentiometric determination of metronida-
zoleand spiramycinwasdone*Y. DIQwas determined
in pharmaceutical formulationsusngHPLC*2, MTR
and DI1Q were determined by bivariate spectrophoto-
metric method!*¥.

Inmodernanalytical laboratory, thereisawaysa
need for smple, rapid and accurate methodsfor smul-
taneous determination of drug combinationsthat could
beused for routineanalysis. The present work aimed
todeve op smpleingrumenta methodsfor s multaneous
determination of MTR and DIQin combination.
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Figure1: Chemical structur e of metronidazole(MTR)
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Figure 2 : Chemical structure of Diiodohydroxyquine (DIQ)

EXPERIMENTAL

Instruments

A double beam UV-visible spectrophotometer
(Shimadzu, Japan) model UV-1601PC, with 1 cm
quartz cells, connected to an IBM-compatible com-
puter was used. The software was UV-PC personal
spectroscopy softwareversion 2.32. The spectra band
width was 2 nm with wavel ength-scanning speed of
2800 nmmin™.,

Materialsand reagents

Reference metronidazol e hydrochl oride powder
(MTR) and referencediiodohydroxyquine (DIQ) were
kindly donated by Al QahiraPharmaceuticasCo. The
potency was certified to contain 1002 ug mg! for MTR
and 1009 ug mg'™! for DIQ. Pharmaceutica dosageform
(Paramibe compound, 500 mg tabletswerekindly sup-
plied by Chemical Industries Devel opment (CID) and
were claimed to contain 250 mg of MTR and 250 mg
of DIQ per each tablet. M ethanol was spectroscopic
grade.

Sandard solutions
Stock standard solutionsof MTR (1 mg mL*) and
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DIQ (1 mg mL%) in methanol were prepared for the
proposed spectrophotometric methods. All solutions
werefreshly prepared ontheday of analysis.

Procedures
Direct spectr ophotometric method

Spectral characteristicsof MTR and DIQ

Two aliquots (1 mL) of eechMTR and DIQ were
separately transferred into two 100 mL volumetric
flasks. Each flask wascompl eted to volumewith metha-
nol to obtainfinal concentration of 10ug mL*of MTR
and 10 ug mL* of DIQ. Thespectrum of each solution
was scanned and recorded separately.

Linearity

Portionsof MTR standard solution and of DIQ stan-
dard solution each was separately transferred to ase-
riesof 10mL volumetric flasks. Each flask wascom-
pleted to the volumewith methanol to reach the con-
centration range of 2-24 g mLand 1-12ug mL*, re-
spectively. The absorbance was measured at 311 nm
and 254 nm. Cdlibration graphswere constructed by
plotting the absorbance versus concentrations. There-
gression equationswere then computed for MTR and
DIQ at the specified wavelengths.
Second-derivative (D) method
Linearity

Standard serid concentrationsintherangeof 2-24
pg mLt of MTR and of 1-12ug mL* of DIQ were
prepared asdescribed under section 2.4.1.2. Theam-
plitudes of the second-derivative peaksof MTR were
measured at 311 nm and theamplitudes of the second-
derivative peaksof DIQ weremeasured at, 255.3 nm,
238.5 nmwith A= 8 nm and scaling factor =100.

Cdlibration graphswereconstructed by plotting the
peak amplitudesversusconcentrations. Theregression
equationswerethen computed for MTR and DIQ at
thespecified wave engths.

Third -derivative (3D) method
Linearity

Standard serid concentrationsintherangeof 1-12
png mL* of DIQ were prepared as described under

section 2.4.1.2. Theamplitudes of thethird -derivetive
peaksof DIQwere measured at 260 nmand 267.6 nm
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with A= 8 nm and scaling factor =1000.

Cdlibration graphswereconstructed by plotting the
peak amplitudesversusconcentrations. Theregression
eguations were then computed DIQ at the specified
waveengths.

First-derivativeof ratio spectra (:DD) method
Linearity

Standard serid concentrationsin therange of 2-24
ugmL*for MTRand 1-12 ug mL* for DIQ werepre-
pared asunder section 2.4.1.2. and accurately 5 pug mL
1 of DIQ standard solution to be used as adivisor for
MTRand 12 pg mL*of MTRto beused asadivisor for
DIQ. Thespectraof the prepared sandard solutionswere
scanned (200-400 nm) and stored into the PC.

Thestored spectraof MTR weredivided (theam-
plitude of each wavelength) by the spectrum of 5 ug
mL* of DIQ. Thefirst-derivative of theratio spectra
(*DD) with A=4 nm and scaling factor of 10 wasob-
tained. Theamplitude of thefirst-derivative peaks of
MTR were measured at 286nm and 328.5 nm.

The stored spectraof DIQ weredivided (theam-
plitude of each wavel ength) by the spectrum of 12ug
mL* of MTR. Thefirst-derivative of theratio spectra
(*DD) with A=4 nm and scaling factor of 10 was ob-
tained. Theamplitude of thefirst-derivative peaks of
DIQ were measured at 250 nm and 260.7 nm

Cdlibration graphswere constructed relating the
peak amplitudes of (*DD) to the corresponding con-
centrations. Theregress on equati onswere then com-
puted for MTR and DIQ at the two specified wave-
lengths.
| sosbestic point

Inthismethod DIQ isdetermined by derivativera
tiotechniqueat 260.7 nm where M TR don’t interfere
whiletotal ismeasured at theisosbestic point at 280
nm then concentration of MTR isdetermined by sub-
traction.

Analysisof laboratory prepared mixtures

Laboratory prepared mixturescontaining different
ratiosof MTR and DIQ were anayzed using the sug-
gested methods, diquotsof MTR and DIQ weremixed
to preparedifferent mixtures and the procedureswere
followed as mentioned under each method, the con-
centrationsfrom the corresponding regression equa-

—= Fyll Paper
tionswere calculated.

Assay of phar maceutical formulations(Paramibe
compound, 500mgtablets)

Twenty tabletswerewe ghed from thedosageform
and the average weight was cal cul ated, tabletswere
crushed to furnish ahomogenous powder and certain
amount of powdered tabletswere dissolved in metha
nol for 15 minutesand filtered. The solutionsweredi-
|uted to the same concentration of the appropriatework-
ing solutionsthen the procedureswerefollowed asde-
scribed under each method.

RESULTSAND DISCUSSION

Dir ect spectr ophotometric method

TheUV spectraof MTR and DIQallow direct de-
termination of MTR at 311 nmwithinterferencefrom
DIQ which can bedetermined directly at 254 nm (Fig-
ure3). A linear relationship wasobtained intherange
of 2-24ug mL* for MTR. The corresponding regres-
sion equation was computed and found to be: A =0.05
C-0.01(r=0.9997), at 311 nm Where, A isthe absor-
bance of MTR at 311 nm, C isthe concentration of
MTR (ug mL*) andr isthe correl ation coefficient. A
linear relationship wasobtainedintherangeof 1-12 ug
mL-*for DIQ. The corresponding regression equation
was computed and foundto be: A =0.2013 C - 0.042
(r=0.9998), at 254 nm Where, A isthe absorbance of
DIQat 254 nm, Cisthe concentration of DIQ (ug mL®
h andristhecorrelation coefficient.

Second-derivative (?°D) method

The second-derivative (?D) ultraviol et spectropho-
tometry wasapplied for thedeterminationof MTR and
DIQ, ether inraw materid or in pharmaceutica formu-
letions.

Theabsorption spectraof MTR and DIQ showed
overlapping, interferenceand error probability affect
the use of direct spectrophotometry and first-deriva-
tivemethod (*D)for determination MTR and DIQin
presence of each other. When the second derivative
spectrawere examined (Figure4), it wasfound that
MTR could bedetermined at 311nm where DIQ has
no contribution (zero crossing) a 311nmtheclear zero
crossingof DIQdlowed accuratedeterminationof MTR

— a%a['yttaa[’ CHEMISTRY
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in presence of any level of DIQ. A linear relationship
was obtained in therange of 2-24 ug mL* for MTR.
The corresponding regress on equetionswere computed
and found to be:

?D =0.012C +0.0007 (r=0.9999), at 311 nm

Where?D isthe peak amplitude of the second-deriva-
tive curveat the corresponding wavelengths, Cisthe
concentration of MTR (ug mL?) andr isthe correla-
tion coefficient.

The mean percentage recovery was found to be

2.000

0.021

220.00 25000

Figure3:DIQ 8 ug mL™(

absor banceat 311 nm and mixturecontaining 4 pg mL(.......

100.347 at 311 nm.

When the second derivative spectrafor DIQwere
examined (Figure4), it wasfound that DIQ could be
determined at 255.3nm and 238.5nm, whereM TR has
no contribution, theclear zero contributionof MTR a-
lowed accurate determination of DIQ in presence of
any level of MTR. A linear relaionshipwasobtainedin
therangeof 1-12 ug mL for DIQ. Thecorresponding
regression equationswere computed and found to be:
2D =0.0973 C - 0.0229 (r=1), at 238.5nm
2D =0.3023C -0.0911 (r=0.9998), at 255.3 nm
Where?D isthe peak amplitude of the second-deriva-
tive curve at the corresponding wavelengths, Cisthe
concentration of DIQ (ug mLY) andristhecorrelation
coefficient.

Themean percentage recoverieswerefound to be
100.053 at 238.5 nm, 99.929 at 255.3 nm.

Third-derivative (*D) method

Thethird derivative (3D) ultraviol et spectrophotom-
etry wasgpplied for thedetermination of DIQ, eitherin
raw materia or in pharmaceutica formulations.

When the third derivative spectrafor DIQ were
examined (Figure5), it wasfound that DIQ could be
determined at 260nm, 267.6nm, whereM TR hasno

Hnalytical CHEMISTRY o
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) showing maximum absorbance at 254 nm and MTR 8ug mL* (——) showing maximum
..... ) of each showing isosbestic point

contribution (zero crossing), the clear zero contribution
of MTR alowed accurate determination of DIQin pres-
enceof any level of MTR. A linear relationship was
obtained in therange of 1-12 ug mL for DIQ. The
corresponding regression equationswere computed and
found to be:

3D = 0.8405 C - 0.2326 (r=0.9998), at 260 nm

3D =0.1932 C + 0.1467 (r=0.9998), at 267.6 nm

Where®D isthe peak amplitude of thethird-derivative
curve a the corresponding wavel engths, Cisthe con-
centration of DIQ (ug mL?) and r isthe correlation
coefficient.

The mean percentage recoverieswerefound to be
99.978 at 260nm and 100.041 at 267.6 nm.

Derivativeratio spectr ophotometric method

Derivativeratio spectrophotometric method was
used to determineM TR in presenceof DIQ. The zero-
order of the derivativeratio spectraof MTR and the
first-order of the derivativeratio spectrawere presented
inFigure6 & Figure7, respectively. Theconcentration
of thedivisor was studied. It wasfound that upon di-
viding by 5 pg mL* of DIQ product led to the best
resultsintermsof sengitivity, repeatability and signd to
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Figure4: Second derivativeof DIQ 12 pg mL™* (------ )and of MTR 12 ug mL* (——) whereM TR could bedeter mined at 311
nmwhen DIQ hasno contribution, DIQ could bedeter mined at 255 .3 nm, 238.5 nm, where M TR hasno contribution
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Figure5: Third derivativeof DI Q12 pg mL-1 (-----) and of MTR 12 pg mL-1(——) where DIQ could be determined at 260

nm and 267.6 nm when M TR hasno contribution
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noiseratio. Linear cdibration graphswere obtained for
MTR in concentration range of 2-24 ug mL* by re-
cording the peak amplitude at 286nm and 328.5nm
using 5ug mL* of DIQ as adivisor. The regression
equationswere computed and found to be:

(*DD) = 0.3036 C - 0.0944 (r=0.9998), at 286 nm

(*DD) =0.1769 C+ 0.0173 (r=0.9999), at 328.5nm
Where'DD, isthe peak amplitude of thefirst-deriva-
tivecurvefor (MTR/DIQ), Cisthe concentration of
MTR (ug mL*) andristhecorrelation coefficient. The
precision of the proposed method was checked by the
andydsof different concentrationsof authentic samples

1G.000

Themean percentage recoverieswerefound to be
99.878 at 286 nm and 99.974 at 328.5 nm

Derivativeratio spectrophotometric method was
used to determineDIQ in presenceof MTR. The zero-
order of thederivativeratio spectracof DIQand thefirgt-
order of the derivativeratio spectrawere presentedin
Figure8 & Figure9, respectively. The concentration of
thedivisor wasstudied, it wasfound that upon dividing
by 12ug mL* of MTR product led to the best resultsin
termsof sengtivity, repeatability and Sgnd tonoiserdtio.
Linear calibration graphswereobtained for DIQin con-
centration range of 1-12ug mL* by recording the peak

15.000

10 000
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F oS00

S o0
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=TT =
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Figure7: First derivativeof ratio spectraM TR (2-24) pg mL*using 5ug mL* DI Q asdivisor
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amplitudeat 250nmand 260.7 using 12ug mL* of MTR
asadivisor. Theregression equationswere computed
and found to be:

(‘DD) = 12.9746 C —3.0204 (r=0.9999), at 250 nm
(‘DD)=18.3730 C —8.3705 (r=0.9999), at 260.7 nm
Where 'DDisthe peak amplitude of the first-de-
rivative curvefor (DIQ/MTR), Cisthe concentra-
tion of DIQ (ug mL?*) and r isthe correl ation coef-
ficient. The precision of the proposed method was
checked by theanalysis of different concentrations
of authentic samples.

21 000

—== Fyl] Peper

The mean percentage recoverieswerefound to
be 99.949 at 250 nm and 99.998 at 260.7 nm.

| sosbestic point

Inthismethod DIQ isdetermined by derivativera-
tiotechniqueat 260.7 nmwhere MTR dont interfere
whiletotal ismeasured at theisosbestic point at 280
nm then concentration of MTR isdetermined by sub-
traction. Toensurethevalidity of the chosen isosbestic
point Figure 3 showstheisosbesticpointof MTR, DIQ
and their mixturein which each sampleeither singleor
inmixturecontains8 ug/mL.

=0 OO

Lo e

s,

o oo0

-S .3 1

220 .00 2350 .00

=50 00 =52 .03

Figure8: Division of DIQ (1-12) pg mL*using 12 ugmL "t of MTR asdivisor
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Figure9: First derivativeof ratio spectraDIQ (1-12) ng mL? using 12 pg mL*M TR asdivisor
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The suggested methodswere successfully applied
for thedeterminationof MTR and DIQintheir |abora

TABLE la: Assay parametersand validation sheet for de-
termination of metronidazole (M TR) and diiodohydr oxy-
guine (DI Q) by second derivative and | sosbestic point tech-
niques

Parameter 2D-method p(;isr(\)tSlr)neestt;\i)d
MTR at DIQ at MTR at
Range 311 nm 238.5nm 255.3nm 280 nm
2-24 1-12 1-12 1-12
pgmL? pgmL® pgmL’  pgmL?
Slope 0.012 0.097 0.302 0.02
Intercept 0 -0.022 -0.091 -0.007
Mean 100.347 100.053  99.929 100.433
+S.D. 0.847 0.463 0.939 0.603
Variance 0.717 0.214 0.882 0.364
Coefficient of variation 0.844 0.463 0.939 0.600
Correlation coefficient (r) 0.9999 1 0.9998 0.9998
R.S.D. (%) 0.844 0.463 0.939 0.600

tory prepared mixtureswith good precision asshown
in TABLE 3 & 4. The proposed methods were also
used for estimating the concentration of both drugsin

TABLE 1b : Assay parameters and validation sheet for
determination of metronidazole (MTR) and
diiodohydroxyquine (DIQ) by third derivative and first
derivativeof ratio spectratechniques

Parameter 3D-method 1DD-order method
DIQ at MTR DIQat
Range 260 nm 267.6nm 286 nm 3285nm 250 nm 260.7 nm
1-12 112 224 224 112 112

peml? pgmL? pgml™ pgmi™ pgmL™* pgmL™

Slope 0.841 0193 0304 0158 12975 18.373
Intercept 0233 0.147 -0094 0.017 -3.020 -8.371
Mean 99.978 100.041 99.878 99.974 99.949 99.998
+S.D. 0995 0701 0821 0433 058 0.641
Variance 0990 0491 0674 0187 0343 0.411
S:rieg:ginmt of 0995 0701 0822 0433 0586 0.641
gﬁgﬁ?&?{'a) 0.9998 0.9998 0.9998 0.9999 0.9999 0.9999
RSD.(%) 0995 0701 0.822 0433 058 0.641

TABLE 2a: Satigtical comparison for theresultsobtained by the proposed methodsand the official method for analysisof

MTR and official method for analysisof DIQ

2D-method Isosbestic point  official method official method
Parameters MTR DIQ MTR
MTR DIQ
311 nm 238.5nm 255.3nm 280 nm

Mean 100.347 100.053 99.929 100.433 100.07 100.18
+S.D 0.845 0.463 0.939 0.603 0.507 0.641
Variance 0.714 0.214 0.882 0.364 0.257 0.411

N 12 12 12 8 6 6

F-test 278 (4.74Ha 192(4.74Ha  215(4.74)a 1.42 (4.88)a

Studentst-test  0.866 (2.120)a 0.432 (2.120)a 0.667 (2.120)a 1.22(2.179)a

a The values in the parenthesis are corresponding theoretical t- and F-values at P = 0.051¢

TABLE 2b : Satistical comparison for theresultsobtained by the proposed methodsand theofficial method for analysisof
MTR and official method for analysisof DIQ

official official

*D-method 1DD-method method method
Parameters DIQ MTR DIQ
MTR DIQ
260 nm 267.6 nm 286 nm 328.5nm 250 nm 260.7 nm
Mean 99.978 100.041 99.878 99.974 99.949 99.998 100.07 100.18
+S.D 0.995 0.701 0.821 0.433 0.586 0.641 0507 0.641
Variance 0.990 0.491 0.674 0.187 0.343 0.411 0257 0411
N 12 12 12 12 12 12 6 6
F-test 241 (474a 119 (4.74a 2.62(474a 1.37(474a 1.198(4.74)a 1(4.74)a

Student's t-test 0.519 (2.120)a 0.420 (2.120)a 0.609 (2.120)a 0.395 (2.120)a 0.741 (2.120)a 0.568 (2.120)a
a The values in the parenthesis are corresponding theoretical t- and F-values at P = 0.05¢
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ods

D-method
Method MTR DIQ
311 nm 238.5nm 255.3nm
(Mean + SD) 100.107+0.471 99.920+0.358 100.337+0.311
*D-method 'DD-order method
Method DIQ MTR DIQ
260 267.6 286 328.5 250 260.7
nm nm nm
(Mean+SD) 100.929+0.789  100.197+1.005 100.307+0.570  100.243+0.258  99.856+0.487  99.84+0.425
TABLE 4: Determination of metronidazole (M TR) in lab prepared mixturesby proposed isoshestic point method
Total MTR
MixtureratioDIQ: MTR Taken (ng mL-1) Found (ug mL-1) Taken (ng mL-1) Found (ug mL-1) R%
1.7 8 8.05 7 7.05 100.71
2.6 8 8.05 6 6.05 100.83
1:12 13 12.95 12 11.95 99.58
4.4 8 8.05 4 4.03 100.75
1:10 11 10.95 10 9.95 99.50
3.5 8 8.05 5 5.06 101.20
53 8 8.05 3 3.01 100.33
1.9 10 10.05 9 9.05 100.56
Mean 100.433
SD 0.603
TABLE5: Determination of M TR and DIQ in Par amibe compound tablet by proposed methods
’D-method
Method MTR DIQ
311 nm 238.5nm 255.3nm
(Mean = SD) 100.098 + 0.388 99.973+0.275 99.878+0.179
*D-method 'DD-order method
DIQ MTR DIQ
Method 260 267.6 286 3285 250 260.7
nm nm nm
(SI\I/ID)ean * 100.535+0.448 100.190+£0.563  99.753+0.394  99.66+0.415  99.535+0.450  100.253+0.510
their pharmaceutica formulations. Theresultsareshown CONCLUSION

inTABLE 5. Assay parameters and avalidation sheet
for determination of the studied drugs are shownin
TABLE 1. Statistical comparison for the results ob-
tained by the proposed methods and thereference ones
for thestudied drugsareshownin TABLE 2. Thecal-
culated t- and F-valueswerefound to belessthan the
tabul ated ones confirming good accuracy and excellent
precision.

Unlikethe mostly recommended HPL C procedure,
the proposed spectrophotometric methodsaresimple
and not expensive. Thereagentsused in the proposed
methods are cheap and available. The procedures ap-
plied in each method do not involve any critical reac-
tions or tedious sampl e preparations. This aspect of
spectrophotometric analysisisof mgor interestin ana-
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Iytical pharmacy sinceit offersdistinct possibility of as-
sayingthestudied drugsinthelr mixturesandintheir phar-
maceutica formulationwithout interferencefromtheex-
cipients. The suggested methods arefound to be accu-
rateand salectivewithno sgnificant differenceof thepre-
cison compared withthereferencemethodsof anayss.
The proposed methods could be applied successfully,
for routineandysisof MTRand DIQ singly, inther mix-
turesor intheir pharmaceutica formulaions
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