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ABSTRACT KEYWORDS
Four accurate, precise, rapid, reproducible and simple spectrophotometric Repaglinide;
methodswere validated for determination of repaglinide (RPG), pioglitazone Pioglitazone hydrochloride;
hydrochloride (PGL) and rosiglitazone mal eate (RGL). Thefirst two meth- Rosiglitazone mal eate;
ods were based on the formation of “charge-transfer purple-colored com- Charge-transfer complex;
plex, between chloranilic acid (CLA) and (RPG and RGL) with molar absorp- lon-pair complex;
tivity 1.23x10% and 8.67x10% L.molt.cmr? and sandell’s sensitivity 0.367 and Derivative spectrophotometry;
0.412 pg.cm?, respectively” and “ion-pair yellow-colored complex between Difference spectrophotometry.

bromophenoal blue (BPB) and (RPG, PGL and RGL ) with molar absorptivity
8.86x10°, 6.95x10°% and 7.06x10°% L.mol .cm?, respectively and sandell’s sen-
sitivity 0.051 ug.cm?for dl ion-pair complexes”. The influence of different
parameters on the color formation was studied to determine the optimum
conditions for the visible spectrophotometric methods. The other spectro-
photometric methods were adopted for determination of the studied drugs
in presence of their acid, alkaline and oxidative-degradates by computing
derivative and pH-induced difference spectrophotometry, as stability-indi-
cating methods. All the proposed methods were validated according to the
International Conference on Harmonization (ICH) guidelines and success-
fully applied for determination of the studied drugs in pure form and in
pharmaceutical preparations with good extraction recoveries ranges be-
tween 98.71-101.35 %, 98.24-101.26 % and 99.88- 101.43 % for RPG PGL and
RGL, respectively. Results of relative standard deviation did not exceed
1.636 %, indicating that the proposed methods having good repeatability
and reproducibility. All the obtained results were statistically compared to
the official method used for RPG analysis and the manufacturer methods
used for PGL and RGL analysis, respectively, where thereis No significant
differenceswerefound.  © 2011 Trade Sciencelnc. - INDIA

INTRODUCTION treatment of type | diabetes. Target control isachieved

with these medi cations for some patientsonly, how-

For many years pharmacol ogical agentssuchas ever; secondary falureisrelatively common. Thus, the
sulphonylureasand biguanideswerethemaingay of ord  introduction of newer agents such as meglitinides
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(repaglinide) and thiazolidinediones (pioglitazoneand
rosiglitazone) hasbeen welcome¥l. Repaglinide (RPG),
actsby stimulating insulin secreation of 3-cellsof the
pancreas, whileboth Pioglitazonehydrochl oride (PGL)
and Rog glitazonemaleste (RGL), which exert their glu-
cose-lowering effect by binding to peroxisome
proliferator-activated receptorsgamma (PPARYy), thus
increasing thereceptor sengitivity toinsulin2.

Many analytical methods have been reported for
the quantitative estimation of (RPG) in pharmaceutica
preparationsand biologica samples®® whichinclude
visible spectrophotometrici®”, HPL C®° and €l ectro-
chemica methods'?. (PGL) and its metaboliteshave
been determined inbiological fluidsand pharmaceuti-
ca preparationsby HPLC with UV detection™ 1, re-
versed phase TLC*, liquid chromatography coupled
with mass spectrometry!™® and spectrometry*?. Onthe
other hand, (RGL) in pharmaceutica preparationsand
human plasmahas been determined by HPLC with UV
detectioni*”2!, HPTLC?2, TLCZI, and liquid chro-
matography coupl ed with mass spectrometry?4,

Theaim of thisstudy isto develop and validatea
smple, rapid, sensitiveand reliabl e spectrophotomet-
ric methodsfor accurate quantitation of (RPG), (PGL)
and (RGL) via“‘charge-transfer and ion-pair’comple-
xationreactionsand Sability indicating assay usang ‘de-
rivativeand pH-induced difference spectrophotometry’.
All the proposed methods were successfully applied
for theroutinequdity control analysisof thementioned
drugsinraw materid andinther pharmaceutica prepa
rationsunaffected by interferencefrom excipients.

MATERIALSAND METHODS

Chemicalsand reagents

Repaglinide and pioglitazone hydrochloridewere
kindly supplied by Amoun pharmaceutical company and
certified to contain 99.99% and 99.95%, respectively.
Diarol® tablets: batch number: 1018, each tablet was
labeled to contain 2 mg repaglinide and Actozone® tab-
lets: batch number: 3543, each tablet waslabeled to
contain45mg pioglitazone hydrochloride. Rosiglitazone
mal eate was kindly supplied by A pex pharmaceutical
company and certified to contain 99.99%. Rosizone®
tablets: batch number: MT0410208, each tablet was
|abeled to contain 4 mg Rosiglitazonemal eate.
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Water (bi-ditilled), methanol (Riedd-de Haen), ac-
etonitrile(Riedd-deHaen), chloranilicacid (BDH), bro-
mophenol blue (BDH), potassium hydrogen phthalate
(El-Nasr Pharmaceutical Co.), chloroform (EI-Nasr
Pharmaceutica Co.), hydrochloricacid 35.4% (BDH);
0.1M, 0.2M, 2M and 5M aqueous sol utions, sodium
hydroxide (BDH); 0.1M, 2M and 5M aqueous solu-
tions, hydrogen peroxide 30 % (El-Nasr Pharmaceuti-
cal Co.) and 96 % ethanol (El-Nasr Pharmaceutical
Co.).

All chemicd and reagents used through thiswork
areof spectroscopic anaytica grade. Bi-distilled wa
ter isused throughout thewholework andisindicated
by theword ‘water’.

~_°
HO (6]
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Instruments

Hewlett Packard HP 8452A Diode Array Spec-
trophotometer connected to an IBM compatible com-
puter and HP Laser printer isused. The bundled soft-
ware is UV-Visible chemstation Rev. A.08.03 [71]
copyright® Agilent Technol ogies 95-00. The spectral
bandwidthis0.2 nm and thewave ength scanning speed
was 2800.0 nmmint. The absorption spectra of the
reference and thetest solutionsarerecorded in 1.0-ml
quartz cellsat 25.0°C, using ‘AA =4 nmand scaling
factor of 10for first derivative (D)’ and ‘AL =8nm
and scaling factor of 100 for second and third deriva
tive(D?and D3)’. Bandelin Sonorex RK 100H DVE
GS (gepiifte sicherheit) Sonicator. A (Jenway 3310,
UK) pH-meter, equipped with combined glasselec-
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trodefor pH adjustment.

Sandard solutions
(1) Sandard solutionsof the studied drugs

For charge-transfer method; RPG and RGL stock
standard sol utions, having concentration of (1.0 mg.ml-
1) were prepared, respectively, in acetonitrile, which
werea so used asworking standard solutions. For the
other three spectrophotometric methods; stock stan-
dard solutionsof RPG PGL and RGL having concen-
tration of (1.0 mg.ml) were prepared, respectively, in
methanol, whichwerefurther diluted with methanol to
obtain concentration (0.1 mg.mi-t)to be used aswork-
ing standard solutions.

(2) Sandard solutions of the used reagents (for
charge-transfer and ion-pair methods)

0.1% (w/v) CLA inacetonitrileand [0.1 % (w/v)
BPB and phtha atebuffers“pH 2.4 and 2.2 were
used for charge-transfer andion-pair methods, respec-
tively.

(3) Sandard solutionsof thedegradates(for sta-
bility indicating spectr ophotometric methods)

Three standard degradated-sol utions““acid, alka-
lineand oxidative” of RPG, PGL and RGL, were pre-
pared by mixing 10 mg of each separatdy with fifty mls
of “2 M HCI, 2 M NaOH and 30% H,O,, respec-
tively”, heating in thermostatic water-bath at 80°Cfor
24 hours, cooling, [neutralizing the mediawith “5 M
NaOH and 5 M HCI for the acid and alkaline
degradated-solutions, respectively”’] and then complete
thevolumefor dl the degradated-sol utionswith metha-
nol to obtainafina concentration of (0.1 mg.mi2).

Procedures
(2) For charge-transfer method

Aliquotsof (RPG and RGL) working standard solu-
tionsweremixedwith3.0and2.0ml of 0.1% CLA ina
seriesof 10ml volumetricflasksand thendilutedtothe
volumewith acetonitrileto obtain aconcentration range
of 50-325 and 50-300 pg.ml?, respectively. The absor-
bance of the produced purple-colored charge-transfer
complex was measured at 518 nm against areagent-
blank a roomtemperature. Calibration curveswerecon-
structed and the regress on equiation wasthen computed.

Hnalytical CHEMISTRY o

For ion-pair method

Into threeseparating funnds, diquotsof (RPG PGL
and RGL) working standard solutionswere separately
transferred, 4.0 ml of phthalate buffer pH 2.4 and 2.2
for [(RPG and PGL) and RGL] and then 3.0 ml of
0.1% BPB reagent sol ution were added. The produced
yellow-colored ion-pair complexeswereextracted twice
with 4 ml chloroform and allowed to stand for clear
separation of the two phases. Thechloroformic layer
was then passed through anhydrous sodium sul phate
and diluted tothevolumewith chloroformin 10ml volu-
metric flasksto obtain aconcentration range of 5-35
ug.mi-. Theabsorbance of the produced col ored-com-
plexeswas measured at 414 nm, 416 nm and 415 nm
against areagent blank at room temperature, respec-
tively. Calibration curveswere constructed and there-
gression equation was then computed.

For sability-indicating gpectr ophotometricmethods
(1) Derivative spectrophotometric (D") method

From standard working solutions, aliquotswere
transferred into aseriesof 10 ml volumetric flasks, and
diluted to volume with methanol. RPG can be deter-
mined inaconcentration range of 5-75 ug.mltin pres-
ence of its acid, alkaline and oxidative-degradates,
wherethevaluesof thefirst derivative (D*) amplitudes
were computed at 263.79 nm, 264.33 nm and 304.84
nm, respectively. PLG can be determined in aconcen-
tration rangeof 5-60 pug.mi-tin presenceof itsacid and
alkaline-degradates, wherethe values of thefirst de-
rivative (D*) werecomputed at 253.35 nm and 284.05
nm, respectively and the values of second derivative
(D?) was computed at 276.31 nm in aconcentration
range of 5-75 pug.ml? in presence of its oxidative-
degradates. While, RGL can bedetermined in acon-
centration rangeof 5-70 ug.mi-tin presence of itsacid,
akaineand oxidative-degradates, wherethe values of
the second derivative (D?) amplitudeswere computed
at 307.95nm, 287.73 nm and 325.67 nm, respectively.
The calibration curves were constructed and the re-
gression equation was then computed.

(2) pH-induced difference spectrophotometric
(DD") method

From standard working solutions, aliquotswere
trandferredinto two setsof 20 ml volumetricflaskswhich
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were then diluted with 0.1M [HCI and NaOH], re-
spectively. AA spectrawere computed by placing the
acid solutioninthereference beam andthe akaine so-
[utionin thesample beam. RPG canbedeterminedina
concentration range of 5-65 pg.ml*in presence of its
acid and alkaline-degradates, wherethe values of the
first derivative of AA spectra(DD?) were computed at
258.04 nm and 261.82 nm, respectively, whilesecond
derivativeof AA spectra(DD?) valueswere computed
at 252.80 nmin aconcentration rangeof 5-75 pug.mi
in presence of its oxidative-degradates. PGL can be
determined in aconcentration range of 5-80 ug.mlin
presence of itsacid and akaine-degradates, wherethe
vauesof thefirst derivative of AA spectra(DD?) were
computed at 242.81 nm and 243.41 nm, respectively
and the values of the second derivative AA spectra
(DD?) werecomputed at 253.12 nmin aconcentration
range of 5-75 pg.mlt in presence of its oxidative-
degradates. While RGL can be determined inacon-
centration range of 5-70 ug.ml* inpresenceof itsacid,
alkaine and oxidative-degradates, wheretheva ues of
second derivative AA spectra(DD?) were computed
at 272.00nmin presence of itsakaline-degradatesand
thevalues of thethird derivative of AA spectra(DD?)
amplitudeswere computed at 275.90 nm and 267.40
nm in presence of its acid and oxidative-degradates,
respectively. The calibration curveswere constructed
and the regression equation wasthen computed.

Assay of the pharmaceutical preparationsby the
proposed methods and application of standard
addition technique

Sixty tablets from Diarol®, ten tablets from
Actozone® and thirty tabletsfrom Rosizone® werein-
dividually weighed to get the averagewe ght of thetab-
lets, respectively. For charge-transfer method, asample
of the powdered tablets, claimed to contain 50 mg of
RPG and RGL wastransferred separatdy to 50 ml volu-
metric flasks, sonicated for 20 minuteswith 30 ml ac-
etonitrile, then the volumewas brought to 50 ml with
same solvent and filtered to prepare stock working so-
lutions, each havingaconcentration 1.0mg.mi. Aliquots
of thefiltrate werefurther diluted with same solvent,
then proceeds as described under (2.4.1). For other
gpectrophotometric methods, asampleof the powdered
tablets, claimed to contain 25 mg of RPG, PGL and
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RGL wastransferred separately to 250 ml volumetric
flasks, sonicated for 20 minuteswith 200 ml methanol,
then the volumewas brought to 250 ml with same sol -
vent and filtered to prepare stock working solutions,
each having aconcentration 0.1 mg.ml-*. Aliquots of
filtratewerefurther diluted with same sol vent and then
proceeds asdescribed under (2.4.2 and 2.4.3) for ion-
pair and stability-indicating spectrophotometric meth-
ods, respectively.

To check thevalidity of the proposed methods, the
standard addition technique was applied. For charge-
transfer method, a sample of the powdered tablets,
clamedto contain 5 mg of RPG and RGL, respectively
was accurately weighed and mixed with [5, 10, 15, 20
and 25 mg] of puredrug, separatdy. Each spiked sample
of (RPG and RGL) wastransferred to 25 ml volumet-
ric flask, sonicated for 20 minuteswith 20 ml acetoni-
trile then the volume was adj usted with same solvent
andfiltered, to get five spiked solutionsfrom each phar-
maceutical preparation inaconcentration range (0.4-
1.2 mg.ml). From each spiked solution, 2.5 ml was
transferred to 10 ml volumetric flask then proceeds as
described under (2.4.1). For ion-pair and stability-in-
di cating spectrophotometric methods, asample of the
powdered tablets, claimed to contain 5 mg of RPG,
PGL and RGL, respectively was accurately weighed
and mixedwith[5, 10, 15, 20 and 25 mg] of puredrug,
separatey. Each spiked sampleof (RPG PGL and RGL)
wastransferred to 100 ml volumetric flask, sonicated
for 20 minuteswith 75 ml methanol then thevolume
was adjusted with same solvent and filtered, to get five
spiked sol utionsfrom each pharmaceutica preparation
in aconcentration range (0.1-0.3 mg.ml2). For ion-
pair method, 1.0 ml istaken from each spiked solution
and then proceeds as described under (2.4.2), while
for sability-indi cating spectrophotometric methods, 1.5
ml istaken from each spiked solution and then pro-
ceedsasdescribed under (2.4.3).

RESULTS

Method development
(1) Charge-transfer and ion-pair methods

The absorption spectra of charge-transfer com-
plexesformed between (RPG and RGL) and CLA and
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theion-pair complexesformed between (RPG, PGL
and RGL) and BPB were measured against reagent-
blanks (Figure 1-5). The charge-transfer complexes
show maximum absorbance at 518 nmfor (RPG and
RGL), respectively. Theion-pair complexes show maxi-
mum absorbance at 414 nm, 416 nm and 415 nm for
(RPG, PGL and RGL), respectively. Theinfluence of
different parameters on the col or formation was stud-
ied to determinethe optimum conditionsfor thevisible
spectrophotometric methods.

(2) Choiceof solvent

In order to select the suitabl e sol vent for charge-
transfer complex formation, the reaction of RPG and
RGL with CLA wasmadeindifferent solvents. Aceto-
nitrile showed super priority over chloroform, 2-pro-
panal, dichloroethane, 1,4-dioxan, methanol and etha
nol, asthe complex formed in these solventshad low
molar absorptivity. Furthermore, acetonitrile was con-
sidered asanideal solvent for CLA (r-acceptor), this
becauseit offered amaximum sengtivity whichwasat-
tributed to its high dielectric constant that promotes
maximum yield of thecomplexi?®. Whilefor ion-pair
method, the effect of severa organic solventssuch as,
chloroform, carbon tetrachloride, ethyl acetate,
diethylether, toluene and dichloromethaneweretried
for effectiveextraction of the col ored speciesfrom aque-
ousphase. Chloroformwasfound to bethe most suit-
able solvent for extraction of ion-pair complexesfrom
the agqueous sol utions, yiel ding maximum absorbance
intensity and considerably lower extraction ability for
the reagent blank and it was al so observed that only
doubl e extraction was adequate to achieveaquantita-
tiverecovery of thecomplex.

(3) Reagent concentration

Figure 6 showsthe effect of CLA concentration
(by volume) on the quantitativeness of itsreactionwith
RPG and RGL. It wasfound that, when various con-
centrations (by volume) of CLA solution addedto a
fixed concentrations of the studied drugs, 3.0 ml and
2.0ml of 0.1 % CLA solution (w/v) werefound to be
theeffectivevolumesfor thequantitative determination
of thementioned drugs, respectively. Figure 7 shows
theeffect of BPB concentration (by volume) onthein-
tensity of the col or-devel oped when reacted with RPG,

Hnalytical CHEMISTRY o

PGL and RGL. It was found that, when various con-
centrations (by volume) of BPB solution added to a
fixed concentrationsof thestudied drugs, 3.0ml of 0.1%
BPB solution (w/v) was adequate to obtain astable
product for quantitative determination of RPG PGL and

RGL, respectively.
(4) Effect of timeand temperature

Theoptimum reactiontimewasinvestigated by fol -
lowing the color development at ambient temperature,
where the relationship between time and absorbance
represented infigure8 which showsthat thereactionis
instantaneous and stabl e up to two hoursfor the pro-
duced charge-transfer complexes. While, for ion-pair
complexes, completecolor intensity was attained after
two minutesof mixingwith chloroform and stableupto
two hoursasshowninfigure9. Figure 10 and 11 show
therelationship between temperature and absorbance,
whererasing thetemperature up to 30 °C has no effect
ontheformed complexes(ather charge-transfer orion-
pair), but the absorbance startsto decay above 30°C.

(5) Effect of phthalate-buffer (pH and volume) on
theion-pair complex formation

Theeffect of pH was studied by extracting theye -
low-colored complexesin the presence of phthal ate-
buffer at various pH (2.0-4.0), wheretherelationship
between pH and the absorbance represented infigure
12 which showsamaximum col or intensity and conse-
quently ahigher absorbanceat pH 2.4 and 2.2 for (RPG
and PGL) and RGL, respectively. Also, the stability of
theformed col or-complexeswithout affecting the ab-
sorbance was achieved by using 4.0 ml of phthalate
buffersat the chosen pH-vaues, whereamaximumab-
sorbance and reproducible results were obtained as
showninfigure13.

(6) Soichiometricreationship

Job’s method of continuous variation?” has been
applied in order to ascertain the stoichiometry of the
reaction between [(RPG and RGL) and CLA] and
[(RPG, PGL and RGL) and BPB], respectively, where
equimolar solutions (1.0x103) of each drug, CLA and
BPB wereused.

Theresultsobtained fromjob’s method represented
infigure 14, whichindicatethat 1:1 (drug : -acceptor)
charge-transfer compl exes areformed through com-
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Figurel: UV-Visgpectraof RPG CLAand RPG-CLA charge-
transfer complex
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Figure2: UV-Visspectraof RGL, CLAand RGL-CLA charge-
transfer complex

Figure3: UV-Visspectraof RPG, BPB and RPG-BPB ion-
pair complex
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Figure4: UV-Visspectraof PGL, BPB and PGL-BPB ion-
pair complex

8
il

» I ERR YRR - :
Figure5: UV-Visspectraof RGL, BPB and RGL-BPB ion-
pair complex
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Figure26: First (DD and second (DD?) derivative of AA
spectraof PGL andits[add (a) and alkaline(b)] and oxidative(c)
degradates

plete electron transfer from RPG or RGL asan elec-
tron donor to (CLA) as an electron acceptor with the
formation of intensdly colored radicd ionsin polar sol-
vent (acetonitrile), according to thefollowing scheme:

polar o+ .-
Drug + CLA <« Drug—CLA -«—> Drug +CLA

solvent
donor acceptor (n-m) complex

Thisfindingwasanticipated by the presence of one
basi c € ectron-donating center (nitrogen atom) present
in RPG and RGL structure, while PGL suffersfrom
absence of thisbasic center and consequently failed to
form chargetransfer complex when reacted with CLA
as a m-acceptor.

While, reaction-stoichiometry for ion-pair com-
plexeswasfound to beagood approximation 1: 1 ratio
(drug/reagent) which areformed through the el ectro-
static attraction between positive protonated RPG,
PGL* or RGL* and negative BPB- asshowninfigure
15. Theextraction equilibrium can berepresented as
follows

Dr ug(aq)* + BPB(aq)' < Drug* BPB(aq)' < Drug’ BPB(org) ;
where Drug" and BPB- represent the protonated
studied ora hypoglycemic drugsand theanion of the
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dye, respectively and the subscripts (ag) and (org) re-
fer to the agueous and organi c phases, respectively.

Sability-indicating spectrophotometric methods
(1) Derivative spectrophotometry method (D")

The UV-spectraof the ora hypoglycemic drugs
under study and their acid, alkaline and oxidative-
degradates showed overlapping [Figure 16(a, b and
c), 17(a, band c) and 18(a, b and ¢)], which would not
permit zero order determination of themin presence of
their degradates. So, derivative spectrophotometric
methodswere adopted, where zero-crossing point for
acid, dkalineand oxidative-degradates of each studied
drug wasindicated, respectively. Thefirst derivative
spectrophotometric method (D?) permitted aselective
determination of RPGinthe presenceof itsacid, alka
line and oxidative-degradates at 263.79 nm, 264.33
nm and 304.84 nm, respectively asshowninfigure 19
(a, band c), and PGL in the presence of itsacid and
alkaline-degradates at 253.35 nm and 284.05 nm, re-
spectively asshowninfigure 20 (aand b). Also, sec-
ond derivative spectrophotometric method (D?) per-
mitted an excellent determination of PGL inthepres-
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TABLE 1(a) : Validation parameter sfor char ge-transfer and ion-pair spectrophotometric methods

o Charge-transfer method
Validation parameters

lon-pair method

RPG; 518.00nm RGL; 518.00nm RPG; 414.00nm PGL; 416.00nm RGL; 415.00 nm
Linearity (ug.ml™) 50-325 50-300 5-35 5-35 5-35
Slope 0.00273 0.00243 0.01958 0.01950 0.01957
Intercept 0.01426 0.04705 0.05515 0.05229 0.03418
Correlation coefficient (r) 0.9998 0.9996 0.9997 0.9998 0.9997
LOD (pg.ml™) 4.22 5.96 0.49 0.47 0.56
LOQ (pg.ml™) 12.80 18.06 1.50 1.42 1.76
Precision

Mean (%) 99.46 99.52 99.87 98.82 100.85
Intraday

RSD (%) 0.396 1.558 0.881 1.565 0.662

Mean (%) 99.45 99.62 99.82 98.84 100.70
Inter day

RSD (%) 0.431 1.520 1.124 1.591 0.549
Ruggedness [RSD (%)] 0.755 0.716 0.710 0.607 1.340
Robustness [RSD (%)] 0.539 0.581 0.760 0.725 1.493

TABLE 1(b) : Validation par ameter sfor derivativespectrophotometric method [D"]

RPG with its degradates

PGL with its degradates

RGL with its degradates

Validation parameter Acid Alkaline Oxidative  Acid Alkaline Oxidative  Acid Alkaline Oxidative
Dat Dat D'at Dat Dat D%at D%at D%at D%at
263.79 nm 264.33nm 304.84 nm 253.35 nm 284.05nm 276.31nm 307.95nm 287.73nm 325.67 nm
Linearity (ug.ml™) 5-75 5-75 5-75 5-60 5-60 5-75 5-70 5-70 5-70
Slope 0.00046  0.00043 0.00037 0.00052 0.00119 0.00021 0.00003 0.00010 0.00004
Intercept -0.00040 -0.00056 -0.00029 -0.00121 -0.00376 0.00093 0.00005 -0.00020 -0.00012
Correlation coefficient (r)  0.9998 0.9998 0.9998 0.9998 0.9999 0.9997 0.9999 0.9997 0.9997
LOD (pg.ml™) 0.90 0.88 0.78 0.83 0.53 0.95 0.55 1.02 0.98
LOQ (pg.ml™) 2.73 2.66 2.37 2.52 1.60 2.88 1.67 3.10 2.98
Precision
Intra day Mean (%) 100.29 100.93 99.13 99.02 99.33 99.12 100.70 100.58 100.33
RSD (%) 0.987 1.248 0.286 0.221 0.728 1.143 0.167 0.129 0.771
Inter day Mean (%) 100.27 100.75 98.99 99.72 99.06 98.98 100.61 100.80 100.36
RSD (%) 1.142 1.315 0.237 0.539 0.861 1.007 0.570 0.963 1.514
Ruggedness [RSD (%)] 0.404 0.634 0.802 0.460 0.770 0.845 0.663 0.412 0.429

enceof itsoxidative-degradatesat 276.31 nmasshown
infigure 20(c), and RGL inthe presence of itsacid,
akaineand oxidative-degradatesat 307.95nm, 287.73
nm and 325.67 nm, respectively asshowninfigure 21
(a,bandc).

(2) pH-induced difference spectrophotometric
method (DD")

The changein the absorption spectraof theintact
drugsunder investigation, by usngacidand dkdineme-
diacould beused asastability-indicating sudy. Thedi-
rect UV measurement of AA spectrawere not suitable

for assaying the studied drugs in presence of their
degradates, dueto severe overlapping, asshowninfig-
ure22 (a,bandc), 23 (a, band c) and 24 (a, band c).
Thus, first, second and third derivative of AA spectra
were adopted, where zero-crossing point for theacid,
akaineand oxidative-degradates of each studied drug
wereindicated, respectively. First derivative[ DDY] of
AA spectrawas computed for determination of RPG
and PGL inpresenceof their acid and dkaine-degradates
a ‘258.04 nm and 261.82 nm’ and ‘242.81 nm and
24341 nm’, respectively as shown in figure 25 (a and b)
and figure 26 (aand b), while second derivative of AA
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TABLE 1(c) : Validation parameter sfor pH-induced difference spectrophotometric [DD"] method

RPG with its degradates PGL with its degradates RGL with itsdegradates

validation parameters Acid Alkaline Oxidative  Acid Alkaline Oxidative Acid Alkaline Oxidative

DDat DD'at DD?at DD'at DD'at DD?at DD%at DD?at DD%at
258.04nm 261.82nm 252.80nm 242.81lnm 243.41nm 253.12nm 275.90nm 272.00nm 267.40nm

Linearity (ugml™) 5-65 5-65 575 5-80 5-80 575 5-70 5-70 5-70
Slope 0.00083 0.00038 0.00010 0.00035 0.00033 0.00007 0.00002 0.00008 0.00004
Intercept 0.00016  0.00032 0.00016 -0.00053 -0.00053 0.00008 -0.00005 0.00013 -0.00002
Correlation coefficient (r) 0.9997 0.9996 0.9997 0.9997 0.9997 0.9998 0.9997 0.9997 0.9997
LOD (ugml™) 0.98 1.08 1.02 1.09 0.96 0.73 0.92 1.04 1.04
LOQ (ugml™) 2.98 3.26 3.08 3.30 2.90 2.22 2.78 314 3.16
Precision
Intra day Mean (%) 100.63 101.30 100.30 100.02 99.53 98.94 99.79 101.51 100.65
RSD (%) 0.853 0.499 1.623 0.967 0.797 0.367 0.615 0.144 0.914
Inter day Mean (%) 100.30 101.01 100.10 98.68 99.56 98.93 100.16 101.56 100.76
RSD (%) 0.841 0.723 1.636 0.163 0.849 0.364 0.880 0.281 0.950
Ruggedness [RSD (%)] 0.410 0.489 0.355 0.479 0.630 0.338 0.477 0.590 0.710
Robustness [RSD (%0)] 0.435 0.316 0.250 0.457 0.642 0.355 0.413 0.434 0.556

TABLE 2(a) : Derivativespectrophotometric[D"] method

L aboratory-prepared

ixture % Recovery® of RPG % Recovery® of PGL % Recovery® of RGL
Intact drug Degradate®  D'at Dat D'at Dlat D'at Dat D%t D%at D%t
(ng.ml™) (ng.ml’) 26379 nm 264.33nm 304.84nm 253.35nm 284.05nm 276.31nm 307.95nm 287.73nm 325.67nm

45.00 5.00 98.34 98.14 98.79 101.23 99.68 99.33 100.78 100.42 100.46
35.00 15.00 99.13 98.38 99.07 101.00 99.47 98.93 101.09 100.62 99.72
25.00 25.00 99.25 98.50 99.17 101.43 99.70 99.52 101.72 101.97 100.25
15.00 35.00 99.26 99.12 99.27 101.36 99.87 99.59 101.94 100.09 99.11
5.00 45.00 99.38 99.44 101.01 101.27 100.20 98.51 101.62 101.13 99.86

Mean (%) 99.07 98.71 99.46 101.26 99.78 99.18 101.43 100.84 99.88

RSD (%) 0.423 0.543 0.890 0.163 0.272 0.456 0.473 0.726 0.522

3acid, alkaline and oxidative-degradates of each studied oral hypoglycemic drug, respectively. ®"Mean of three deter minations
TABLE 2(b) : pH-induced differencespectrophotometric[DD"] method

L abor artnci)rx)t/l-fr);epared % Recovery® of RPG % Recovery® of PGL % Recovery® of RGL

Intact drug Degradate® DD'at DD'at DD?at DD'at DD'at DD?at DD%at DD?at DD%at
(ng.ml}) (ng.ml'))  258.04nm 261.82nm 252.80nm 242.81nm 243.41nm 253.12nm 275.90nm 272.00nm 267.40nm

45.00 5.00 98.95 101.12 98.64 98.16 98.18 100.41 99.87 101.02 101.70
35.00 15.00 99.69 101.45 99.51 98.51 98.10 100.05 100.40 101.44 100.60
25.00 25.00 99.77 101.50 99.86 98.50 98.38 99.62 101.91 101.16 101.57
15.00 35.00 99.85 101.84 100.44 98.45 98.34 99.73 101.63 100.91 101.77
5.00 45.00 100.98 100.82 101.38 98.55 98.20 100.40 101.51 99.86 101.02

Mean (%) 99.85 101.35 99.97 98.44 98.24 100.04 101.06 100.88 101.33

RSD (%) 0.730 0.384 1.027 0.162 0.119 0.365 0.871 0.598 0.499

3acid, alkaline and oxidative-degradates of each studied oral hypoglycemic drug, respectively. ®"Mean of three deter minations

spectra[ DD?] was computed for determinationof last  asshowninfigure 25 (c) and 26 (¢). RGL can beaso
mentioned two drugs in presence of their oxidative- determined in presence of its ‘acid and oxidative-
degradatesat 252.80 nm and 253.12 nm’, respectively — degradates’ and its alkaline-degradates at 275.90 nm
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TABLE 3: Quantitativedeter mination of thestudied drugsin their phar maceutical prepar ationsby the proposed spectropho-
tometric methods

Claimed
Pharmaceutical amount Charge- lon-pair Derivative spectrophotometric pH-induced difference
. transfer a i a
preparation per method method spectrophotometric method
tablet method
Diarol® tablets, 2mg D'at D'at D'at DD'at DD%at DD%at
B.N.: 1018 RPG 518.00nm  414.00nm 263.79nm  264.33nm  304.84nm  258.04nm  261.82nm  252.80nm
Amount found (%) 99.75 99.03 99.30 99. 80 100.71 99.45 100.21 99.73
RSD (%) 0.666 0.958 0.712 1.294 1.143 0.541 0.746 0.994
®
Af;glzgt';e 45mg ssoonm . Da Dlat D2t DDt DDat DD%t
BN 35"13 PGL ) 253.35nm  284.05nm  276.3lnm  242.81nm  243.41nm  253.12nm
Amount found (%) 98.41 100.33 99.74 99.20 99.81 99.41 99.72
RSD (%) 0.670 0.869 1.241 0.428 1.004 0.989 0.787
Rosizone®
tablets, 4mg e 0onm 415.00nm D%t D%t D%t DDt DD%t DD%t
B.N.: RGL ) ) 307.95nm  287.73nm  325.67nm  275.90nm  272.00nm  267.40nm
M T 0410208
Amount found (%) 100.22 101.29 100.86 99.85 99.43 100.98 101.39 101.54
RSD (%) 0.610 0.632 0.635 0.399 1.243 0.767 0.133 0.276

3for acid, alkaline and oxidative-degradates of each studied oral hypoglycemic drug, respectively
TABLE 4(a) : Charge-transfer and ion-pair spectrophotometric methods

Pharmaceutical Authentic Charge-transfer method Pharmaceutical Authentic lon-pair method
preparation added  “o4Recovery® %Recovery®  Preparation added "o Recovery?® % Recovery? % Recovery?

(ng.mi™) (ngmi?) of RPG of RGL (ugml™)  (ugm™)  ofRPG  of PGL  of RGL
50.00 50.00 98.38 100.93 5.00 5.00 98.25 100.30 101.47
50.00 100.00 99.03 98.95 5.00 10.00 98.01 99.41 100.93
50.00 150.00 99.33 101.21 5.00 15.00 99.85 98.21 101.13
50.00 200.00 99.77 100.09 5.00 20.00 98.81 98.66 99.98
50.00 250.00 100.74 100.02 5.00 25.00 99.61 98.44 99.37
Mean (%) 99.45 100.24 Mean (%) 98.91 99.00 100,57

RSD (%) 0.885 0.885 RSD (%) 0.810 0.852 0.837

aMean of three determinations

TABLE 4(b) : Derivativespectrophotometric[D"] method

Pharmaceutical Authentic % Recovery® of RPG % Recovery® of PGL % Recovery®of RGL
preparation added D'at DTat DTat DTat D'at DZ%at DZ%at DZ%at DZ%at
(ug.ml™) (hg-ml™)  263.79nm 264.33nm 304.84nm 253.35nm 284.05nm 276.3lnm 307.95nm 287.73nm 325.67nm

7.50 7.50 98.34 98.14 9879 10123  99.68 99.33  100.78  100.42  100.46

7.50 15.00 99.13 98.38 99.07  101.00  99.47 9893  101.09 10062  99.72

7.50 22.50 99.25 98.50 99.17 10143  99.70 9952 10172 10197  100.25

7.50 30.00 99.26 99.12 99.27 10136  99.87 9959  101.94  100.09  99.11

7.50 37.50 99.38 99.44 10101  101.27 10020 9851  101.62 10113  99.86
Mean (%) 99.07 98.71 99.46 10126  99.78 99.18 10143  100.84  99.88

RSD (%) 0.423 0.543 0.890 0.163 0.272 0.456 0.473 0.726 0.522

aMean of three determinations

and 267.40 nm’ and 272.00 nm by computing third de- Method validation

rivative[DD?] and second derivetive[ DD?] of AA spec- ICH guidelines? for validation method werefol -
traasshowninfigure27 (aand b) and (c). lowed, whereal| validation parameterswereshownin
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TABLE 4(c) : pH-induced difference spectrophotometric [DD"] method

Pharmaceutical Authentic % Recovery® of RPG

% Recovery® of PGL % Recovery® of RGL

preparation added “ppTat DD'at DD%t  DD'at  DDat  DD%t  DD%at DD’ DD%t
(ug.mi™) (ngml™) 258.04nm 261.82nm 252.80nm 242.81nm 243.41nm 253.12nm 275.90nm 272.00nm 267.40nm
7.50 7.50 9895 10112  98.64 98.16 9818 10041  99.87  101.02  101.70
7.50 15.00 9969 10145 9951 98.51 98.10  100.05 10040 10144  100.60
7.50 22.50 99.77 10150  99.86 98.50 98.38 9962 10191  101.16 10157
7.50 30.00 99.85  101.84  100.44  98.45 98.34 99.73 10163 10091  101.77
7.50 37.50 100.98  100.82  101.38 9855 9820 10040 10151  99.86  101.02
Mean (%) 99.85 10135  99.97 98.44 9824 10004 10106  100.88  101.33
RSD (%) 0.730 0.384 1.027 0.162 0.119 0.365 0.871 0.598 0.499

aMean of three determinations

TABLE5: Satistical comparison?between the proposed Spectrophotometric methodsand the official and manufacturer
methodsfor determination of thestudied drugs

Charge-

Methoc_j of transfer lon-pair Derivative spectrophotometric method pH-induced differ ence spectrophotometric
comparison method method
Parameters method
Official method® 518.00 41400 D'at263.79 D'at264.33 D%at304.84 DD%at258.04 DD'at261.82 DD?at252.80
(RPG) nm nm nm nm nm nm nm nm
Mean + 99.44 + 99.63 +
sD. 100.50 + 0.975 99.75+0.664 " oon 0660 9952£0.710 100.19£0.665 99.58+0.692 100.24+0.923 99.73+0.527
t-test 1.56 1.99 1.80 2.20 0.65 1.89 0.48 1.69
F-test 2.16 1.25 2.12 1.89 2.15 1.98 1.12 343
Manufacturer 416.00 D'at253.35 D'at284.05 D%t276.31 DD%at242.81 DD'at243.41 DD%t253.12
Parameters c
method® (PGL) nm nm nm nm nm nm nm
Mean £ 10011+  99.97 + 99.90 +
SD. 100.73 + 0.897 0.452 0.455 oapg 99600803 99.02+0.758 99.78+0.853 100.27 +0.547
t-test 151 1.84 2.01 1.70 1.69 1.88 1.07
F-test 3.94 3.89 3.67 1.25 1.40 111 2.69
Manufacturer 518.00 41500 D?at307.95 D?at287.73 DZt325.67 DD%at275.90 DD?at272.00 DDat267.40
Parameters d
method® (RGL) nm nm nm nm nm nm nm nm
Mean £ 99.36+  99.99+ 99.65 +
SD. 100.35+0.958  100.22+0.611 ~'oar 0811 0039 99510476 100.16+0.763 99.49+0.732 99.32+0.831
t-test 0.27 2.20 0.70 1.28 1.93 0.37 1.75 1.99
F-test 2.46 3.19 1.39 1.04 4,05 1.58 171 1.33

aThe theoretical values of t and F at P = 0.05 are (2.23) and (5.05), respectively where n=6. *The Official Method for RPG
determination; C18 column (125x4.6 mm), M ethanol: Buffer”’monobasic potassium phosphate solution(1 in 1000)” [adjust with
phosphoric acid to apH 2.5] (80:20) asa mobile phase; Temperature = 45°C; “UV detection at 240 nm”. “The M anufacturer M ethod
obtained from Amoun Phar maceutical Company for PGL deter mination; C18 column (250x4.6 mm), Acetonitrile: 1 M Ammonium
acetate: Glacial acetic acid (25:25:1) asa mobile phase; “UYV detection at =269, respectively. “The M anufacturer M ethod obtained
from Apex Phar maceutical Company for RGL determination; C18 column (2504.6 mm), Potassium dihydrogen phosphate buffer
(pH= 3.0): Acetonitrile: M ethanol (65: 25: 10) as a mobile phase; “UV detection at 235 nm”

TABLE 1 (a, b and ¢). In the adopted spectrophoto-
metric methods, thelimitsof detection (LOD) andlim-
itsof quantitation (LOQ) were determined using the
formula: LOD or LOQ = kSDa/b, where k=3.3 for
LOD and 10for LOQ. SDaisthe standard deviation
of theintercept, and b isthe dope. Threedifferent con-
centrations of each studied drug (inthelinear range)
were analyzed by the proposed spectrophotometric
methodsin threeindependent seriesin the same day
(intra-day precision) and three consecutive days (inter-

day precision) within each seriesevery concentration
wasexamined threetimes. TheRSD % vauesof intra-
andinter- day studies showed that theintermediate pre-
cision of the proposed methodswere satisfactory. The
ruggedness of the adopted spectrophotometric meth-
odswasassessed by applying the proceduresusing two
different sources of solvents, methanol and acetonitrile
supplied from Riedel -de Haen and Fisher; results ob-
tained werefound to be reproducibleas RSD did not
exceed 2 %. Robustness of the spectrophotometric
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procedureswas determined by eva uating theinfluence
of small variation of experimenta variables: CLA con-
centration (charge-transfer method), BPB concentra-
tionand pH of phthaate buffer (ion-pair method) and
“HCl and NaOH” concentration used in (pH-induced
difference spectrophotometric method); wheretheca-
pacity of the method remained unaffected by smal de-
liberatevariations. Theresults obtained from both rug-
gednessand robustness provided an indicationfor the
reliability of the proposed methods during routinework.

Solution stability waseva uated, inwhichthe stan-
dard solutionsand thereagents sol utionswere subjected
tolongterm (8 days) stability studies. The stability of
the solutionskept in refrigerator and thosekept onbench
was studied by performing the experimentsand esti-
mate their recoveries then compared with those of
freshly prepared solutions. It wasfound that solutions
kept inrefrigerator are stable up to 7 dayswhile that
kept on bench are stablefor only 3 days.

Degradation behaviors of the studied drugswere
investigated by the proposed stability-indicating spec-
trophotometric methods, where RPG, PGL and RGL
weredeterminedinsolutionscontaining different amounts
of their acid, alkalineand oxidative-degradatesby [D"]
and [DD"] spectrophotometric methods. The Recov-
ery % and R.S.D. % proved ahigh specificity of the
adopted gability-indicatingmethodsasshownin TABLE
2 (aandb), wherethestudied hypoglycemicdrugscould
be determined in the presence of their degradates (up
to 90 %).

Molar absorptivity valueof charge-transfer method
for (RPG and RGL) with CLA wasfound as 1.23x10°
and 8.67x10?(L.mol*.cmt), respectively and that of
ion-pair method for (RPG PGL and RGL) with BPB
wasfound as8.86x10%, 6.95x10°and 7.06x10%(L.mol-
1cmr?), respectively. Sanddll’s sensitivity!? (S) repre-
sentsthenumber of microgramsof the determinant per
milliliter of asolution having an absorbance (A) of 0.001
for apathlength (1) of 1-cm. Thus, S=103/a=pugcnr
2where, aisthespecificabsorptivity anditsvaue(inml
g! cm?) correspond to the determinant in a cuvette
with an optical length of 1-cm. Also, a= (b/molecular
weight of the drug under study)=1000, whereb = mo-
lar absorptivity =A/Cl, where Cisthe molar concen-
tration of the determinant and | = 1-cm path length.
Sanddll’s sensitivity was found to be 0.367 and 0.412

Hnalytical CHEMISTRY o

pg.cm?for charge-transfer method of (RPG and RGL)
with CLA, respectively and 0.051 ug.cnr?for ion-pair
method for all hypoglycemic drugsunder study with
BPB.

Theaccuracy of proposed methods was demon-
strated by recovery experiments, using standard addi-
tion technique, where the percentage of RSDs can be
considered to be very satisfactory. Theanalytical re-
sultsof the pharmaceutical preparationsand the stan-
dard addition techniqueof the studied drugsby thepro-
posed spectrophotometric methods were summarized
iINTABLE 3and TABLE 4(a, b and c), respectively,
suggesting that thereisno interferencefrom any excipi-
ents present normally in tabl ets.

All theobtained resultswere statistically compared
to the officia method used for RPG analysisand the
manufacturer methodsused for PGL and RGL andysis,
respectively, wherethereisNo significant differences
werefound asshownin TABLEDS.

DISCUSSION

Theaim of thisstudy wasto develop simple, fast,
validated and very economic methodsfor analysis of
RPG PGL and RGL inpureformsandinther pharma
ceutical preparations. Two selective, smpleand less
time consuming visible spectrophotometric methods
were described for analyzing (RPG and RGL) and
(RPG, PGL and RGL) using CLA and BPB reagents,
respectively. The proposed stability-indicating methods
(derivativeand pH-induced difference spectrophotom-
etry) provide accurate, specific and reproducible quan-
titative anaysis of the studied drugsinthe presence of
their acidic, akalineand oxidative degradation prod-
ucts. ICH guiddineswerefollowed throughout the study
for method validation and stresstesting, thehigh recov-
ery percentageand low relative standard deviation re-
flect the high accuracy and precision of the proposed
methods; moreover the adopted methods are easy, ap-
plicableto awiderange of concentration, besidesbe-
ing lesstime consuming, highly cost-effectiveand de-
pending on smpleand avail ablereagents, thusoffering
economicand acceptablemethodsfor theroutinequdity
control analysisof drugsin bulk powder and intheir
pharmaceutical preparationswithout interferencefrom
common excipients.
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