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ABSTRACT

Three simple, accurate and sensitive methods were developed for the de-
termination of triclabendazole (T CZ) in presence of its degradation prod-
uct. Method (A) was depending on third derivative spectrophotometry °D,
then measuring the peak amplitude at 266 nm. Method (B) was a TLC
method, using silica gel 60 F,,, plates; the optimized mobile phase was
ethyl acetate/ methanol/ ammonium hydroxide (8:1:0.2 by volume). The
spotswere scanned densitometrically at 300 nm. Method (C) wasan HPLC
method, performed on C18 column using acetonitrile/ 0.05M potassium
dihydrogen phosphate (60:40 v/v), the pH was adjusted to 3.5+0.2 with
ortho-phosphoric acid as a mobile phase with a flow rate of 1.5 ml/min.
Detection was performed at 300 nm. Linearity rangeswere 5—40 pg/ml for
method (A), 0.5—5 pg/band for method (B) and 0.5 — 5 pg/ml for method
(C), the mean percentage recoverieswere 100.0 + 1.0%, 100.5 +1.2% and
99.8+1.1% for methods (A), (B) and (C) respectively. The proposed meth-
odswere found to be specific for triclabendazol e in presence of up to 70%
of its degradation product for method (A) and 90% of its degradation
product for methods (B) and (C). Statistical comparison between the re-
sults obtained by these methods and the manufacturer’s method was done,
and no significance difference was obtained.
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INTRODUCTION

Triclabendazole (TCZ), 5-Chloro-6-(2,3-
dichlorophenoxy)- 2-(methylthio)benzimidazole,
scheme 1. It isabenzimidazole anthelmintic drug used
inveterinary medicinefor thetreatment of fasciolias's.
Itisasoincreasingly being usedinthetrestment of hu-
manfascioliass, andisunder investigationfor thetresat-
ment of human paragonimiasig?.

Literaturesurvey reved sfew andytica methodsfor
quantification of thedrug in pureform, in pharmaceuti-
cal dosageforms, inbiologica fluidsandinthe pres-
ence of itsmetabolitesincluding continuous wavel et
transform and derivative spectrophotometry? and
HPL C methodg®2,

However, there are no reported methods concern-
ingthestability of TCZ or thedeterminationof TCZin
presence of its degradation product. Thiswork pre-
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sentsastudy of oxidativedegradation of TCZ, followed
by the devel opment of three stability-indicating meth-
ods, aderivative spectrophotometric method and two
chromatographic methodsfor the determination of the
druginitspurepowdered form, inthe presence of its
degradation product aswell asinitsdosageform.

Derivative spectrophotometrictechniqueisof great
utility for resolving some mixtures of compoundswith
overlgpping spectraor determination of drugsin pres-
ence of their degradation products. TLC hasbecomea
routineand yticd techniqueduetothepossibility of ap-
plication of several samplesto berun ssmultaneously
usingasmal amount of mobilephase, thusloweringthe
timeand cost per anadysis. HPL C hasthe advantages
of itsdiscriminating power to resolvethedrug fromits
degradation product and itsability to operate at ambi-
ent temperaturethat would not contributeto thedegra-
dation of thedrug.

EXPERIMENTAL

| nstruments

AnAgilent HPLC instrument was obtained from
Aligant (Waldbronn, Germany), Densitometer-dual
wavelength flying spot was obtai ned from Shimadzu
(Tokyo, Japan), UV lamp with short wave length 254
nm was obta ned from Desaga (Wal dbronn,Germany),
UV-2400 PC Series Spectrophotometer with two
matched 1cm quartz cell wasobtained from Shimadzu
(Tokyo, Japan), Thin layer chromatographic plates
precoated with silicagel 60 F,., 10x20 cm were ob-
tained from Huka(Switzerland, Germany). ThelR spec-
trophotometer was obtained from Bruker Optics
(Ettlingen, Germany). Mass Spectrophotometer was
obtained from Agilent Technologies, Wilmington, DE.
(Hewlett Packard M odel 5988A GC/M S, fragmenta-
tion patternsarisefrom el ectronimpact i onization.

Reagents

Acetonitrile HPLC grade was obtained from sd
fine-chemlimited (Mumbai, India). Sodium hydroxide,
sul phuric acid, ortho-phosphoric acid, disodium hydro-
gen phosphate, potass um permanganate, ethyl acetate,
chloroform, methanol, ammonium hydroxideand po-
tassium dihydrogen phosphate were obtained from
ADWIC (Cairo, Egypt).

—= Pyl Paper
Samples
(a) Reference sample

TCZ-Puresamplewaskindly supplied by Pharma
Swede, Egypt. Itspurity wasfound to be 99.2 + 0.8%
according to the manufacturer’s method!*,

(b) Phar maceutical formulation

Flukamid oral suspension-Batch number.
ILOOSFMO1 was supplied by Medco- Erp limited,
Holland. Each 1 ml is claimed to contain 50 mg of
triclabendazole.

(c) Degraded sample (equivalent to 1 mg/ml of in-
tact TCZ)

TCZ (50 mg) was dissolved in 5ml methanol, a
mixtureof 1gm of potassium permanganateand 41.2
mg of disodium hydrogen phosphatedissolvedin 10 mi
water was added drop wise with continuous stirring.
The sol utionwas sonicated for 90 minutes. Thewhole
mixturewasextracted with 3x20 ml chloroform. The
agueouslayer wasreacidified with 20 ml dilutesulphuric
acid, followed by 2 ml methanol and warmed gently to
decompose excess potassium permanganateand todis-
solvetheformed manganesedioxide. Theagqueouslayer
wasfurther extracted with 2x20 ml chloroform and ren-
dered just alkaline (pH aproximatly 7.5) using dilute
agueous sol ution of sodium hydroxide, then reextracted
with 20 ml chloroform. The organic extractswere com-
bined and evaporated till completedryness. Theresi-
duewasdissolved in 25 ml methanol and transferred
quantitatively into a50-ml volumetricflask. Thevol-
ume was compl eted to the mark with the same sol vent
andfiltered to prepare sol ution of concentration (equiva
lent to 1 mg/ml of intact TCZ) in methanol™. Thede-
graded solution wastested for compl ete degradation
by TLC usingthreedifferent systems|[toluene/ metha
nol/ chloroform/ ammonium hydroxide (5:4:6:0.1 by
volume), methanol : 33% ammonium hydroxide (9:0.1
v/v) and ethyl acetate: methanol: 33% ammonium hy-
droxide(8:1:0.2 by volume)]. Only one spot was ob-
served not correspondingto TCZ.

Sandard solutions

1. TCZstock standard solution: (1 mg/ml) in metha:
nol.

2. Working standard solution: (0.1 mg/ml) in metha
nol.
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3. Working standard solution: (0.1 mg/ml) inmobile
phasefor method (C).

Degraded solutions

1. Degradation product stock solution: (1 mg/ml) in
methanal. Prepared asmentioned in section 2.3.3.

2. Working degradation product solution: (0.1 mg/ml)
inmethanal.

3. Working degradation product solution: (0.1 mg/ml)
inmobilephasefor method (C).

L aboratory prepared mixturescontaining differ-
ent ratiosof TCZ and itsdegradation product
(a) Method (A)

Aliquots (1.8 - 0.6 ml) of TCZ were accurately
transferred fromitsworking standard solution (0.1 mg/
ml) equivalent to (180 — 60 ug) into a series of 10-ml
volumetric flasks. Aliquots (0.2 — 1.4 ml) of working
degradation product solution (0.1 mg/ml) equivaent to
(20— 140 pg) were added, the volume was completed
with methanol to prepare mixtures containing 10— 70
% of the degradation product.

(b) Method (B)

Aliquots(4.5- 0.5 ml) of stock standard solution
(2 mg/ml) equivaent to (4.5— 0.5 mg) were accurately
transferredinto aseriesof 10-ml volumetricflasks, then
aliquots (0.5—4.5 ml) of degradation product stock
solution (1 mg/ml) equivaent to (0.5—4.5 mg) were
added. Thevolumewas completed with methanol to
prepare mixtures containing 10— 90 % of the degrada-
tion product.

(c) Method (C)

Aliquots(0.45- 0.05ml) of TCZ wereaccurately
transferred fromitsworking standard solution (0.1 mg/
ml) equivaent to (455 ug) into a series of 10-ml volu-
metricflasks. Aliquots(0.05—0.45 ml) of working deg-
radation product solution (0.1 mg/ml) equivaent to (5
—45 ng) were added, the volume was completed with
the mobile phaseto prepare mixturescontaining 10—
90 % of the degradation product.

Procedures
(&) Method (A)
(A) Linearity
Aliquots (0.2,0.4, 0.6, ....... , 2 ml) of the drug

Hnalytical CHEMISTRY o

working standard solution (0.1 mg/ml) weretransferred
into aseriesof 10-ml volumetric flasks. Thevolume
was compl eted to the mark with methanol. The spectra
of the prepared solutionswere scanned and stored in
the computer. The derivative spectrawere recorded
using AA=16 and scaling factor 500, the peak ampli-
tudesof thethird derivative spectraof TCZ were mea-
sured at 266 nm. A linear calibration curve was con-
structed relating the peak amplitude at 266 nmto the
corresponding concentration of TCZ and theregres-
Sion equation was computed.

(B) Accuracy

Theaccuracy of the resultswas checked by apply-
ing the previoudy mentioned procedure under linearity
for different concentrationsof pure TCZ withinthelin-
earity range. The concentrations of thedrug werecal-
culated from theregress on equation. The mean recov-
ery percentageand relative standard deviation werethen
caculated.

(C) Precision
(1) Repeatability

Three concentrations of TCZ stock standard solu-
tion (6, 10 and 14 pg/ml) were analyzed three times
each, intra-day, using the previoud'y mentioned proce-
dure under section 2.7.1.1. The mean recovery per-

centage and rel ative standard deviation werethen cal-
culated.

(2) Intermediateprecision

Theabove mentioned TCZ sampleswereandyzed
on three successive days using the procedure stated
under section 2.7.1.1. The mean recovery percentage
and relative standard deviation werethen cal cul ated.
(D) Assessment of selectivity/specificity of the
method

Thethird derivative spectraof the prepared mix-
tures(2.6.1.) wererecorded. Then the procedure was
completed asdescribed in section 2.7.1.1. The con-
centration of TCZ wasca culated by substitutioninthe
corresponding regression equation.

(E) Application of the proposed method for the
determination of TCZ in its pharmaceutical for-
mulation

Thecontentsof theHukamid Ora-suspensonbottle
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were shacked well, then 1 ml equivalentto50mg TCZ
was quantitatively transferred into a beaker, 25 ml
methanol was added. The beaker was covered with
watch glassand the solution was stirred for 30 minutes
usingamagnetic firrer, filteredintoa50-ml volumetric
flask, theresiduewaswashed threetimeseach with 5
ml methanol and filtered, the collected filtrateswere
accurately transferred to the volumetric flask, and the
volume was compl eted to the mark with methanol to
prepare sol ution of concentration (1 mg/ml) in metha:
nol. Suitabledilutionswere madewith themobilephase
to prepare asolution of concentration (10 pg/ml) in
methanol. Then the procedure was compl eted as de-
scribed in section 2.7.1.1. The concentration of TCZ
was cal cul ated by substitution inthe corresponding re-
gression equiation.

(b) Method (B)

(A) Linearity

Aliquots (0.5, 1, 2, 3, 4, 5ml) of the stock stan-
dard solution (1 mg/ml) weretransferred into aseries
of 10-ml volumetricflasks. Thevolumewas completed
to themark with methanol. Ten ul of the prepared solu-
tions, using 10 ul Hamilton syringe, was applied as sepa-
rate compact bands 20 mm apart and 20 mm fromthe
bottom of the plates. The chromatographic tank was
saturated with the mobile phase[ ethyl acetate/ metha
nol/ 33% ammonium hydroxide(8:1:0.2 by volume) for
one hour in ascending manner to adistance of 7cm
from the spotting line at room temperature, air-dried,
and the plateswere scanned under thefollowing condi-
tions
e Sourceof radiation: deuterium lamp.

e Photomode: Reflection.

e Scanmode: Zigzag.

e Result output: Chromatogram and areaunder the
peak.

e Swingwidth: 10mm.

e Waveength: 300 nm.

The scanning profilefor TCZ wasobtained. The
calibration curverelating theintegrated peak areato
the corresponding concentration was constructed and
theregression equation was computed.

(B) Accuracy

Theaccuracy of the resultswas checked by apply-
ing the proposed method for the determination of dif-

—> Fyll Poper

ferent concentrations of pure TCZ withinthelinearity
range. Theconcentrationswere cal culated fromthere-
gression equation. Themean recovery percentageand
relative standard deviation werethen calcul ated.
(C) Precision
(1) Repeatability

Three concentrations of TCZ stock standard solu-
tion (0.5, 1and 2 pg /band) were analyzed three times
each, intra-day, using the previoud'y mentioned proce-
dure under section 2.7.2.1. The mean recovery per-

centage and rel ative standard deviation werethen cal-
culated.

(2) Intermediateprecision

Theabove mentioned TCZ sampleswereandyzed
on three successive days using the procedure stated
under section 2.7.2.1. The mean recovery percentage
and relative standard deviation werethen cal cul ated.
(D) Assessment of selectivity/specificity of the
method

Ten pl from the prepared mixtures (2.6.2.) was spot-
ted on TLC plates and the procedure was compl eted
asdescribed in section 2.7.2.1. The concentration of
TCZ wascd culated by substitution in the correspond-
Ing regress on equiation.

(E) Application of the proposed method for the
determination of TCZ in its pharmaceutical for-
mulation

The dosage form wastreated as under (2.7.1.5.)
to prepare solution of concentration of (1 mg/ml). Suit-
abledilution wasmadeto prepare solution (200 pg/ ml)
in methanol. Then the procedure was completed as
described insection 2.7.2.1. The concentration of TCZ
was cal cul ated by substitutioninthe corresponding re-
gression equation.

(c) Method (C)
(A) Linearity

Aliquots (0.05, 0.1, 0.2, 0.3, 0.4, 0.5 ml) of the
drug working standard solution (0.1 mg/ml) weretrans-
ferred into aseriesof 10-ml volumetricflasks. Thevol-
umewas completed to themark with mobile phase. 20
ul of the previously prepared solutions was Injected in
triplicate using thefoll owing chromatographic condi-
tions
—  Analytical CHEMISTRY
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e Column: Nucleosll, 5ze125x4mm, C18 Sum. The
columnwasequilibrated with themobile phaseun-
til steady baseline obtained and column pressure
wasstabilized.

e Mobilephase: The mobile phase consisted of ac-
etonitrile: 0.05M potass um dihydrogen phosphate
inratio (60:40v/v). ThepH wasadjusted to 3.5+0.2
with ortho-phosphoric acid. Themobile phasewas
filtered using 0.45 um membrane filters and de-
gassed by ultrasonicvibrationsfor 30 min.

Temperature: Ambient temperature,

Flowrate: 1.5ml/ min.

Detector wavelength: 300 nm.

Injection volume: 20 pl.

Thechromatogram wasobtained, theaverage peak

arearatiosobtained for each concentration of TCZ to

that of external standard 5 pg/ml were plotted versus
concentrations, and the regress on equati on was com-
puted.

(B) Accuracy

Theaccuracy of the resultswas checked by apply-
ing the previoudy mentioned procedure under linearity
for different concentrationsof pure TCZ withinthelin-
earity range. The concentrations of thedrug were cal-
culated from theregress on equation. Themean recov-
ery percentageand rd ative standard deviationwerethen
calculated.

(C) Precision
(1) Repeatability

Three concentrationsof TCZ stock standard solu-
tion (2, 2.5 and 4 ng/ml) were analyzed three times
each, intra-day, using the previoud'y mentioned proce-
dure under section 2.7.3.1. The mean recovery per-

centage and relative standard deviation werethen cal-
culated.

(2) Intermediate precision

Theabove mentioned TCZ sampleswereandyzed
on three successive days using the procedure stated
under section 2.7.3.1. The mean recovery percent-
age and rel ative standard deviation were then calcu-
lated.
(D) Assessment of selectivity/specificity of the
method

Twenty pl from the prepared mixtures (2.6.3.) was
Hnalytical CHEMISTRY o

injected into the liquid chromatograph. Thenthe pro-
cedurewas completed asdescribed insection 2.7.3.1.
The concentration of TCZ was cal culated by substitu-
tion in the corresponding regression equation.

(E) Application of the proposed method for the
determination of TCZ in its pharmaceutical for-
mulation

The dosage form wastreated as under (2.7.1.5.)
to prepare a solution of concentration of (1 mg/ml).
Suitable dilutionswere made in the mobile phaseto
preparesolution (2 ug/ml) of TCZ. Twenty pl from this
solution wasinjected intriplicateinto theliquid chro-
matograph under the previously mentioned chromato-
graphic conditionsinsubsection (2.7.3.1.) of Linearity.
The concentration of TCZ was cal culated by substitu-
tion in the corresponding regression equation.

(F) System suitability

Thetailingfactors, theresolution factor, these ec-
tivity factor, thetheoretical plate count and the height
equivalent to atheoretica plate (HETP) were calcu-
lated.

RESULTSAND DISCUSSION

Thegtahility of TCZ wasstudied accordingto ICH
guiddines®for:

(@ AcidandAlkaineStress: 0.1M HCI/0.1M NaOH
for 16 hrs, 0.2M HCI/0.2M NaOH for 16 hrsand
1IMHCI/1IM NaOH for 4 hrsandfor 5 hrs.

(b) Oxidative Condition: 3% H,O, for 2hrs, 4 hrs, 6
hrsandfor 10 hrs.

(¢) Thermal Degradation: at 100°C in an oven for 2
hrs, 4 hrsandfor 6 hrs.

TCZ showshighly stability to acidic, akaineand
therma conditions, anditisinsolubleinH,O,. Thedrug
undergoes oxidative metabolisminto its sulphoxide,
sulphone and hydroxy derivatives by sheep liver mi-
crosomes?®, Sotheinterest wasfocused on the oxida
tion of thecited drugusingKMnQ,,

Sincethiswork was concerned with the devel op-
ment of stability-indicating methodsfor the determina:
tion of TCZ, the degradation product was prepared in
|aboratory asmentionedin 2.3.3. Thestructure of the
isolated oxidative degradation product was confirmed
using IR and M S spectroscopy, (Figures 1-4).
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Flgure3. M assspectrum of intact TCZ.

TheR spectraof intact TCZ lacked the character-
istic sulphonebands, (Figure 1). On theother hand the
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Figure2: IR spectrum of thedegradation product of TCZ.

IR spectrum of the degradation product of TCZ ischar-
acteri zed by the absorption frequency of sulphonegroup
at 1321.96 and 1138.76 cn?, (Figure 2). Thisresultis
proved by using M S spectroscopy; the M S spectrum
of theintact TCZ ischaracterized by themolecularion
m/z a 360, (Figure 3). On the other hand theM S spec-
trum of the degradation product was characterized by
themolecularionm/z at 391, (Figure4), whichindicate
theformation of sulphonederivative.

Thisfinding suggested the degradati on pathway and
indicatesthat the degradation product of TCZ hasthe
structureillustrated in scheme 1.
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Figure4: Massspectrum of thedegradation product of TCZ.
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The present work isconcerned with the use of de-
rivative spectrophotometry for the quantitative deter-
mination of TCZ inthepresenceof itsdegradation prod-
uct, in thepure powdered form aswell asin pharma-
ceutica formulation.

Zero—order absorption spectra of TCZ and its deg-
radation product in methanol show greet overlgpwhich
can not permit direct measurement of thedruginthe
presence of itsdegradation product, (Figure5).

2.000 T T T

Triclabendazole

Degradation product «-- -«

1.500 -

Absorbance

1.000

0.500

0.000 ! - 8
200.00 250,00 300.00 350.00

400.00
Wave length (nm)

Figure5: Zer o-order absorption spectra of TCZ (10pg/ml)
and itsoxidativedegradation product (10 pg/ml) in methanol.

Derivative spectrophotometric method was gpplied.
First and second derivativefalled to solvethe overlap-
ping problem, (Figures®6, 7).

Upon examiningthethird derivative spectracof TCZ
and its degradation product, (Figure 8), it isnoticed
that TCZ can be determined at 266 nm without inter-
ferencefrom itsdegradation product.

The main parametersthat affect the shape of the
derivative spectrasuch as scanning speed, thewave-
lengthincrement over which thederivativeisobtained
(AL) and the scaling factor were studied and it was
found that fast scanning speed, usngAA=16 and scal-
ing factor 500, gave best compromiseintermsof sig-
nals to noise ratio, peak resolution and sensitivity
throughout the determination.

20,000 T : :

Triclabendazole
Degradation product «««-+---++

10.000

0.000
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-10.000

<20.000

225,000 ! L :
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Figure6: First derivativespectraof TCZ (10 pg/ml) and its
oxidativedegradation product (10 pg/ml) in methanol.
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Figure7: Second derivativespectraof TCZ (10 pg/ml) and
itsoxidativedegradation product (10 pg/ml) in methanol.
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Figure8: Third derivativespectraof TCZ (10 pg/ml) and its
oxidativedegradation product (10 pg/ml) in methanol.

A linear relationship was obtained rel ating the peak
amplitude at 266 nm to the corresponding concentra-
tion of triclabendazole over therangeof (2-20 pg/ml),
(Figure9).

0.300
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Figure9: Third derivative spectraof TCZ (2-20 pg/ml) in

methanol.
Theregression equation was computed and found
tobe:

D =0.0135C +0.0018 r =0.9999

—= Fyll Peper

Where*D isthe pegk amplitudeof third derivative spec-
tra, Cisthecorresponding concentration pg/ml and r is
thecorrel ation coefficient.

The proposed method was successfully applied
for the determination of thedrug in pure powder form
with mean percentage recovery of 100.0 = 1.0%,
(TABLE).

TABLE 1: Resultsof validation parameter sof theresponses

and the regression equations obtained by the proposed
methods

Parameters Method (A) Method (B) Method (C)
Slope® 0.0135 0.1068 0.1973
Intercept 0.0018 0.0747 0.0186
Correlation coefficient 0.9999 0.9995 0.9997
Concentration range i;/i? “%/Sb;f i 3; ;n‘?
Average accuracy (%) 100.0 100.5 99.8
SD. 1.0 12 11
R.SD. % 1.0 12 11
Specificity+ R.S.D. 99.4+1.0 99.8+0.6 99.9+1.2
Repeatability ® %+ R.S.D. 99.8+0.7  1005+1.0  99.6+1.3
emedisle predson®s  0ggi04 00406 99.8:03
2 Results of five determinations; °n = 3x3; ¢ n = 3x3
Method (B)

The proposed method isbased onthedifferencein
the R betweentheintact drug and its degradation prod-
uct. The suitable mobile phase has been selected to
achievethe best separation thedrug fromitsdegrada
tion product; other necessary conditions have been es-
tablished. Trid swerecarried out using different solvent
systemsto have agood separation of thedrug fromits
degradation product. By using ethyl acetate: methanol:
glacial acetic acid (8:1:0.2 by volume) separation of
spotswasoccurred but it resulted in high R, value of
TCZ. Best separation of TCZ anditsoxidative degra-
dation product was obtai ned by using methanol: ethyl
acetate: 33% ammonium hydroxide solution (8: 1: 0.2
by volume).

This selected mobile phase allowsthe determina-
tion of thedrug without interference from the degrada-
tion product and without tailing of the separated spots
provide better precision of themethod. Theinstrumen-
tal conditionsfor densitometric measurement such as
scan mode and wave ength detection were optimized.
The scan mode chosen waszigzag mode, and thewave-
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lengthwas 300 nm. TCZ wascompletely resolved from
itsdegradation product andits R, valuewas 0.84. On
theother handthe R, value of the degradation product
was 0.56. Thiswould permit quantitative determination
of TCZ in presenceof itsoxidative degradation prod-
uct, (Figure 10).

2.000

1.500

. 000 ¢
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Figure10: Scanning profileof TL C chromatogram of TCZ
at 300 nm.

A linear rel ationship between the concentration of
TCZ and theintegrated peak areawasexist. The pro-
posed method wasfound to bevalidintherangeof 0.5
—5 pg/band and the regression equation was computed
and found to be:

A =0.1068 C + 0.0747 r = 0.9995

Where A is the integrated peak area <104, Cisthe
concentration of thedrugin pg/band and r is the corre-
|ation coefficient.

The proposed method was successfully applied
for the determination of thedrug in pure powder form
with mean percentage recovery of 100.5 +1.2%,
(TABLEX).

M ethod (C)

The proposed method isbased on thedifferencein
the retention time between theintact drug and itsdeg-
radation product. The suitable mobile phase hasbeen
selected to achieve the best separation the drug from

Hnalytical CHEMISTRY o

itsdegradation product.

Different mobile phaseswith different ratioswere
investigated such asacetonitrile: water (10:90v/v) and
acetonitrile: methanol: 0.01M potassium dihydrogen
phosphate (50:30:20 by volume), no good separation
was obtained and al so acetonitrile: 0.05M potassium
dihydrogen phosphateinratio (70:30 v/v), separation
was occurred but tailed peaks were obtained. Satis-
factory separation was performed with amobile phase
congsting of acetonitrile: 0.05M potassium dihydrogen
phosphateinratio (60:40 v/v) respectively, thepH was
adjusted to 3.5+0.2 with ortho-phosphoric acid, with
aretentiontimeof 3.327+0.03 min for TCZ and 2.293
+ (.03 min for its oxidative degradation product. This
would permit quantitativedeterminationof TCZ inpres-
enceof itsoxidative degradation product, (Figure 11).
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Figure1l: HPL C chromatogram of theintact TCZ (2.5 ng/
ml) and the degradation product (2.5 pg/ml) using the
specified chromatographic conditions.

Theaverage pesk arearatios obtained for each con-
centration of TCZ to that of externa standard 5 pug/ml
were plotted versusthe corresponding concentration
of the drug. The proposed method was found to be
validintherangeof 0.5- 5 pug/ml, and the regression
equation was computed and found to be:

A =0.1973 C +0.0186 r =0.9997

WhereA isthe peak arearatio, Cisthe concentration
of thedrugin pg/ml and r is the correlation coefficient.

The proposed method was successfully applied for
thedetermination of thedrugin pure powder formwith
mean percentagerecovery of 99.8+1.1%, (TABLE 1).

System suitability test according to the United States
Pharmacopoei &*” was used to verify that the resol u-
tion and reproducibility of the chromatographic system
were adequate for the analysis to be done. Accord-
ingly, system suitability was checked by ca culating the
columnefficiency (N), resolution (R), selectivity (o) and

min
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tailing factor (T), where the system was found to be
suitable, (TABLE 2).

TABLE 2: Parameter sof system suitability test of M ethod
©).

Obtained value
Par ameter -
TCZ Degradation product

Relative retention time (o) 1.45
Resolution (R) 6.38
Capacity factor (K7 4.40 2.72
Tailing factor (T) 0.87 0.86
Column efficiency (N) 4921 4681

Specificity of the methods was proven by the
analysisof laboratory prepared mixtures containing
different percentages of the degradation product. The
proposed derivative spectrophotometric method was
found to be specific for TCZ in presence of up to
70% of its degradation product whilethe proposed
chromatographic methods werefound to be specific
for TCZ in presence of up to 90% of itsdegradation
product (TABLE 3).

TABLE 3: Resultsof analysisof TCZ inlaboratory prepared
mixtures containing different ratios of TCZ and its
degradation product in purepowder form by the proposed
methods.

Method (A) M ethod (B) Method (C)
Concentration Concentration Concentration
(ng/ml) (ng/ band) (ng/ml)
X
= B B 5]
o 3 = >
g 8 < 8 < R
I Q > Q> Q >
= N c o N ¢ o N c o
I O ©° > O 9o Y o 9o >
la} B § F B § F B §
8 8 o 8
o o o
[a) [a) [a)
10 18 2 996 45 05 996 45 05 1017
20 16 4 1014 40 10 982
30 14 6 995 35 15 998 35 15 1008
40 12 8 994 3.0 20 998
50 10 10 986 25 25 1007 25 25 994
60 8 12 982 20 3.0 996
70 6 14 988 15 35 1001 15 35 984
80 1.0 40 1011
90 05 45 990 05 45 997
Mean 99.4 99.8 99.9
S.D. 1.0 0.6 1.2
RSD. 10 0.6 12

%

—> Fyll Poper

The usefulness of the proposed methods for the
andysisof TCZ wasstudied by assaying Flukamid ora
suspension, (TABLE 4). Sampleswereaso spikedin
order to asses the validity of the proposed method
(TABLE4).

TABLE 4 : Quantitative determination of TCZ in
phar maceutical formulation by the proposed methodsand
resultsof application of standard addition technique.

pharmaceutical formulation

: ; M ethod M ethod M ethod
Flukamid oral suspension 5% A)2 B)P C)°

B.N |L0O05FM 01 A) (B) ©
Found % 100.5+£0.7% 99.6+0.3% 98.6+0.7%
Recovery % of standard added 98.9+0.8% 99.4+0.9% 101.1+0.7%

a Average of four determinations; ® Average of three
determinations; © Average of six determinations

Results obtained by the proposed methodsfor the
determination of puresamplesof thedrug were statisti-
caly compared to those obtai ned by the manufacturer’s
method of thedrug®® and no sgnificant differenceswere
observed, (TABLEDS).
TABLE 5: Satistical analysisbetween theresultsobtained

for thedeter mination of TCZ in puresamplesby theproposed
methodsand those obtained by themanufactur er’s method.

Method Method Method Manufacturer's

Item

(A) (B) (©) method***
Mean 100.0 100.5 99.8 99.2
SD. 1.0 1.2 1.1 0.7
R.S.D% 1.0 1.2 1.1 0.8
Variance 1.0 14 1.2 05
n 10 6 6 5

Student®t 1.6(2.160) 2.1(2.262) 1.1(2.262)
Ftet  2.0(477) 2.8(5.05 2.4(5.05)

Figuresin parenthesesar ethecorresponding tabulated values

at p=0.05; **¥Manufacturer’s method HPLC, mobile phase

water: acetonitrile(10:90v/v) respectively, UV set at 258 nm
and C18 column.

The accuracieswere assessed by the determina-
tion of pure TCZ sampleswithinthelinearity ranges,
themeanaccuraciesaregivenin TABLE 1.

Therepeatability andinterday precisonwereevau-
ated by assaying threefreshly prepared sol utions of the
drugintriplicate on the same day and on three succes-
sivedaysrespectively at concentrationswithinthelin-
earity rangesfor each method. RSD% showsthe pre-
cisonof themethods, (TABLE 1).

Validation of the proposed methodswas made by
measuring range, accuracy, precision, repeatability,
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interday precison, linearity and specificity. Resultsob-
tained aredepictedin TABLE 1. Thisdatarender the
applicability of the proposed method for the quality
control of thedrug formulation.

The proposed derivative spectrophotometric, TLC
and HPL.C methods are precise, accurate, and sensi-
tive. They can be used for theroutineanalysisof TCZ
in pharmaceutical formulations. The ICH guidelines
werefollowed throughout the study for method valida-
tion.
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