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ABSTRACT KEYWORDS
Five accurate, precise and sensitive methods were developed for the de- Second derivative;
termination of Quetiapine fumarate (QF) in presence of its degradation Derivativeratio;
product. Method (A) was based on second derivative spectrophotometry TLC:
2D, then measuring the amplitude at 266 nm. Method (B) was depended on HPL('Z'

measuring the peak amplitudes of the first derivative of the ratio spectra
DD at 244, 285 and 344 nm. Method (C) was based on the separation of the Quetiapine fumarate;
drug from its oxidized degradation product followed by densitometric mea- . 3
surement of the intact drug band at 302 nm. The separation was carried out Degradatl on product;
on Fluka TLC plates of silicagel 60 F,, using ethyl acetate/ methanol /10% Stability indicating methods.
ammonium hydroxide (8.5:1:0.5 by volume) as a mobile phase. Method (D)

was high performance liquid chromatographic one, separation by HPLC

was achieved using an Eclipse XDB C18RP-column and methanol / water

in aratio of 80:20 (v/v) as a mobile phase. The flow rate was 1ml/min.

Method (E) was based on the reaction of QF with P-Chloranilic acid (P-

CA) in presence of its degradation product. Linearities were obtained in

concentration range 10 — 60 ug/ml in case of methods (A) and (B). Whilein

case of methods (C) and (D), linearities were obtained in concentration

range of 4-20 pg/band and 1-20 pg/ml respectively. While in method (E),

the linearity was achieved in the range of 40-400 pg/ml. In method (A), the

mean percentage recovery was 99.9 + 0.6%. In method (B) the mean per-

centage recoveries were 99.9 + 0.4%, 99.2 + 0.8% and 99.4 + 0.8% at 244,

285 and 344 m respectively. Method (C) showed percentage mean recov-

ery of 99.9 + 0.7%, while in methods (D) and (E) were 99.8 = 0.7% and 99.9

+ 0.4% respectively. The degradation product was obtained in oxidative

stress condition, separated, and identified by IR and MS spectral analysis,

from which the degradation product was confirmed, and the degradation

pathway was suggested. The five methods were found to be specific for

QF in presence of different concentration % of its degradation product.

The proposed methods were validated according to ICH guidelines Q2

(R1). The five proposed methods were successfully applied for the deter-

mination of QF in Seroquel tablets. Statistical comparison between the

results obtained by these methods and that obtained by the manufacturer

method for the determination of the drug was done, and it was found that

there was no significant differences between them.
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INTRODUCTION

Quetiapinefumarate (QF) is 2-[2-(4-Dibenzo b,
f] [1, 4] thiazepin-11-yl-1-piperazinyl) ethoxy] ethanol
fumarate (2:1).

Quetiapinefumarateisadibenzothiazepine atypi-
cal antipsychotic drug™. It isreported to have affinity
for serotonin (5-HT ), histamine (H,), and adrenergic
(o, and a.,) receptors aswell as dopamine D, recep-
torg?. Quetiapineisused inthetreatment of schizo-
phreniaand of maniaassociated with bipolar disorder
and tried as an antipsychotic in patientswith Parkin-
sonismiY,

N/"\V/O\_/\OH

(2
Sructureof quetiaping” molecular for mula:
(C,HxN,0,9),, C,H,0,; Mol. weight 883.1
Structure of Quetiapine” Molecular formula:
»H,sN,0,5), C,H,0O,; Mol. weight 883.1
No stability indicating methodshave been cited in
theliteraturefor determination of QFin presenceof its
degradation product. Few reported methodswere con-
cerned with determination of QF aloneinvolvingtitri-
metric method™ and HPL C methods*. Thereforethis
work presented amethod for preparation of degrada-
tion of QF that was produced under the stress condi-
tionsmentionedinthelnternational Conferenceon Har-
monization (ICH) guiddinesQ2 (R1)!" followed by five
stability indicating methodsfor itsdetermination.

(C

EXPERIMENTAL

I nstrumentation

UV-Visible spectrophotometer (Unicam UV 300,
Kyoto, Japan). Infrared (IR) spectrophotometer - Vec-
tor 22 (Bruker Optics, Ettlingen, Germany). M S spec-
trometer instrument-GC-M S-QPIO00EX quadruple
spectrophotometer equi pped with e ectron multiplier
detector (Shimadzu-Japan), Shimadzu CS-9301 PC
dual wavelength flying spot scanning densitometer
(Shimadzu, Tokyo, Japan), thinlayer chromatographic
plates precoated with silicagel 60 F,,, 10x20 cm were
obtained from Fluka (Switzerland, Germany) and

HPLC, (Agilent 1200, Wa dbronn, Germany) consists
of Agilent quaternary pump, equipped with variable
wavelength detector, 20 pl volume injection loop and
Eclipse XDB C18RP-column (150x4.6 mm i.d.).

Reference sample

Quetiapinefumarate (QF)- Puresamplewaskindly
supplied by AstraZeneca pharmaceutical's, batch num-
ber 4009430021, (Cairo, Egypt). Itspurity wasfound
tobe99.3+0.5% according to manufacturer method®.

Phar maceutical formulation

Seroquel tablets- Manufactured by AstraZeneca
(Cairo, Egypt). batch number 100120 |abeled to con-
tain 25 mg of QF in each tabl et.

Degraded sample (QF deg)

QF (400 mg) was dissolved in 30 ml methanol.
Then 20 ml agueous sol ution containing 2 gm potas-
sium permanganate and 82.4 mg disodium hydrogen
phosphate was added to the QF solution. Thesolution
was sonicated for 30 minutes, and then extracted with
chloroform (3x20ml). Theagueouslayer wasacidified
with about 40 ml dilute sulphuric acid and 4 ml metha-
nol and warmed to decompose excess potassium per-
manganate and to dissol vethe formed manganese di-
oxide, Theaqueouslayer wasfurther extracted with
chloroform (2x20ml) and rendered just alkaline
(pH~7.5) using aqueousdilute sodium hydroxide, then
re-extracted with 20 ml chloroform. The organic ex-
tracts were combined together and evaporated under
vacuumtill dryness Theresduewasquantitetively trans-
ferredinto a100-ml volumetric flask then dissolvedin
methanol and the volumewas compl eted to the mark
with the same solvent and filtered’®¥. The degraded
solution wastested for complete degradation by TLC
using ethyl acetate/ methanol /10% ammonium hydrox-
ide(8.5:1:0.5 by volume) asamobile phase. Only one
spot was observed not corresponding to QF. The de-
graded sol ution was used to suggest the methods.

From QF degraded solution, 20 ml was taken,
evaporated to drynessand theresiduewasdissolved in
10 ml methanol. The solution was applied as separate
compact bands 20 mm from the bottom of TLC plates
using 25 pl Hamilton micro syringe. The plateswere
deve oped using the previoudy mentioned mohbile phase.
The degradate was extracted with methanol. Theor-
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ganic solution was evaporated and subjectedto IR and
M S spectral scans.

Reagents

Methanol, ethyl acetate, methanol and ammonium
hydroxide 10% and acetonitrile,; (Merck, Munich, Ger-
many). P-chloranilicacid (P-CA) (2.5Mx10?3), potas-
sumdihydrogen phosphaeand potass um permanganre;
(Sigma, Aldrich, USA). Methanol HPLC grade;
(Prolabo, VWR Internationd , West Chester, PA).

Sandard solutions

(a) QF stock standard solutions

*  (Img/ml) inmethanol for methodsA,B,C and D,
prepared by dissolving 0.1 gm of QFina100- ml
volumetric flask then thevolumewascompleted to
themark with methanol.

*  (4mg/ml)inmethanol for method E, prepared by
dissolving 0.4 gm of QF ina100-ml volumetric
flask then the volume was compl eted to the mark
withmethanal.

(b) QF working standard solutions

*  (0.2mg/ml) in methanol for methodsA and B, pre-
pared by transferring 20 ml of QF stock standard
solution (1 mg/ml) ina100- ml volumetric flask
then the volume was completed to the mark with
methanol.

* (0.02mg/ml) inthemobile phasefor method D,
prepared by transferring 2 ml of QF stock stan-
dard solution (1 mg/ml) ina100-ml volumetricflask
then the volume was completed to the mark with
mobile phase.

*  (2mg/ml) in acetonitrilefor method E, prepared by
transferring 50 ml of QF stock standard solution
(4mg/ml) ina100-ml volumetricflask thenthevol-
umewas compl eted to the mark with acetonitrile.

Degradation solutions

(a) QF stock degraded solutions (QF deg)

*  (Img/ml) inmethanol for methodsA, B, Cand D,
prepared as mentioned under degraded sample.

*  (4mg/ml) in methanol for method E, prepared as
mentioned under degraded sample.

(b) QF wor king degraded solutions (QF deg)

*  (0.2mg/ml) in methanol for methodsA and B, pre-
pared by transferring 20 ml of QF stock degraded
solution (1 mg/ml) ina100- ml volumetric flask

Hnalytical CHEMISTRY o

then the volume was completed to the mark with
methanal.

* (0.02mg/ml) inthemobile phasefor method D,
prepared by transferring 2 ml of QF stock degraded
solution (1 mg/ml) ina100-ml volumetricflask then
thevolumewas completed to themark withmobile
phase.

*  (2mg/ml) in acetonitrilefor method E, prepared by
transferring 50 ml of QF stock degraded solution
(4mg/ml) ina100-ml volumetricflask thenthevol-
umewas compl eted to the mark with acetonitrile,

L aboratory prepared mixturescontaining differ-
ent ratiosof QF and itsdegradation product
(&) Methods(A) and (B)

Aliquots (2.7 - 0.3 ml) of QF working standard
solution (0.2 mg/ml) equivaent to (540—- 60 pg) were
accurately transferred into aseriesof 10-ml volumetric
flasks. Aliquots(0.3—2.7 ml) of QF deg working solu-
tion (0.2 mg/ml) equivalent to (60 — 540 pg) were
added, the volume was compl eted with methanol to
prepare mixtures containing 10 - 90 % of the degrada
tion product.

(b) Method (C)

Aliquots(4.5- 0.5ml) of QF stock standard solu-
tion (1 mg/ml) equivaent to (4.5—0.5 mg) were accu-
rately transferredinto aseriesof 5-ml volumetricflasks.
Aliquots (0.5 4.5 ml) of QF deg stock solution (1
mg/ml) equivaent to (0.5 — 4.5 mg) were added to
prepare mixtures containing 10 - 90 % of the degrada-
tion product.

(c) Method (D)

Aliquots(9- 1 ml) of QF working standard solu-
tion (0.02 mg/ml) equivaent to (180 — 20 ug) were
accurately transferred into aseriesof 10-ml volumetric
flasks. Aliquots (1—9 ml) of QF deg working solution
(0.02mg/ml) equivaent to (20— 180 ug) were added
to prepare mixtures containing 10 - 90 % of thedegra-
dation product.

(d) Method (E)

Aliquots(1.8—0.2 ml) of QF working standard so-
lution (2 mg/ml) equivaent to (3.6—0.4 mg) were accu-
rately trandferredinto aseriesof 10-ml volumetricflasks.
Aliquots(0.2— 1.8 ml) of QF deg working solution (2
mg/ml) equivalent to (0.4 — 3.6 mg) were added, the

Au Tudian Yournal



ACAIJ, 12(7) 2013

Nesrin K.Ramadan et al.

267

> Review

volumewascompleted with acetonitrileto preparemix-
tures containing 10 - 90 % of the degradation product.

Congtruction of thecalibration graphsfor method
(A)[*D]

Aliquats(05,1, ........ 3.0 ml) of QF working stan-
dard solution (0.2 mg/ml) weretransferredinto aseries
of 10-ml volumetricflasks. Thevolumewasthen com-
pleted to mark with methanal.

The zero-order spectra were recorded then 2D
spectraof each solution wereobtained withAL=4 nm
and scaling factor 10. The peak amplitudesat 266 nm
were measured. Linear calibration curve was con-
structed relating the peak amplitudes at 266 nmto the
corresponding concentrations of QF and the corre-
sponding regression equati on was computed.

Construction of thecalibration graph for method
(B) ['DD]

Alternaively, thezero-order spectraof theprepared
solutionsfor method (A) weredivided by the spectrum
of 10 ug/ml of its degradation product and the ratio
spectrawereobtained. Thenthefirst derivative of the
ratio spectra'DD with AL = 4 and scaling factor 10
were obtained. The peak amplitudesof thefirst deriva
tiveof theratio spectraat 244, 285and 344nm (‘DD,,,,
'DD,,, 'DD,,,) were measured. Linear calibration
curveswere constructed rel ating the peak amplitudes
of thefirst derivative of theratio spectraat 244, 285
and 344 nmto the corresponding concentrations of QF
and the regression equationswere computed.

Construction of thecalibration graph for method
(©)[TLC]

Aliquots(1, 2....., 5 ml) of stock standard solu-
tion (Img/ml) weretransferredinto aseriesof 5-ml volu-
metric flasks. Thevolumewasthen completed to mark
with methanol. Twenty pl of each solution were spot-
ted on TLC plates, usng Camag Linomat autosampler
withmicrosyringe (25 pl), the following mentioned chro-
matographic conditionswere adopted. The scanning
profilefor QF was obtained. Thecalibration curvere-
lating the integrated areaunder the peak to the corre-
sponding concentration was constructed and the re-
gression equation was computed.

e Chromatographicconditions

Theplateswerefirst washed and developed with

themobile phaseby mixing ethyl acetate/methanol/am-
monium hydroxide10% (8.5:1.0:0.5 by volume), then
activated for 15 minutesby placinginanovenat 100°C
before use. For detection and quantitation, 20 pl of
prepared standard sol utionswere applied as separate
compact bands 20 mm gpart and 15 mm from the bot-
tom of the plates. The chromatographic tank was satu-
rated with the mobile phasefor 15 minutes. The plates
were developed (over adistance of 15 cm) inan as-
cending manner, air-dried, and the plateswere scanned
under thefollowing conditions:

- Sourceof radiation: deuterium lamp

- Scanmode zigzagmode

- Sitdimension: 3mmx 0.45mm

- Scanning speed: 20 mm/s

- Output: chromatogram and integrated peak area

- Wavelength: 302nm

- Photomode: Reflection

- Swingwidth: 10mm

Construction of thecalibration graph for method
(D) [HPLC]

Aliquots (0.5, 2, 4, 6, 8, 10 ml) of working stan-
dard (0.02mg/ml) weretransferred into aseriesof 10-
ml volumetric flasks Thevolumewasthen compl eted
to mark with themobile phase. Using 25 pl syringe, 20
ul volume of each solution wasinjectedintriplicates
into theliquid chromatograph under thefollowing chro-
meatogragphic conditions:

- Column: Edipse XDB C18 RP (150 mmx 4.6 mm
[.D)

- Mobilephase: Methanol / Water (80:20v/v), it was
filtered using 0.47 um Teflon membranefilter and
degassed. Thesampleswered sofiltered using 0.47
umTeflonfilters.

-  Howrae 1Iml/min

- Wavdength: 302nm

- Columntemperature: roomtemperature
Therelative peak area(using externa standard of

20 ug/ml of QF) was plotted against the corresponding

concentration of QF and the regression equation was

computed.

Construction of thecalibration graph for method
(E)[P-CA]

Aliquots(0.2,0.4,0.8,1.2, 1.6, 2ml) of working
standard (2 mg/ml) weretransferred into a series of
10-ml volumetric flasksthen 2 ml of P-CA (2.5M x

— a%a['yttaa[’ CHEMISTRY

Hn Tndéan g%wumé



268

Different stability-indicating methods for the determination of quetiapine fumarate

ACAIJ, 12(7) 2013

Review

10®wasadded and the volumewas completed to mark
with acetonitrile. Thereaction wasalowed to proceed
at room temperature. The absorbance of the purple
color was measured at 525 nm and thecalibration curve
was plotted rel ating the absorbance intensity to the cor-
responding concentration of QF and the regression
equation was computed.

Application of theproposed methodstotheanaly-
sisof laboratory prepared mixturesof intact drug
and itsdegradation product

(a) Methods(A) and (B)

The absorption spectraof thelaboratory prepared
mixtureswererecorded. Then the procedureswerecom-
pleted as described in subsection of Construction of
the calibration graphs. The concentrationsof QF were
caculated by substituting in the corresponding regres-
sonegquations.

(b) Method (C)

Aliquotsequivaent to twenty pl from the prepared
mixturesin of thelaboratory prepared mixtureswere
spotted on TLC plates and the procedure was com-
pleted as described in subsection of Construction of
the calibration graph and the concentrations of QF
were cal culated from the corresponding regression
equation.

(c) Method (D)

Aliquotsequivaent to twenty pl from the prepared
mixturesin of thelaboratory prepared mixtureswere
injected into theliquid chromatograph and the proce-
durewas compl eted as described i n subsection of Con-
struction of the calibration graph and the concen-
trations of QF were cd culated from the corresponding
regression equation.

(d) Method (E)

Theabsorptionintenstiesof thelaboratory prepared
mixtureswererecorded. Then the procedurewas com-
pleted as described in subsection of Construction of
the calibration graphs. The concentrationsof QF were
ca culated by substituting inthe corresponding regres-
sonegquation.

Application of theproposed methodstotheanaly-
sisof QF in pharmaceutical preparation
(a) Methods(A) and (B)
Fivetabletswere weighed accurately and pow-
Hnalytical CHEMISTRY o

dered. An amount of powder equivalent to 25 mg of
QF was accurately weighed into a25-ml measuring
flask and extracted with 15-ml methanol in an ultra-
sonic bath for 30 minutes, diluted to volumewith the
same solvent and filtered. Suitabledilutionsweremade
using methanol to preparetabl et solution containing 0.2
mg/ml. Oneml of the solution was accurately trans-
ferred to a10-ml volumetric flask and was diluted to
volumewith methanol. Then the procedureswere com-
pleted as described under Construction of the cali-
bration graphs. The concentrations of QF were cal-
culated by substituting inthe corresponding regression
equations.

(b) Method (C)

Anamount of powder equival ent to 25 mg of QF
was accurately welghed into a25-ml measuring flask
and extracted with 15-ml methanol inan ultrasonic bath
for 30 minutes, diluted to volumewith the same sol vent
andfiltered. Twoml of the solutionwasaccuratdy trans-
ferred to a5-ml volumetric flask and was diluted to
volumewith methanol. Then the procedure was com-
pleted as described under Construction of the cali-
bration graphs. The concentrations of QF were cal-
culated by substituting inthe corresponding regression
equation.

(c) Method (D)

Thedosageformwas prepared asmentioned above.
Then suitabledilution was made using mobile phaseto
preparetabl et solution containing 0.02mg/ml. Threeml
of the solution was accurately transferred to a 10-ml
volumetric flask and was diluted to volume with the
mobile phase. Then the procedure was compl eted as
described under Construction of the calibration
graphs. The concentrations of QF werecalcul ated by
subgtituting in the corresponding regress on equiation.

System suitability tests

Capacity factor (K”), Selectivity factor
(o),Resolution (Rs), Tailing factor (T) and Column effi-
ciency werecal culated.

(d) Method (E)

Anamount of powder equivaent to 100 mg of QF
wasaccurately weighed into a25-ml measuring flask
and extracted with 15-ml methanol inan ultrasonic bath
for 30 minutes, diluted to volumewith the same sol vent
andfiltered. Suitabledilution with acetonitrilewas made
to prepare sol ution of concentration 2mg/ml. 0.4 ml of
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the solutionwasaccuratdy transferred toa10-ml volu-
metric flask and was diluted to volume with acetoni-
trile. Then the procedure was completed as described
under Construction of the calibration graphs. The
concentrationsof QF were calculated by subgtitutingin
the corresponding regression equation.

RESULTSAND DISCUSSION

Thestability of QF wasstudied accordingto ICH
guidelinesQ2 (R1)1" for:

(& StressAcidandAlkdine: 1M HCI/1M NaOH for
16 hrs, 2 M HCI/2 M NaOH for 16 hrsand 5M
HCI/5M NaOH for 4 hrsand for 5 hrs.

(b) OxidativeCondition: b,: 3%H,O, for 2hrs, 4 hrs,
6 hrsand for 10 hrs. b,: 10% KMnO,

(©) Thermal Degradation: At 100°C inan ovenfor 2
hrs, 4 hrs,andfor 6 hrs,

(d) Photo Degradation: UV lamp producing UVB ra
diationfor 6 hrs, 8hrs, and for 10 hrs.

QF showshighly stability to acidic, dkaline, photo,
and thermd conditions. The compound undergoes oxi-
dative degradation into sulphoxidederivative. Sothe
interest wasfocused on the oxidation of thecited drug
using KMnQ,. The degradation process under the pre-
vioudy mentioned conditionswasfollowed using TLC.
It isasingle component which confirmedby TLC as
indicated by the gppearance of one spot after complete
degradation.

Sincethiswork was concerned with the devel op-
ment of stability-indicating methodsfor the determina:
tion of QF, the degradation product was prepared in
laboratory as mentioned in the section of degraded
sample. Thestructure of theisolated acid degradation
product wasconfirmed using IR and M S spectroscopy,
(Figures 1-3).

Figure (1) showed the IR spectrum of intact QF,
whichischaracterized by sharp peak at 3316 cm? of
OH acoholic, and absence of bandsat 1650-1700 crmr
L of C=0 carboxylic. On the other hand the IR spec-
trum of QF deg (Figure 2) reveaed broad band at
3600-2800 cm'* of O-H carboxylic, band at 1734 cmr
1of C=0 carboxylic and band at 1656 cm* of C=N
and bands at 1226 and 1155 cm™ of sulfone. Mass
spectrum of QF deg (Figure 3) showed the Massof
C,H,/N.O,Sat M/Z 383. Thisfinding suggested the

19 17
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following degradation pathway indi cated that degrada-
tion product of QF hasthefollowing structure:
Methods(A) and (B)

Derivative spectrophotometry hasbeenfirst sug-
gested during thelast decades and soon becomeawel |
established techniquefor the assay of drugsin mixtures
andin pharmaceutical dosageforms. Thefirst and sec-
ond derivative methods can be applied for the determi-
nation of puredrugin presenceof itsdegradation prod-
ucts by selecting awavel ength where contribution of

N/\/o\/\OH
-,
N= ) N=
@E 9 - @E * oHO
S C,H,0, gs% EaR
2

aF QF deg

thedegradation productsis zero (or dmost zero) while
thedrugto be determined has areasonableval ug®*2,

Thezero-order spectraof QF and itsdegradation
product show an overlap, (Figure4), that preventsthe
useof direct spectrophotometric anaysisof thedrugin
the presence of itsdegradation product. In an attempt
toresolvethisoverlap, derivative method was gpplied.
First-derivativefaledto resolvethisoverlap (Figureb).
Upon examining the second-derivative spectraof the
drug and itsdegradation (Figure 6), it is noticed that
QF can bedetermined at 266 nm, wherethe degrada
tion product has no contribution and shows zero read-
ing.

Linearity of the peak amplitudesof therdationship
of the second derivative curvesto the corresponding
concentrationsof thedrug wasexamined at the sel ected
wavelength. The proposed method was found to be
validintherangeof 10— 60 pug/ml, and the regression
equation was computed and found to be:

2D, .= 0.003C + 0.001 r = 0.9997

266

Where®D, isthe peak amplitude at 266 nm respec-
tively, Cisthe concentration of QFin pg/mlandris
the correl ation coefficient.

The proposed method, was successfully applied
for the determination of thedrug in pure powder form
with mean percentages recovery of 99.9 + 0.6%,
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(TABLE 1).

Alternaively derivetiveratio spectramethod isasuc-
cessful andwiddy used application of derivativespectro-
photometrictechniquefor theresol ution of somebinary or
ternary pharmaceutica mixtures'>%,

Therefore derivativeratio spectrophotometry can
also beapplied. The zero-order absorption spectraof
QF weredivided by the spectrum of 10 ug/ml of its

344 nm with AL = 4 and scaling factor 10 (‘DD,,,
‘DD, ‘DD,,,) were obtained. The peak amplitudes
were measured at 244, 285 and 244 nm, (Figures7,8).

Thelinearity between the concentrationsof thedrug
and peak amplitudes at 244, 284 and 344 nm were
studied. Linear relationshipswereobtained intherange
of (10— 60 pg/ml) of QF, and the regression equations
were computed and found to be:

degradation product. Thisgavethebest compromisein  ‘DD,,,=0.0718C - 0.218 r =0.9994
termsof sengtivity, repeatabiility, and Signd-tonoiseratio.  'DD ,,,=0.1136 C - 0.314 r =0.9996
Thefirst derivetiveof theratio spectraat 244,285and 'DD,,, = 0.0738C - 0.216 r =0.9991
«0
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ml of QF (—) and 10 pg/ml of QF degraded (.....) in methanol
Where'DDisthe peak amplitude, C isthe concentra-
tion of QFin pg/ml and r is the correlation coefficient.

The proposed method was successfully applied
for the determination of thedrug in pure powder form
with mean percentages recoveries of 99.9 + 0.4%,
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Figure5: Firs derivative absor ption spectra of 30 pg/ml QF
() and 30 pg/ml of QF deg (- - -) in methanol
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Figure7: Zeroorder absor ption spectra of ratio spectra of
QF (10-60pg/ml) in methanol using 10pug /ml of QF degraded
asadivisor

99.2 + 0.8%, and 99.4 + 0.8% at 244, 285 and 344
nm respectively, (TABLE 1).

To study thetwo methods ruggedness, three differ-
ent concentrations (20, 30, 50 pg/ml) solution of QF
were analyzed using Unicam UV 30 spectrophotom-
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Figure8: First derivativeof ratio spectra (*DD) of QF (10~
60 pg/ml) and 10 pg/ml of QF degraded in methanol using
10pg/ml of QF degraded as a divisor
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Figure9: HPL C chromatogram of resolved mixtureof QF
(R=3.2min) and QF degraded (R = 1.7), (each of concentra-
tion 20pug/ml) using methanol/water (80:20v/v) as a mobile
phase
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Figurel0: Zeroorder absor ption spectraof: (1) QF —P-CA
complex, 200 pg/ml; (2) QF degraded— P-CA complex, 200
pg/ml; (3) QF in acetonitrile, 20 png/ml; (4) Reagent blank

eter instead of Shimadzu UV-Visible spectrophotom-
eter. TheresultinTABLE (1) proved thestability of the
methods upon change of theinstrument.

Hnalytical CHEMISTRY o

Asfor therobustness, determining (20, 30, 50 pg/
ml) solution of QFin ethanol assolvent instead of metha:
nol was studied, the methods demonstrated sufficient
sability, (TABLE1).

Method (C)

Denstometry isasmplemethod of quantitation di-
rectly on TLC plateby measuring theoptica density of
the separated spots 1617,

The proposed method isbased onthedifferencein
the R, values between theintact drug and its degrada-
tion product. The present work describesasensitive,
accurate and precise densitometric TLC method for
thequantitative determination of QF inbulk powder, in
dosageform andinthe presence of itsdegradation prod-
uct.

The suitable mobile phase has been selected to
achievethe best separation of thedrug fromitsoxida
tive degradation product; other necessary conditions
have been established.

Different solvent sysemswith different ratioswere
tried; separation of QF from its degradation product
was achieved upon using ethyl acetate/methanol/am-
monium hydroxidel0% (8.5:1.0:0.5 by volume). The
ingrumental conditionsfor denstometric measurement
such as scan mode and wavel ength detection were
optimized. The scan mode chosen waszigzag mode,
the scanning wavel ength was 302 nm. QF was com-
pletely resolved from its degradation product and its
R value was 0.54. On the other hand, the spot ob-
tained fromacid degradation had R value of 0.84. This
would permit quantitative determination of QF inpres-
ence of its oxidative degradation product.

Therelation between the concentration of QF and
theintegrated peak areaof thebandswasinvestigated.
Thelinear relation wastested, resultingin acorrela-
tion coefficient (r) of 0.9996 for the concentration range
of 4-20 pg/band with mean percentages recovery of
99.9+ 0.7%, (TABLE 1).

Tostudy themethod ruggedness, threedifferent con-
centrations (8, 12, 16 ug/ band) solution of QF were
performed intwo different |aboratoriesusngtwo differ-
entinstrument. Theresultin TABLE (1) proved thesta
bility of the method upon changeof theinstrumen.

Whilefor therobustness, determining (8, 12, 16 ug/
band) solution of QF in ethyl acetate: methanol : ammo-
nium hydroxide 10% (8.5:0.9:0.6 by volume) instead of
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ethyl acetate: methanol: ammonium hydroxide 10%
(8.5:1:0.5 by volume) asamobile phasewas studied,
themethod demongtrated sufficient stability, (TABLE 1).
Method (D)

High performanceliquid chromatography (HPLC)
isprobably the most powerful and versatiletool for

quantitative determination of many individual
componentsinamixturein onesingle procedure 29,

The proposed method isbased onthedifferencein
the R vaues between theintact drug and its degrada-
tion product. The present work describesasensitive,
accurate and precise HPL C method for separation and

TABLE 1: Reaultsof validation par ameter sof ther esponsesand ther egresson equationsobtained by the proposed methods

Method (A) Method (B)
Parameter s Dat DD at Method (C) Method (D) Method (E)
266 nm 244 nm 285nm 344 nm
Slope® 0.003 00718 0.1136 0.0738 0.0739 0.0495 0.0027
Intercept® 0.001 0.218 03147 0.216 0.0356 0.0065 0.0072
Correlation coefficients 0.9997 0.9994 0.9996 0.9991 0.9996 0.9996 0.9995
Concentration range 10-60 pg/ml  10-60 pg/ml  10-60 pg/ml  10-60 pg/ml 4-20 ug/band  1-20 pg/ml  40-400 pg/ml
oL 15 6.15 55 4.98 0.2 03 107
DL 05 2.03 18 151 01 01 35
Average accuracy® (%) 99.9 99.9 99.2 99.4 99.9 99.8 99.9
P ff{';g”(;)epeatab”'ty 90.8:02  99.6:0.1  995:027 98909  99.0:0.1  99.7:0.6  100.1%0.1
Lrielr{ggdi(?/to‘)e precision 99.9:0.1  1002+0.5  99.3+03  995:0.5  998:0.6 99804  100.21+0.135
Ruggedness®+ RSD (%)  100.9:04  1003:04  99.7:05  99.9:0.1  98.00:0981 1004:0.5  99.9:02
Robustness® = RSD (%) 100.8:03  99.9:08  99.8:08 99705  99.78:0.630 99706  99.9+0.8

N=6,°n=3x3,n=3

guantitative determination of QF in bulk powder, in
dosageform andinthepresence of itsdegradation prod-
uct.

Different mobilesystemsof different compositions
and ratiosweretried for separation of QF and QF deg.

A satisfactory separation of QF fromitsdegrada-
tion product was achieved upon using methanol : water
(80: 20 v/v) as amobile phase. QF was completely
resolved fromitsdegradation product. Respective R
valueswere3.2 and 1.7 minfor QF and QF deg, (Fig-
ure9). Thiswould permit quantitative determination of
QFin presenceof itsacid degradation product.

The proposed method wasfoundto bevalidinthe
rangeof 1—20 pg/ml, and the regression equation was
computed and found to be:

A =0.0495C + 0.0065 r = 0.9996

WhereA istherelative peak areaat 302 nm, Cisthe
concentration of QF in ug/ml and r is the correlation
coefficient.

Thelinearity waschecked and thecalibration curve
was constructed between the concentration of QF and

therelative peak area. The proposed method was suc-
cessfully applied for the determination of thedrugin
pure powder form with mean percentagesrecovery of
99.8+0.7%, (TABLE 1).

To study the method ruggedness, three different
concentrations (8, 12, 16 pg/ml) solution of QF were
performedintwo different |aboratoriesusngwater sys-
tem HPL C instrument instead of Agilent 1200, USA.
Theresultin TABLE (1) proved the stability of the
method upon changeof theinstrument.

Whilefor therobustness, determining (8, 12, and
16 pg/ml) solution of QFinmethanol: water (90:10vAV)
instead of methanol: water (80: 20 v/v) asamobile
phasewas studied, the method demonstrated sufficient
stability, (TABLE 1).

System suitability test parameterswere cal cul ated
to ensurethat the system isworking correctly during
theanayss. However, thecalculated Rsvaluewasal -
waysabove 2. Thesdectivity factor (o) was also greater
than 1, which ensures compl ete or 100% separation of
thedrug and the degradation product. Thetailing factor
was 1.5, which reved slinear isotherm pesk € utionwith-
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out tailling. Pek informationisgiveninTABLE 2.
Method (E)

7 receptor react with basic nitrogenous group com-
pounds as n-electron donor to form charge transfer
complexesor radical anionsaccording to the polarity
of the solvent used. QF can act asn-electron donors
through the basi ¢ nitrogen of amide group with subse-
guent formation of chargetransfer complexeswith n-
electron acceptor. In this part, the reaction between
QF (electron donor) and P-CA (el ectron acceptor) was

TABLE 2: Resultsof system suitability test obtained by ap-
plying theproposed HPL C method for the deter mination of
QFinitspurepowderedform

Compound QF Deg Referencevalud®
Retention time (min) 312 1.70
Capacity (K" 525 2.40 0.5< K'<10
Selectivity (o) 184 - >1
Resolution (Rs) 5.93 >15
Tailing factor (T) 150 0.85 0.8?T?15

RSD% of retentiontime 0.003 0.008

Increase with efficiency

2021 1130 of separation

Column efficiency

studied,optimized and used for quantitative determina-
tion QF.

A variety of electron donating compounds have
been reportedto yied charge-transfer complexesleads
totheir utility in the devel opment of smpleand conve-
nient colori metric methods 2,

Upon addition of QF solution in acetonitriletothe
golden ydlow solution of P-chloranilic acidin acetoni-
trile, apurplecolor wasobtained. This color was sug-
gestive of chargetransfer complex formation, which
confirmed by the appearance of A max at 525 nm as
showninFigure(10).

Various parameters affecting the reaction process
were studied, thereaction wasfound to be sensitiveto
thereagent volumeand it wasfound that 2 ml of P-CA
(2.5M x 10) was sufficient to give maximum absor-
bance.

In order to select the most gppropriate solvent, the
reactionwascarried out in different solventsasmetha:
nol, ethanol, acetone, acetonitrile, 1, 4-dioxanand 1,
2- dichloromethane. Acetonitrilewasfound to beideal
solvent. Thissolvent hashighionizing power whichd-
lows complete e ectron transfer from thedonor to the

Hnalytical CHEMISTRY o

acceptor moiety takes placewhichisfollowed by the
formation of radica aniong?,

Also the stability of the color was studied and it
was found that the devel oped color remain stable at
room temperature and reveal ed no change even after
60 minutes.

Under theoptimum experimenta conditionsthecdli-
bration graph was constructed by plotting absorbance
measured and the corresponding concentrations.

Theregress on equati on was computed and found
to be:

A=0.0027C-0.0072r=0.9995

A =theabsorbance, C =the concentrationin pug/ml, r
=thecorrelation coefficient.

The proposed method was successfully applied
for the determination of thedrug in pure powder form
with mean percentages recovery of 99.9 + 0.4%,
(TABLEY).

To study the method ruggedness, three different
concentrations (80, 160, 240 pg/ml) solutions of QF,
wereandyzed using Shimadzu UV-Vis ble spectropho-
tometer instead of Unicam UV 30 spectrophotometer.
Theresultsin TABLE (1) proved the stability of the
method upon changeof theinstrument.

Whilefor therobustness, determiningthe previoudy
mentioned concentrations of QF, using 2.5ml instead
of 2ml of P-CA and was studied, the method demon-
strated sufficient stability, (TABLE 1).

Thespecificity of the proposed methodswasproved
by the analysis of alaboratory prepared mixture con-
taining different percentages of the degradation prod-
uct. Method (A), was found to be specific for QF in
presenceof upto 70% of itsdegradation product, while
method (B) was specificin presence of up to 90% of
its degradation product at 285 nm, and up to 70% at
244 and 344 nm. In methods (C and D), the specificity
wasachieved in presence of up to 90% of itsdegrada-
tion product. Thespeificity of method (E) wasachieved
in presence of up to 50% of itsdegradate, (TABLE 3).

The usefulness of the proposed methods for the
andysisof QFin pharmaceutica preparationwasstud-
ied by assaying different batches of Seroquel tablets,
(TABLE 4). Standard addition techniquewasa so ap-
plied to assessthe validity of the proposed methods,
(TABLEA4).

Results obtained by the proposed methodsfor the
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determination of pure samplesof thedrug were tati sti- Linearity of each method was assessed by the de-
cally compared to those obtained by the Manufacture  termination of the same concentration rangeasthecdi-
method (3) of thedrug and nosignificant differencewas  bration curves, themean accuraciesaregivenin Table 1.
observed, (Table5). Theaccuracy of the proposed methodswastested

TABLE 3: Specificity of the proposed methodsfor the deter mination of QF in laboratory prepar ed mixturescontaining
different concentration of QF and QF deg

Methods (A) and (B) Method (C) Method (D) Method (E)
Concentration (wa/ml Concentration Concentration Concentration
(hg/mi) (ug/band) (ug/mi) (ug/m)
- Recovery Recovery Recovery Recovery
Degradation% oF % of % of % of % of Recovery Recovery Recovery
QF method method method method OF QF % of OF QF % of OF QF % of
(ng/ml) ( /6311) (A) at (B) at (B) at (B) at deg method deg method deg method
e 266 nm 244nm 285nm 344 nm © (D) (D)
D 'DD 'DD 'DD
10 54 6 99.0 99.8 99.0 99 18 2 99.7 18 2 1006 360 40 100.3
30 42 18 99.5 98.9 99.7 98 14 6 987 14 6 1009 280120 100.3
50 30 30 100.2 100.7 100.2 95 10 10 994 10 10 1008 200200 101.0
70 18 42 101.0 99.9 98.7 99.3 6 14 1001 6 14 100.0 120280 -
90 6 54 - - 100.0 - 2 18 985 2 18 1000 40 360 -
Mean 99.9 99.8 99.5 99.6 99.3 100.5 100.5
RSD% 0.9 0.7 0.6 0.3 0.7 04 0.4

TABLE 4: Quantitativedeter mination of QF in phar maceutical for mulation by theproposed methodsand resultsof application
of standar d addition technique

Phar maceutical formulation  Method (A) Method (B)
Method (C) Method (D) Method (E)
Seroqud tabletsB.N 100120 At 266 nm At 244nm At 285nm At 344 nm
Found %’ 99.9+0.3% 99.8+0.3 99.3+0.6% 100.0+02 995+0.3% 99.7+0.6% 100.17 + 0.650%

Recovery of standard added % 100.1+ 0.7% 99.6+0.2% 99.2+0.6% 99.7+0.1% 99.4+0.8% 99.8+0.4%  100.3+ 0.4%

* Aver age of three different determinations

TABLE 5: Satistical analysisbetween theresultsobtained for the deter mination of QF in pure samplesby the proposed
methodsand that obtained by themanufacturer method®

Method (B) M anufacturer's
Item Method (A) AN 2dATm  AL28Snm  AL344nm Method (C) Method (D) Method (E) M ethod* 13
Mean 99.9 99.9 99.2 99.4 99.9 99.8 99.9 99.3
S.D. 0.6 0.4 0.8 0.8 0.7 0.7 0.4 0.5
R.S.D.% 0.6 0.4 0.8 0.8 0.7 0.7 0.4 0.5
Variance 0.4 0.2 0.6 0.6 0.5 0.5 0.2 0.3
N 6 6 6 6 5 6 6 5
- test 17(2262) 20(2262) 02(2262) 02(2262) 15(2.306) 13(2262)  2.0(2.262) ;
F-test* 13(626) 15(2)  20(626) 20(626) 1764  17(626) 15052 ;

*Non aqueous titration (using glacial acetic acid as a solvent and 0.1M perchloric acid as a titrant, the end point was detected
potentiometrically); **Figures in parentheses are the corresponding tabulated values at p = 0.05

by analyzing freshly prepared solutionsof QF inftripli- Therepeatability and intermediate precisonwere
catewithinthelinearity range. Therecovery percent-  evauated by assaying freshly prepared solutionsof the
ages (recovery %) and relative standard deviations  drugintriplicate on the sameday and on three succes-
(RSD) revealed excellent accuracy (TABLE 1). sivedaysrespectively at concentrationswithinthelin-
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earity range for the 5 proposed methods. RSD%
(TABLE 1) showed the precision and the ruggedness
of themethods.

Validation of the proposed methodswas made by
measuring range, accuracy, precision, repegtability, in-
termediate precision, linearity, specificity, ruggedness
and robustness. Results obtained are depicted in
TABLES(1and 3). Thesedatarender the applicability
of the proposed methodsfor the quaity control of the
drugformulations.

The stability of QF in methanol has been deter-
mined by keeping onesampleinrefrigerator and other
inatightly capped volumetric flask placed at ambient
temperatureunder normd lighting condition. Thesample
were checked for assay in three success vedays of stor-
age and compared with freshly prepared sampleby the
proposed methods. The RSD% val ues of assay were
found to be below 2.0% in both cases. Thisindicates
that QF isstableinthesolution.
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