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ABSTRACT

KEYWORDS

Gemifloxacin mesylate (GEM), anovel fluoroquinolone used for respira-
tory tract infections, was determined by three simple, accurate and precise
spectrophotometric methods and a TLC densitometric method, in pres-
ence of itsacid degradation product. Method (A) wasfirst derivative tech-
nigue (*D) which allows the determination of GEM by measuring the peak
amplitudes at 280 and 360 nm where the acid degradation product displays
zero value. Method (B) was based on second derivative ratio technique
(®DD) inwhich the peak amplitude was measured at 289.3 nm using 10 ug
mL -1 of the acid degradation product as divisor. Method (C) depends on
the formation of a colored product between GEM and p-
dimethylaminobenzal dhyde (DAB) reagent and the absorbance was mea-
sured at 400 nm. Method (D) depends on separation of GEM fromitsacid
degradation product on TLC plates pre-sprayed with EDTA solution (3%
w/V), using chloroform:methanol :ammoniasolution (6:3:0.5, v/v/v) asde-
veloping system, followed by densitometric determination of GEM. The
proposed methods were successfully applied to the analysis of GEM in
pure and tablet forms, in addition to laboratory prepared mixtures (meth-
odsA, B and D). The methods were validated in accordance to |CH guide-
lines and compared with the reference method, revealing non significant
difference. © 2012 Trade Sciencelnc. - INDIA

Gemifloxacin mesylate;
First derivative;
Second derivative ratio;
p-dimethylaminobenzal dhyde;
TLC.

INTRODUCTION resstant S. pneumoniag, thereforeitisusedin thetreat-
ment of acute bacterial exacerbationsof chronic bron-

Gemifloxacin mesylate(GEM, Figure 1), isanove
fluoroquinolone antibacterid, assigned to third genera-
tion becauseof itsincreased activity against gram-posi-
tiveand atypical pathogens, aswell asgram-negative
organisms. It hasexcellent activity against multidrug-

chitisand community-acquired pneumonid®. Itischemi-
cally designated as (+)-7-[3-(aminomethyl)-4-
(methoxyimino)-1-pyrrolidinyl]-1-cyclopropyl-6-
fluoro-1,4-dihydro-4-oxo-1,8-naphthyridine-3-car-
boxylic acid methanesul fonate?.
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GEM wasdetermined in pharmaceutical formula
tionby different anaytical techniquesincluding UV spec-
trophotometrict®7, colorimetric® and spectro
fluorimetricl’®11 methods, either insingleformorin
combination with ambroxol*® were reported. In
addition, chromatographic methodsincluding capillary
electrophoresig®, HPTLC™, and HPL C2+32 were
also applied for the determination of GEM intablets
andinplasma

Derivativeand derivativeratio spectrophotometry
weresuitabletoolsfor resolving dosay overlgoping soec-
tra. Therefore, the devel opment of sensitivestability in-
di cating spectrophotometric methodsfor thedetermina
tion of GEM, without previousseparation fromtheacid
degradation product and of lower cost than thereported
HPLC methods, wereof interest. Theacid degradation
product wasisolated and itsstructurewas suggested. In
addition, theandytically useful functiond groupin GEM
includesfree primary amino group, which can be ex-
ploited for designing suitabl e spectrophotometric meth-
odsand so il offer ascopeto devel op morecolorimet-
ric methodswith better selectivity, precisionand accu-
racy. Theproposed colorimetric (DAB) methodisfree
frominterferenceof tablet excipientsasabsorbancemea:
surementsare performed at longer wavelength. More-
over, oneof theobjectiveof thiswork wastodevelopa
TLC densitometric method usingasimpledevel oping
system, composed of easily avail ableinexpensivelaoo-
ratory solvents. The proposed methods, D, ?DD spec-
trophotometric, colorimetric (DAB method) and TLC
densitometric methodswerefoundto besuperior tothe
previoudy reported methodsintermsof their higher sen-
gtivity, smplicity, accuracy and precision.

0

F COOH
’
0
H,N
Figurel: Chemical structureof gemifloxacin mesylate

EXPERIMENTAL

Chemicalsand reagents
Pharmaceutical grade GEM was supplied by El
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Obour Modern Pharmaceutical Industries Company
(Cairo, Egypt) and certified to contain 99.80 %. Factive®
tablets, Batch No. 002, contain GEM equivaent to 320
mg GEM base per onetabl et, were manufactured and
supplied by Hikma Pharma (6" October, Egypt). p-
Dimethylaminobenzal dehyde (DAB) was purchased
from Sigma-Aldrich Chemie GmbH (Steinheim, Ger-
many) and freshly prepared as 0.2 % w/v methanolic
solution. Methanol (HPLC grade, Labscan), chloro-
form, ammoniasol ution (33 %) and ethylenediamine
tetraacetic acid disodium salt (EDTA, 3% w/v aque-
oussolution) (EL-Nasr Pharmaceutical ChemicdsCo.,
Egypt) wereused. Hydrochloric acid (37 %, Reidel-
de-Haén, Germany) and sodium hydroxide (EL-Nasr
Pharmaceutical ChemicasCo., Egypt) were prepared
as 1 N agueous solutions. Whatman filter paper No.
42 wasused for the preparati on of sample solution.

Equipment

A double beam UV/visible spectrophotometer
(JENWAY, United Kingdom) mode 6800 with quartz
cell of 1 cm pathlength, connected to Samsung com-
patiblecomputer wasused. The softwarewas JENWAY
model 6800 Spectrophotometer Hight Deck. The spec-
tral band width was 1.5 nm with wavel ength scanning
speed of 400 nm min'. Thesourceof radiation utilized
was deuterium lamp emitting acontinuous UV spec-
trum between 190 and 400 nm. A Camag (Camag,
Muttenz, Switzerland) TLC instrumental set-up con-
gsting of samplegpplicator Linomat V, 100-uL syringe
(Hamilton, Switzerland) and TLC Scanner |11 oper-
ated by winCATS software (V 3.15, Camag, Switzer-
land) were used. Evaluation wasviapeak areaswith
linear regression. Precoated silicagel 60 F,, plate, 20
x 10 cm? (FHukaChemie, Buchs, Switzerland) with 200-
um thicknesswere pre-sprayed with EDTA solution (3
% wi/v) and left to dry overnight in dry place. A UV
lamp—short wavelength 254 nm was employed for
detection of spots. IR chartswere obtained using Burker
FT-IR spectrophotometer Vector 22, Schimadzu 435,
Perkin-Elmer 457 and Jasco FT-IR plus 460 Japan,
using potassium bromide discs. Mass spectra were
obtai ned using Hewlett Packard 5988 mass spectrom-
eter at 70 eV.

Prepar ation of theacid degradation product
An accurately weighed amount of GEM (75 mg)
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wasdissolvedin 50 mL 1 N HCI and the solution was
refluxed for 1 hour at 100°C. Compl ete degradation
wasfollowed up by diluting 0.2 ml of the solutionwith
methanol and spotting on aTLC plate (pre-sprayed
with EDTA solution (3% w/v) and well dried) nexttoa
spot of intact GEM and allowing the plateto develop
using chloroform:methanol:ammonia, (6:3:0.5, viviv) as
developing system. By examiningthe TLC plate, two
spotswere obtained, onefor theintact drug (R, =0.7)
and the other for its acid degradation product (R, =
0.4). Thesolution was cooled and neutralized using 1
N sodium hydroxide, evaporated to drynessand puri-
fied by dissolvingin hot methanol followed by filtration
and evaporationto dryness. The acid degradation prod-
uct wasidentified anditsstructurewase ucidated using
IR and mass spectroscopy.

Stock solutions

GEM stock solutions(1 mgmL-t) and (2.5 mgmL-
1) were prepared by dissolving an accurate weight el -
ther (200 mg) or (250 mg) in methanol then completing
thevolumeto 100 mL with the same solvent. Further
dilution was doneto obtain GEM working solutions
(50 ug mL?) for D and 2DD and (100 ug mL™?) for
DAB method. Acid degradation product solution (200
ug mLt) was prepared by weighing accurately 20 mg
of the acid degradation product into 2100 mL volu-
metricflask, dissolvingintheleast amount of distilled
water then completing to volumewith methanol .

L aboratory prepared mixtures

Accuratealiquotsintherangesequivaentto (40 -
180 pg) of GEM working solution (50 ng mL*) and
(360—20 ng) of'its acid degradation product solution
(200 ug mL™Y), weretransferred into aseriesof 10 mL
volumetric flasks, completed to volumewith methanol
and mixed well, in order to obtain different mixtures
containing 10— 90 % of the acid degradation product.
Whilein TLC densitometric method, | aboratory pre-
pared mixtureswere prepared using accurate diquots
equivalent to (60-180 pg) of GEM solution (250 pg
mL1) and (14020 pg) of'its acid degradation prod-
uct solution (200 pg mL™%).

Samplepreparation

Tentabletswereaccurately weighed and powdered
in amortar. Two quantities of the powdered tablets
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equivaent to 100 mg and 250 mg GEM weretrans-
ferred, separately, into two 100 mL volumetric flasks,
then 25 mL methanol were added. The solutionswere
stirred for 30 min, completed to 100 mL with metha-
nol, mixed well and filtered on dry funnel and dry filter
paper discarding thefirst few milliliters. Sample solu-
tionsof concentrationsequivalent to (1 mgmL™) and
(2.5 mg mL?) of GEM were obtained, for (D, 2DD
and DAB methods) and TL C densitometric method,
respectively. Further dilution of sample solutionwas
carried out usng methanol toreachthecdibrationrange
specified for each method.

M ethod validation

Themethodswerevalidated according to Interna
tiond Conference on Harmonisation (ICH) guideines™
for validation of andytical procedures.

(a) Linearity
(A)'D method

Aliquotsfrom GEM working solutions (50 ug mL-
1 equivaent to (25-225 ug) were transferred into a
seriesof 10 mL volumetric flasksand completedtothe
mark with methanol. Thefirst derivative spectrawere
recorded using methanol asblank, thenthe amplitudes
of themaximaat 280 and 360 nm (zero ordinate vaue
of theacid degradation product), using smoothing fac-
tor 10, were measured. Calibration curveswere con-
structed relating the amplitudes at the sel ected wave-
lengthsto the corresponding drug concentrationsand
theregression equationswere computed.

(B)2DD method

The absorption spectra of standard solutions of
GEM (2.5-27.5 ug mL?) were recorded against a
blank of methanol and stored inthecomputer. Thestored
spectraof GEM were divided by the stored spectrum
of the acid degradation product (10 ug mL?). Then,
the second derivative of the aboveratio spectrawere
obtained and smoothed at AA = 20. The peak ampli-
tudes of the second derivative of theratio spectraat
289.3 nm were measured, plotted against the corre-
sponding concentrationsof GEM and regression equa-
tion was computed.

(C) DAB method
Accurately measured dliquotsequivaent to (100
250 pg) were transferred from GEM working solution
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(100 pg mL™Y) into aseries of test tubes. Thealiquots
were evaporated to drynesson boiling water bath, 2.5
mL of DAB reagent (0.2 %, w/v) were added to the
obtained resduein each test tube and thereaction was
alowed to proceed for 10 min at 90 °C, replacing the
volume of evaporated methanol. The contents of the
test tubeswerequantitatively transferred after cooling
intoaseriesof 10mL volumetric flasksand thevolume
was compl eted with methanol. Theabsorbanceswere
measured at 400 nm against reagent blank prepared
similarly, plotted against the corresponding drug con-
centrations and regressi on equiati on was computed.

(D) TLC densitometric method

Accurately measured diquotsof 2.5-25 ul. of GEM
standard solutions (2.5 mg mL 1) weregppliedtoaTLC
plate, pre-sprayed with EDTA solution (3% w/v) and
dried, as band-wise, using Camag autosampler (band
length 2 mm, aconstant application rateof 0.1 uL s?,
track distance 15 mm, distancefrom theedge 15 mm).
The chromatographi c chamber was saturated (lined on
thetwo bigger sdeswithfilter paper) with thedevelop-
ing solvent for 45 min. Plateswere developed, by as-
cending devel opment technique, at room temperature
inchloroform:methanol:ammonia(6:3:0.5, v/v/v) asa
deve oping system. Thelength of chromatogramrunwas
8 cm and approximately 30 min. Subsequent to the
development, TLC plateswereremoved, dried and the
bandswerevisudized under UV lamp at 254 nm. Den-
sitometric scanning was performed on Camag TLC
scanner |11 in the absorption mode at 270 nm for all
measurements. Thedit dimensionwaskept at 6x 3um
and 20 mm s scanning speed was employed. Each
track was scanned thrice and baseline correction was
used. The peak areas (AUP x10?) were plotted against
the corresponding concentrationsto obtainthe caibra-
tion curve and regress on equiati on was computed.

(b) Accuracy

Recovery experiments were conducted to deter-
minethe accuracy of the proposed methods. Different
aliquotsfrom GEM working solutionswere anayzed
using the proposed methods as mentioned under lin-
earity. The concentrationswere cal culated using the
corresponding regression equationsthen, themeanre-
covery % and standard deviation (SD) were ca cul ated.
In order to check thevalidity of the suggested meth-
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ods, the standard addition technique was applied and
theaccuracy was determined by theaddition of known
amounts of GEM working standard solution to the
sample solution. The % recovery of the added GEM
was cal cul ated using theregression equations.

(c) Precision

Repeatability (intraday precision) wasevduated by
andyzing three concentrationsof GEM intriplicateon
the same day, using the suggested procedures. Inter-
mediate precision (interday precision) wasinvestigated
by repeeting theforementioned procedureintriplicate
onthreedifferent daysfor theanalysisof GEM. Rela-
tivestandard deviation (RSD) was cal cul ated.

(d) Specificity

The same procedures mentioned under linearity
were applied for theanalysis of |aboratory prepared
mixtures. The concentrationsof GEM were calculated
using the computed regression equations.

(e) Limit of detection and limit of quantification

The approach based on the SD of the response
and the d opewas used for determining thelimit of de-
tectionandlimit of quantification.

L OD = 3.3xSD/slope
LOQ = 10xSD/slope

RESULTSAND DISCUSSION

| dentification of theacid degradation product of
GEM

Theliteraturereved sthat GEM undergoesdegra:
dation under acidic and basic conditiong 6%, How-
ever, complete degradation and highyiel dwasobtained
by refluxing GEM with 1 N HCl for onehoursat 100°C.
After neutrdization and evaporation of thesolution, the
acid degradation product was obtained by extraction
and purification in hot methanol followed by evapora
tionto dryness. Theres due obtained wasidentified by
TLCwhereanew spot wasobtained at R, = 0.4, which
isdifferent fromthat of theintact drug (R, =0.7). IR
spectrum (K Br) of the acid degradation product, Fig-
ure 2a showed the disappearance of CO and OH car-
boxylic stretching bandsat 1712.79 and 3471.87 cnr
1, respectively, which were present inthe IR spectrum
of theintact GEM, Figure 2b. M oreover, mass spec-
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trumrevedled M* a 441 which isidentical to the mo-
lecular weight of the acid degradation product, Figure
2c. Theseresultsconfirm that acid degradation leadsto
decarboxylation.

M ethod optimization
(a)'D method

Zero—order absorption spectra of the intact GEM
and itsacid degradation product reved severeoverlap,
Figure 3. Upon applying D spectrophotometric method,
GEM could be determined by measuring the peak am-
plitudes of D spectrum at 280 and 360 nm (wherethe
acid degradation product displayszerovalue), Figure
4. In order to optimize the 'D method, different sol-
ventsweretried and different smoothing factorswere
tested. Methanol wasthe solvent of choice, smoothing
factor 44 = 4 showed a suitable signal-to-noiseratio
and the spectra showed good resolution. A linear cor-
rel ation was obtai ned between the peak amplitudes at
280 and 360 nm and the corresponding concentrations
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Figure3: Zero-order absor ption spectra of 10 pg mL* of
GEM (—) and 10 ng mL™* of itsacid degradation product
(----) in methanal.

of GEM intherangeof 2.5-22.5pgmL™.
(b)2DD method

Theinfluenceof divisor concentration and smooth-
ing factor wasinvestigated. A divisor concentration of
10 ug mL* gavethebest results, with respect to sensi-
tivity and repeatability. Dueto the extent of the noise
levelson theratio spectra, asmoothing function was
used and 20 experimental pointswasfoundto be suit-
able, intermsof signal-to-noiseratio and the spectra
showed good resol ution. For thedetermination of GEM,
the absorption spectraof GEM and that of itslabora-

tory mixturewith the acid degradation product were
divided by the spectrum of the acid degradation prod-
uct (10 ug mL1) to get theratio spectra, then the sec-
ond derivativeof theratio spectrawere obtained with
A4 =20, Figure 5. The?DD amplitudes at 289.3 nm
gavereproducibleresults. Linearity wasobtained over

280 nm
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Figure4: First derivative absor ption spectra of 10 pg mL-
1of GEM (—) and 10 ug mL* of itsacid degradation product
(-----) inmethanol.
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Figure5: Second derivativeof theratio spectrafor different
concentrationsof GEM (2.5, 5, 8, 15, 20, 22.5and 27.5 ug
mL ) using 10 pg mL*acid degradation product asdivisor.

the concentration range of 2.5-27.5 ng mL™.
(c) DAB method

GEM reactswith DAB to formacol ored conden-
sation product, Figure 6, which hasamaximum absor-
banceat 400 nm, Figure7. The optimum experimental
conditionsfor thecolor devel opment wereinvestigated
by varying the parameters one at atime, keeping the
othersfixed and observing the effect produced onthe
absorbance of the colored species.

(d) Effect of thevolume of DAB
Theability of DAB toform Schiff ’s bases with amines
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has been utilized for the spectrophotometric determina
tion of compounds such asranitiding®¥ and metronida-
zole®!. DAB (0.2 % w/v, inmethanal) isused as cou-
pling agent for thereaction. Theincreaseinthe absor-

0
E COOH

N\ /
N 2
a8
et
<o H,N

DAB GEM
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bance wastested by adding different volumes of the
reagent (1-3.5 mL). It was observed that 2.5 mL of
DAB showed maximum absorbancefor thereaction,
Figure8a

DAB — GEM condensation product

Figure6: Condensation reaction between GEM and DAB
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Figure7: Theabsor ption spectra of the GEM - DAB con-
densation product (—) and thecor responding reagent blank

(e) Effect of the presenceof theacid

The absorbance of the colored product decreases,
sgnificantly in presence of hydrochloricacid or sulfuric
acid. Therefore, thereaction was carried in absence of
any acid.

(f) Effect of temperatureand heatingtime

Thereactionwascarried out at different tempera-
tures, for different timeintervals. Maximum absorbance
was obtained by heating at 90°C for 10 min, Figure8b
and 8c, respectively.

(g) Effect of timeon the stability of theformed col-
ored product
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Figure8: Effect of reagent volume(a), temper atur e (b), heat-
ing time(c) on thereaction of GEM (25 pg mL*) with DAB
(0.2% wiv) and effect of timeon thegability of GEM - DAB
condensation product (d).
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Stahility of theformed product waschecked by ap-
plying thechasen optimum conditionsand measuring the
absorbancea different timeintervals. Thecol ored product
wasfound to be stablefor 30 minutes, Figure 8d.

(h) Soichiometry of thereaction

Job’s method of continuous variation/*® was used
to determinethe stoichiometric ratio at which GEM
combineswith DAB reagent, usng solutionsof 11.12 x
10*M concentration of each. The absorbances of the
solutionswere measured a 400 nmand plotted against
molefraction of GEM. Figure9reved sthat GEM and

12
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06 ]
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02 .

0o

0 D'1 D,'Z EIIE I]IA [II5 D‘B ﬂl7 DIB [IIQ 1
Figure9: Determination of the stoichiometry of thereaction
of GEM and DAB by the continuousvariation method using
11.12x 10* M solutions.

DAB form acondensation product inamolar ratio of

1:1, under theoptimum experimenta conditionsattained.
Upon gpplying theoptimum conditions, linear rela-

tionship was obtai ned over the concentration range of

10-25 pg mL* and the regression equation was com-

puted.

(i) TLC densitometric method

The composition of the devel oping system for de-
velopment of TLC chromatographic method was opti-
mi zed by testing different solvent mixturesof varying
polarity. Various devel oping systemswere eva uated.
Chloroform and methanol mixtureweretriedin differ-
ent ratios. Initidly, good separationwas obtained using
chloroform:methanol (6:3, v/v). However, tailing and
undefined spot was an encountered problem asit was
difficult to pinpoint and eva uate such spot quantitatively.
This problem was thought to be caused by the car-
boxylic group of GEM moleculewhich confershigh
interactivity to the organic molecule. Addition of am-
moniato the system decreased such interaction with
the sorbent and greetly reduced tailing®”. Inaddition, it
wasfoundthat pre-sprayingthe TLC platewithEDTA
(3% wiv) solution and drying overnight overcomethis
problem by decreasing the polarity through complex

HAralytical CHEMISTRY o

formation with gypsum (Ca SO,), used as binder in
slicagel G platesand the spot obtained was sharp and
well-defined™. Findly, chloroform:methanol:ammonia
(6:3:0.5, v/viv) showed good resolution of GEM from
its acid degradation product with R, valueof 0.7 and
0.4, respectively, asrevea ed by densitometric scan-
ning, Figure 10. The suggested method hasthe advan-
tage of reducing the compaosition of the devel oping sol-
ventsto three components system as compared to the

700

500 +
1

400 -|

AU

300

200 —

0
-0.08 014 0.34 054 0.74 094

Re
Figure10: Atypical densitogram of alaboratory prepared
mixtureof GEM (18 ug spot™), peak 1, R, =0.7+0.02 and its
acid degradation product (2 ug spot™), peak 2, R, =0.4+0.02,
inratioof (9:1) measured at 270 nm, using developing sys-
tem chlor ofor m:methanol:ammonia (6:3:0.5, viv/v)

previously reported method which used afive compo-
nentsone (chloroform:methanol :toluenediethylamine:
water, 33.6:33.6:16.8:10.8:6, by volume)®, thusmini-
mizingtimeand cogt. In addition, water isomitted from
the devel oping systemwhich facilitated quick and uni-
formdrying.

M ethod validation

Method validationwasperformed accordingto ICH
guidelines® for the proposed methods. Linearity
ranges, regression equations, standard deviation of the
slope (S,) and that of intercept (S) areindicated in
TABLE 1: Regression equation parametersshow good
linear relationshipfor dl themethods asreveded by the
correlation coefficients. Inaddition, descriptive atis-
tics of theregression showed |ow values of standard
error of intercept and dope which reveaed high accu-
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racy with minimum deviationsand low scattering of the
cdibration pointg®!.

Resultsof accuracy and standard addition technique
areshownin TABLES 2 and 3, respectively. A good
accuracy of the methodswas verified by good recov-
eriesand SD values (lessthan 2) which indicatesre-
producibility of theresults.

—= [Ful] Paper

The specificity of the proposed ‘D, ?DD and TLC
densitometric methodswas proved by the analysis of
|aboratory prepared mixturesof GEM anditsacid deg-
radation product, aspresentedin TABLE 4. GEM could
bedetermined in presenceof upto 90 % and 70 %, in
case of (*D and ?2DD) and TLC densitometric meth-
ods, respectively. However, sncethe DAB method was

TABLE 1: Analytical and validation par ameter sobtained by applying !D,?DD, DAB and TL C densitometric methodsfor the

determination of GEM
Item D method DD method DAB method TLC densitometric
method
M easurement Wavelength 280 nm 360 nm 289.3nm 400 nm 270 nm
Lop? 0.731 pgmL™* 0.77 pgmL™ 0.44 pg mL™* 0.89 pgmL™* 0.16 pg mL™
LOQ? 223 pgmL™* 2.33 pgmL™ 1.33 pgmL™ 271 pgmL™? 0.49 pg mL™
Range of linearity 25-225ugmL™  25225pgmL?  25-27.5 pgmL™ 10-25 pg mL™ 2.5-25 pgmL™*

Regression equation

Correlation coefficient (r) 0.9996 0.9991
S 0.0264 0.0149
S 0.3629 0.2043

Confidence limit of the slope 3.1549+0.0679

Confidence limit of the intercept 0.0405+0.9330

1.1334+0.0383

0.7438+0.5253

y =3.1549 x - 0.0405y = 1.1334 x - 0.7438 y = 5.7765x - 1.7914 y = 0.0577 x - 0.4392 y = 1.2157x + 16.0057

0.9999 0.9995 0.9999
0.0216 0.0005 0.0074
0.3631 0.0092 0.1110

5.7765+0.0556 0.0577+1.22x1073 1.125+0.0205

1.7914+0.9995 0.4392+0.0225 16.0057+0.3081

Standard error of the estimation 0.4922 0.2770 0.5013 0.0071 0.1502
Intraday®

%RSD 0.428 -0.831 0.417-0.712 0.808 -0.970 0.093-0.865 0.630-1.501
Interday®

%RSD 0.088-1.036 0.639-1.074 0.329 - 0.994 0.495-0.953 0.376-1.412

aLimits of detection and quantification are determined via calculations®; LOD= 3.3xSD/slope LOQ= 10xSD/slope; ° The
intraday (n = 3), average of three concentrations of GEM (12.5,18.75 and 21.25 pg mL* for D, 2DD methods), (15, 19 and 21
pg mL* for DAB method) and (3, 7 and 11 pg spot™ for TLC densitometric method), repeated three times within the day; © The
interday (n = 3), average of two concentrations of GEM (12.5,18.75 and 21.25 pg mL* for 'D, 2DD methods), (15, 19 and 21 pg mL-
* for DAB method) and (3, 7 and 11 pg spot™® for TLC densitometric method), repeated three times in three successive days

TABLE 2: Determination of puresamplesof GEM by theproposed 'D,2DD, DAB and TL C densitometric methods

D method at 280 nm D method at 360 nm 2DD method DAB method TLC densitometric method

Claimed taken Recovery Recovery Recovery Claimed taken Recovery Claimedtaken Recovery
(ng mLY) % % % (ug mLY) % (ug mLY %
3.75 100.08 100.56 98.75 13 99.66 3 99.93
8.75 100.74 100.26 98.90 15 100.88 5 98.62
125 101.02 99.83 100.39 17 100.38 7 101.70
13.75 101.75 100.38 98.95 19 99.35 9 101.40
18.75 101.83 101.85 100.82 21 99.88 11 100.38
21.25 101.93 100.37 99.62 23 100.23 15 99.01
23 - - 99.38
Mean 101.23 100.54 99.54 100.06 100.17
+SD 0.739 0.686 0.793 0.548 1.241

aAver age of three determinations
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TABLE 3: Determination of GEM in Factivetabletsby the proposed !D,?DD, DAB and TL C densitometric methodsand
application of thestandar d addition technique

D method at 280nm 'D method at 360nm DD method DAB method TLC densitometric method
ey T " R N e T G B R ) camey D ST

(ugmL?) tablet added  tablet  added  tablet  added (ugmL?) tablet  added (ugmL?) tablet  added

6 4.0 10165 9858 100.20 102.13 10153 10040 11.0 10.0 99.99 98.70 4.0 3.0 100.65 100.07
6.0 99.73 100.88 99.63 11.0 100.27 4.0 100.35

8.0 99.01 100.69 99.39 12.0 101.16 5.0 100.84

9 7.0 100.27 99.03 10042 100.83 100.26 101.44 120 11.0 100.89 98.55 8.0 7.0 100.09 101.30
9.0 100.87 99.70 101.70 12.0 100.15 8.0 101.28

11.0 100.68 101.86 101.30 13.0 98.30 9.0 100.99

Mean 100.96 99.65 100.31 101.02 100.90 100.64 100.44  99.52 100.37 100.81
+SD 0976 0948 0156 0.877 0.898 0.984 0.637  1.162 0.396  0.501

aAver age of three determinations

TABLE 4: Deter mination of GEM in labor atory prepared mixturesby the proposed theproposed 'D,?DD and TL C denstomet-
ricmethods

% of acid Claimed taken D method D method 25D method TLC densitometric
; ng mL cid degradation at nm at nm metho
dear adation ( b Acid degradati 280 360 hod

egro duct GEM product Recovery? Recovery? Recovery® Recovery?

P % of GEM % of GEM % of GEM % of GEM
10% 18 99.74 99.72 101.15 101.24
30% 14 99.14 99.22 99.38 100.32
50% 10 10 101.24 100.09 101.95 98.91
70% 6 14 100.58 100.63 100.67 100.00
90% 36 100.18 98.03 99.08 -
Mean 100.18 99.54 100.45 100.12
+SD 0.800 0.988 1.205 0.961

aAver age of three deter minations

TABLE5: Satistical comparison of theresultsobtained by applying the proposed 'D,?DD, DAB and TL C densitometric
methodsfor thedeter mination of GEM

Statistical 1D method D method DD DAB TLC densitometric  Reference
term at 280 nm at 360 nm method method method method*®
Mean+S.D  101.23+0.739 100.54+0.686 99.54+0.793 100.06+0.548 100.17 + 1.241 100.27 + 0.824
n 6 6 7 6 6 6
Pure Variance 0.546 0.471 0.629 0.300 1.540 0.679
sample SE. 0.302 0.280 0.300 0.224 0.507 0.336
Student'sttest 2.125(2.228)° 0.617(2228)°  1.620(2.201)° 0.520(2.228)° 0.164(2.228)"
F ratio 0.804(5.050)  0.693(5.050)"  1.080(4.387)" 2.261(5.050)" 2.268 (5.050)"
Mean+S.D  101.16+0.772 100.09+0.402 101.33+0.990 100.91+0.930 100.98+1.093 100.60 + 1.375
n 3 3 3 3 3 3
Factive Variance 0.59 0.162 0.980 0.865 1.195 1.891
tablet SE. 0.446 0.232 0.572 0.537 0.631 0.7%4
Student'sttest 0.615(2.776)° 0.617(2.776)°  0.746 (2.776)° 0.323(2.776)° 0.375(2.776)"
F ratio 0.315(19.000)° 11.699 (19.000) 0.518(19.000)° 0.457 (19.000)" 0.632 (19.000)"

* The valuesin the parenthesis are the corresponding values of t and F at (p=0.05)

based on the condensation reaction between the ade-
hydegroup in DAB reagent and amino group in GEM,

Figure 6, the acid degradation product will interferein  precise.
theandysisof GEM by thismethod.
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Satisfactory intraday andinterday RSD, asreveded
inTABLE 1, indicatesthat the suggested methods are
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TABLE 5 showsstatistical comparison of there-
sults obtained by the proposed methods and the
manufacturer’s HPLC method!*, for the determina-
tion of pure GEM andfactivetablets. Thecalculated t
and F-valuesarelessthan thetheoretica onesindicat-
ing that thereisno significant difference between the
proposed methodsand the manufacturer’s one with re-
spect to accuracy and precision. Inaddition, One-way
ANOVA wasgpplied for the comparison of these meth-
ods showing no significant difference between the pro-
posed methodsand the manufacturer oneasthep-vaue
isgreater than 0.05, TABLE6.

TABLE 6: One-way ANOVA testing for thedifferent pro-
posed and manufacturer methodsused for thedetermination
of GEM intablet form

Sourceof Degreeof Sumof Mean F- P

variation  freedom sgquares sguare value value
GEMm Between 4 2770 0692 0912 049

experiment

Within 10 7595  0.750

experiment

Total 14 10.364

CONCLUSION

The proposed methodsweresmple, rapid, sensi-
tiveand precise. They havethe advantage of eiminat-
ing the previous separation step. In addition, D, DD
spectrophotometric and TLC densitometric methods
arestabiltity indicationg assays Theresultsdemongirate
theusefulnessof the suggested methods, which areac-
curate, inexpensive and non-polluting. Therefore, they
could besuccessfully applied for theroutineanadysisof
GEM in purebulk powder and in dosageforminqual-
ity-control laboratorieswithout any preliminary sepa
ration step.
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