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ABSTRACT

Simple, accurate and precise spectroflourimetripecgrophotometric and LC methods have been
developed and validated for the determination tfegartan (IRB). The spectroflourimetric method
depends on measuring the native fluorescence ofiiRBe range of 1-gg.mi* (Aem at 785 nm upon
excitation at 250 nm) in 0.1N,BQ,. Spectrophotometric method represents a stabiidjcating assay
for the determination of IRB in presence of itsalile degradation product (IDP) in the range of 36
Lg.mi*. This method was based on measuring the firswatvee of ratio spectra at 236.5 nm. The LC
method has been developed for the simultaneousmatdion of IRB and hydrochlorothiazide (HCZ) in
presence of IDP in the range of 30 — 112.5 g and 2.5-9.375 ug. iof IRB and HCZ, respectively.
The analysis was conducted on Agilent zobrax ODIB)Column, 5um particle size (4.6 x 250 mm),
using ondansetrone hydrochloride as an internalndead and a mobile phase consisting of
triethylamine: acetonitrile: 0.025 M potassium dilnggen phosphate adjusted to pH (3) with o-
phosphoric acid (0.15: 40: 60, v/v/v). Quantitatimas achieved using UV detection at 269 nm atwa flo
rate maintained at 1 ml.mih The results were statistically compared using-eag analysis of variance
(ANOVA). The developed methods were satisfactaplplied to the analysis of the pharmaceutical
formulations and proved to be specific and accurfde the quality control of the cited drugs in
pharmaceutical dosage forms.

Keywords: Irbesartan; Hydrochlorothiazide; Spectrofluoromgetryspectrophotometry;  Stability
indicating; LC.

INTRODUCTION

Irbesartan (IRB), (Fig. 1a); Butyl-3-[[2'-(1H-tetal-5-yl)[1,1'-biphenyl]-4-yllmethyl]-1,3-
diazaspiro[4.4]non-1-en-4-one is one of the Agelieptor antagonists which are potentially safe
and more tolerable than earlier classes of drugd @@ the treatment of hypertension, diabetic
nephropathy and heart failure [1]. A clinical studyhypertensive subjects has demonstrated that
IRB effectively lowers blood pressure with a onedlyddosage [1]. They are administered alone
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or reinforced with the antihypertensive diuretioydfbchlorothiazide (HCZ) [2] (Fig. 1b). Tt
USP official method for the determination of IRBLE method on ODS (C18) column usin
mobile phase consisting of a mixture of pH 3.2 phospbatier and acetonitrile (67:33, v/v) [:
Several methods have been reported for the anadydiRB in both pure and pharmaceuti
dosage forms. These methods include L-11], quantitative TLC [12,1:, spectrophotometric
[14-16], spectroflourimetric [16], HPLC-MS/MS [17], Voltametry [18] and capillary
electrophoresis methods [B4}. However, to the best of our knowledge, nonehese method
was concerned with the analysis of IRB in the pmeseofits alkaline degradation produ
Several chemical or physical factors can to the degradation of drugs [}, thus the aim of the
present study was to develop more sensitive spgkaironetric and stability indicatin
spectrophotometric and LC meth for the assay of IRB with the application to phaceaical
dosage forms that could be applied for drug quatitytrol.

N=N
. /
7 N O AP
HoNO,S sZ
l = ji:[ JNH

Fig. (la). Fig. (1b).

Figure 1: Chemical structures of Irbesartan (a) andHydrochlorothiazide (b).
EXPERIMENTAL SECTION

2.1. Instrumentation

A Jenway 6800 double beam ultraviolet/visible spectromef&rt,K), connected to an IB}
compatible computer with 1cm quartz cell and sufggbwith Jenway flight deck softwa
Shimadzu RF501 Spectrofluorophotometer, (Jap The LC system consisted of an Agil
1100 liquid chromatograph (U.S.A) equipped withigotratic pump G1310A, a manual injec
G1328B with a 2Qul loop and a UV- visible variable wavelength detector. The sepanatas
made on Agilent Zobrax ODS C18 columnum particle size (4.6 x 250 m). The samples
were injected (2Qul) with a 100pl Agilent analytical syringe. A Soniclean120T akpnic
processor (Australia) and a Jenway pH meter m@bi@h, Essex, (U.K) were also us

2.2. Materials and reagents

IRB was kindly supplied bristol Mayer’s Squib (Giza, Egypt) and with puriy 99.99% [1].
HCZ was kindly supplied by AstraZeneca (Cairo, Byymnd it contained 100.64%3]. OND
was kindly supplied by GlaxoSmithkline (Cairo, Egypnd certified to contain 99.95%. Wa
for LC was prepared by double glass distillation and fittrathrough 0.4-um membrane filter.
Methanol (LC grade) and acetonitrile (LC grade) evgrurchased from Fisher Scienti
(Loughborough, Leicestershire, UK). Triethylamif@igme Aldrich, Germany), ptassium
dihydrogen phosphate and sodium octane sulpho@aterd, India),o-phosphoric acid, sodiul
hydroxide, hydrochloric acid and chloroform -Nasr, Cairo, Egypt) were used. Membr:
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filters 0.45um from Teknokroma (Barcelona, Spaieyewused. All other chemicals and reagents
used were of analytical grade unless indicatedraike.

2.3. Preparation of the mobile phase and adjustinthe chromatographic conditions:

A mixture of triethylamine: acetonitrile: 0.025 pbtassium dihydrogen phosphate adjusted to
pH (3) witho-phosphoric acid: acetonitrile (0.15: 60: 404/\) was prepared. The LC separation
and quantification were made on 4.6 x 250 mm (Adllent Zobrax ODS (5um particle size)
C18 column. The mobile phase was filtered througtb @m membrane filter and degassed
using ultrasonic path. The flow rate was maintaiaed ml.mir. The samples were injected (20
pl) with a 100l Agilent analytical syringe. All determinations weeperformed at ambient
temperature. The system was equilibrated and $aturvaith the mobile phase for half an hour
before the injection of the samples. Quantificatveess achieved with UV detection at 269 nm
based on peak area. Data acquisition was perfoamédjilent LC Chemstation software.

2.4. Preparation of IRB alkaline degradation product

Accurately weighed amount of IRB (0.2 gm) was nedid in 50 ml 1 N sodium hydroxide for
about 2 hours at 10G. Then it was neutralized with 1N hydrochloriccaand extracted several
times with 100 ml mixture of chloroform: diethylhetr (50:50yv/v). The extracts were combined
and evaporated followed by crystallization of tlesidue from methanol. White crystals were
formed. The crystals were filtered and dried. Testomplete degradation was done using TLC.

2.5. Preparation of standard solutions

2.5.1. Spectroflourimetric method

A solution of 0.5 mg.mt of IRB was prepared in methanol. Two ml aliqubthis solution was
used to prepare a standard stock solution gfgltl™ of IRB in 0.1N HSO.

2.5.2. Spectrophotometric method

Two separate solutions of 0.5 mgmbf IRB and IDP were prepared in methanol. Five ml
aliquots from each solution were used to prepaedstrd stock solutions of 5@ ml* of both
IRB and IDP in 0.1N HCI.

2.5.3. LC method
Standard stock solutions of IRB, HCZ, IDP and ONDD@5 mg mt', 0.0625 mg mt, 0.4 mg
mi™ and 0.2 mg mt, respectively, were prepared in the mobile phase.

2.6. General procedures and calibration graghs

2.6.1. Spectroflourimetric method

Different aliquots (1 — 6 ml) of IRB standard stos&lution equivalent to 10 — 60y were
accurately measured and transferred into a se afllvolumetric flasks and adjusted to volume
with 0.1N HSQO,. The relative fluorescence intensities were mesabat the specified excitation
and emission wavelengthgefn at 785 nm withkex at 250 nm), then plottedgainst the
corresponding concentrations and the regregsoameters were computed.

2.6.2. Spectrophotometric method

Different aliquots (0.5 — 6 ml) of IRB standard atasolution equivalent to 25 — 3Q@ were
accurately measured and transferred into a se@ afllvolumetric flasks and adjusted to volume
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with 0.1N HCI. The absorption spectrum of each eomi@tion of IRB was recorded against
0.1N HCI as a blank. The spectra of IRB were didithy the spectrum of 2.6g.m* of IDP
which is the chosen devisor. The first derivatiettee ratio spectra were obtained using the
following instrumental parameterad= 10, scaling factor = 5. The amplitudes at 23érbwere
measured then plotted against the correspondingeodrations and the regression parameters
were computed.

2.6.3. LC method

Accurately measured aliquots of IRB standard swalktion (0.4 — 1.5 ml) and HCZ standard
stock solution (0.4 — 1.5 ml), equivalent to (3@*+2.5ug) and (2.5 — 9.37hg) of IRB and
HCZ, respectively, were transferred into a seried® ml volumetric flasks. 1 ml aliquot of
OND solution (internal standard) was added to dkask and the volume was adjusted with the
mobile phase. Twenty micro liter of each flask wgscted into the column. Each solution was
prepared in triplicate. The chromatograms werendsmbusing the method parameters: Flow rate
(1 ml.min%) and wave length (269 nniJhe ratios (R) of the recorded AUPs of IRB and HE6Z
that of OND were plotted versus the concentratiohdRB and HCZ (g/ml) to obtain the
calibration curves. The regression parameters w@rguted.

2.6.4. Stability indicating characteristics of thespectrophotometric method

Aliquots of IRB and IDP standard stock solutiogsiigalent to (50 - 20@ug) and (50 — 17hg),
respectively, were transferred into a series ofnilOvolumetric flasks. The volumes were
adjusted with 0.1N HCI to prepare different laborgtprepared mixtures containing 17 — 58 %
of the degradation product. The general procedesertbed under calibration was followed.

2.6.5. Stability indicating characteristics of theLC method

Aliquots of IRB, HCZ and IDP standard stock solascequivalent to (0.3 — 1.125 mg), (25 -
93.75ug) and (120 — 44Qug), respectively, were introduced into a seried®fml volumetric
flasks. 1 ml aliquot of OND standard stock solut{@rternal standard) was added to each flask
and the volume was adiusted with the mobile phaserder to prepare different mixtures
containing 21 — 78 % of the degradation produdtiet to intact IRB. The general procedure
described under calibration was followed.

2.7. Sample preparation

2.7.1. Spectroflourimetric and spectrophotometric rethods

A quantity of the powdered Aprovell50 mg tablets equivalent to 25 mg IRB was exégct
with 50 ml methanol and filtered. Further dilutiookthe filtrate were made with 0.1N,8IO,
and 0.1N HCI to suit the spectroflourimetric an@apophotmetric methods, respectively. The
general procedures described under calibration fedoeved.

2.7.2. LC methods

An accurately weighed quantity of the powder Coamglbtablets equivalent to 75 mg IRB and
6.25 mg HCZ was extracted with 100 ml methanol fiteled. Further dilutions of the filtrate
were made with mobile phase to suit the LC metiidwe general procedure described under
calibration was followed.
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Figure 2: Excitation and emission spectrum of 5.pug ml™ IRB in 0.1N H,SO,.

Table (1): Study the effect of different solventsmthe fluorescence intensity of IR|

Solvent used Amount of IRB (ug/ml) Relative fluorescence of IRB at 785 n|

Methanol 5.0 141.585
Ethanol 5.0 9.821

0.1N HCI 5.0 593.519

0.1IN HSO, 5.0 659.291

Table (2): Results obtained by the proposespectroflourimetric method for the determination of Irbesartan
in the presence ofts alkaline degradation product

Item Spectrofluorometric methoc
Amax €Xcitation of measuremel 250 nm

Amax €Mission of measureme 785 nm

Range ofihearity 1- 6pug mit

Regression equatic F*285 nm= 117.05(:(ug_m,'1) +42.18
Regression coefficient?) 0.9993

LOD pg.ml* 0.027

LOQ pg.ml* 0.082

Standard deviation of slopey) 1.577

Standard deviation of intercept,) 6.142

Confidence limit of the sloj 117.05+ 0.22

Confidence limit of the interce 42.18+ 0.86

Standard error of the estimat 6.598

Results

Drug in bulk 100.03 +1.37

Drug in dosage form (Aprov®150 mg)  95.95 + 1.17

Drug added 100.04 £ 0.76

*F:Relative flourescence

RESULTS AND DISCUSSION

3.1. Spectroflourimetric methoc

IRB exhibits strong native fluorescence at 785 nmoruexcitation at 250 nm (Fig. 2). Tt
permits the development of a very sensitive mettfaassay for IRB in pure and pharmaceut
dosage forms. Different solvents such as methastbgnol and hydrodoric acid and sulfuric
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acid were studied so as to give the best sengitant stability (Table 1). This study led to the
described procedure. Due to the high sensitivitthefspectroflourimetric method, it can be used
for determination of very low concentrations of IRBIso, this method can be used for the
determination of the drug in pharmaceutical dosages with no influence from excepients.

Results of the proposed method are given in (T2ple

3.2. Spectrophotometric method

The present work was conducted for the selectivieraénation of IRB in presence of its
alkaline degradation product. The UV absorptionctpeof IRB and IDP in 0.1N HCI were
recorded (Fig. 3). The spectra display considerabbzlap, hence direct UV determination of
IRB in the presence of IDP seems to be difficukerildative ratio spectrophotometric technique
was able to resolve such interference with theiegipbn to its pharmaceutical dosage forms.
The theory of derivative ratio spectrophotometrpased on the use of certain derivatives of the
ratio spectra of the mixture and the division oé tamplitudes at each wavelength by the
absorption spectrum of a standard solution of ofethe components. Derivative ratio
spectrophotometric has been applied extensivellygsimultaneous determination of substances
with overlapping spectra as an economic alternatveC methods [23]. In the present work,
this technique was used to solve the problem oflapping absorption spectra of IRB and IDP.
IRB has been determined in the concentration rarig25-30ug mi* in 0.1N HCI using the
spectrum of 2.5ug mi™* of IDP as a divisor. In order to optimize the oatierivative method that
was developed, the influence of different variames studied. These variables include solvent,
divisor concentratiorand smoothing factor. The careful choice of thasdivand the working
wavelengths were of great importance as it is #&ffgcboth sensitivity and selectivity;
accordingly, different concentrations of the degtazh product (2.5, 5, 7.5 and 1§ mI*) were
tried as divisors. The best result in terms of aiga noise ratio, sensitivity and repeatabilityswa
achieved upon using 2y5g.mI* of IDP (Fig. 4). The first and second derivatiwasthe ratio
spectra were obtained using the following instrutaleparametersAi= 10 and scaling factor =
5. Calibration curve was constructed at 236.5 npnegenting a linear relationship between the
amplitudes and the corresponding concentrations. régression equations listed in (Table 3)
was computed. The results of the proposed methodiaen in (Table 3).

s Sy O

Absorbance

T T T T "
MOIN OIN DN M8 M N0 I M TN X M X0 D8 M M M M N W &

Waveleneth (nm)
Figure 3: Zero order spectra of IRB 15pg.ml™ (a) and IDP 15ug ml™ (b) in 0.1N HCI.
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Figure 4: First derivative ratio spectra of IRB (25, 10, 15, 20, 2and 30 pg/ml) using the spectrum of 2.
pg/ml degradation product as a devisor.

Table (3): Results obtained by first derivative othe ratio spectra for the determination of Irbesartan

Item

First deivative

Amax Of measuremen

Range ofinearity

Regression equatic

Regression coefficient?)

LOD pg.mi*

LOQ pg.mi*

Standard deviation of slopey)
Standard deviation of intercepty)

Confidence limit of the sloj
Confidence limit of the interce
Standard error of the estimat
Results

Drug in laboratory mixtu

Drug in dosage form(Aprov® 150 mg)

Drug added

236.5 nm
2.5-30ug mit
'DD* 236 5= 0.033 Gygmy - 0.0009
0.9998

0.09

0.28

2.1x10

41 x10
0.033+5.0x 18
-0.0009 + 9.8 x 16
4.7 x 10°

99.97 +1.16
98.76 + 0.24
100.72 £ 1.44

* IDDyss 5 i peak amplitudes of the first derivatives rati@sa at 236.5 nr

Method selectivity and stability indicating chamxtstics were checked by preparing
analyzing laboratory prepared mixtures at varionacentrations within the linearity rang
Satisfactory results were obtained and the meaneptage recovery of B in laboratory
prepared mixtures was found to be 99+ 1.21, indicating the high selectivity of the propd
method for the determination of IRB in the presentep to 58% of the alkaline degradat

product.
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3.3. LC method

3.3.1. Method development

Method development consisted of the control of mlper of parameters, related to the efficie
of the chromatographic system. Various reversedglshromatographic columns and a serie
agueous mobile phases containing different orgaradifiers & different ratios were tested
adjust the optimum conditions. The system suitgbitests were used to verify that 1
conditions of the chromatographic system are adeqfaa the resolution and hence for
analysis [3]. A satisfactory separation s obtained with a mobile phase consisting
triethylamine: acetonitrile: 0.025 M potassium dihygen phosphate adjusted to pH (3) vo-
phosphoric acid (0.15: 40: 6v/v/v). The separation was improved with the relatherease o
the percentage ohé aqueous to organic phases. The ion pairing neagethylamine was use
in order to reduce tailing and improve resolu. The pH of the mobile phase was found tc
critical in achieving the separation between a# tompounds. pH +0.2) showed the best
resolution. To improve the precision of the metlaod to compensate for small variabilities
the instrumentation performance, OND was used astamal standard. Good separation of
cited compounds with good peaks’ shapes and minimetertion times (< 14 min) wer
obtained with that mobile phase at a flow rate 1nmm™. Quantitation was achieved with L
detection at 268m based on peak area. The retention times we89,340810, 9.968 and 11.6
min for HCZ, OND, IDP and IRB, respecely, (Fig. 5).

mAU

70 1
60
S0

40 3

d
30
20 b c
10 [L [\
. J1 | '
10 20

0

Detector response

Time (min)

Figure 5: HPLC chromatogram of a mixture of: HCZ 9.375pug/ml (t,=3.039 min) (a), OND (internal standard) 2Gug/ml
(t,=4.810 min) (b), IDP 24ug/ml (t,=9.968 min) (c) and IRB 112.5ug/ml (t,=11.630 min) (d)

3.3.2. LC method validation

3.3.2.1. Linearity

The ratios (R) of the recorded AUPs of IRB and HiGz4hat of OND were plotted against 1
corresponding concentrations (C) and linear rebatiqps were obtained The regress
equations listed in (Table 4) for each drug wasmated. n this study, 6 concentrations for et
compound were used. Ranges of linearity of eac dra mentioned in (Table 4). The linea
of the calibration curves were validated by thehhiglues of correlation coefficients (Table
The analytical data ofhe calibration curves including standard deviaidor the slope an
intercept ($ & Sy) are also summarized in (Table
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Figure 6: A typical LC chromatogram of 20 pL injector of a ternary mixture of HCZ (5 pg ml™) (a), OND
(internal standard) (20 pg mi™) (b) and IRB (60pg mi™) (c).

3.3.2.2. Precision
The precision was checked; within day (n= 3) antlvben days (n= 3) for three differe
concentrations at low, medium and high level of shandard curve. The relative stand
deviations andhe standard deviations of tablets were calculédecheck the precision of t
method (Table 4).

3.3.2.3. Accuracy

The accuracy of the method was tested by analydifigrent solutions of the cited drugs
various concentration levels in their pharmaceutitzsage forms, (Fig. 6). The results w
expressed as percent recoveries of the particolaponents in theamples. A possible matr
effect was taken into consideration. No blank malreing available, the method of stand
addition was used to ensure accuracy of the praposthod. This study was performed by
addition of known amounts of the studied gs to a known concentration of the commer
pharmaceutical tablets. The resulting mixtures veer@yzed and results obtained were show
(Table 4) indicating good accuracy of the propasethods

3.3.2.4. Selectivity

The selectivity of the methodas checked by analyzing IRB and HCZ in laborataspprec
ternary mixture with IDP. Good resolution and aleseof interference between drugs be
analyzed are shown in (Fig. tThe mean percentage recoveries were found 199.92+1.21
and 100.36+0.77 in case of IRB and HCZ, respectiv, indicating that the method is r
affected by the presence of up to 80% of IRB deaiad product. The results of syst
suitability are summarized i(Table 5). Moreover, the chromatograms of the dasnpere
chedked for the appearance of any extra peaks. No diagraphic interference from any of
excipients was found at the retention times of &xamined drugs (Fig. 6). These res
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demonstrate that there was no interference fronerotiaterials in the pharmaceutical
formulations and therefore confirm the specifiafythe method. Besides, good recoveries were
obtained in the sample indicating specificity of firoposed method (Table 4).

3.3.2.5. Limit of detection and limit of quantificaion

Limit of detection (LOD) represents the concentmatof analyte at S/N ratio of 3 and limit of
guantification (LOQ) at S/N ratio of 10 were detéred for the proposed method and results are
given in (Table 4). According to ICH recommendatiq@4], the approach based on the S.D. of
the response and the slope was used for deterntimengdetection and quantitation limits.

3.3.2.6. Robusteness

Variation of pH of the aqueous part wibkphosphoric acid by 0.2 and the organic strength of
the mobile phase by 2% didn’'t have significant e&ffen chromatographic resolution in HPLC
method.

3.4. Statistical analysis

The results of the proposed methods were compai#d those of the reference methods.
Statistical comparison of the results obtainedHeythree methods for the determination of IRB
was carried out by “SPSS statistical package verdiy. The significant difference between
groups were tested by one way ANOVA (F-test) at.p50s shown in (Table 6&7). The test
ascertained that there was no significant diffeedmetween the results.

Table (4): Determination of IRB and HCZ in ternary mixture with IDP using RP-HPLC method

Item IRB HCZ
Retention time 11.93 min 3.14 min
Wavelength of detection 269 nm 269 nm
Range of linearity 30-112.5 pg niL 2.5-9.375 ug mtt
LOD pg.mi* 2.87 0.27
LOQ pg.mi* 8.657 0.81
Regression equation t=0.0201 ng,m{l) -0.0070 R**cz=0.0825 ng_m|'1)+ 0.0409
correlation coefficient (r) 0.9996 0.9999
Standard deviation of slopeS 2.02 x 1¢ 4.16 x 1¢
Standard deviation of interceptJS 1.49 x 10 2.57 x 1¢°
Confidence limit of the slope 0.0201+ 5.7x10° 0.0825+ 1.9x10°
Confidence limit of the intercept -0.007+ 4.5x10° 0.0409+.9.5x10"
Standard error of the estimation 0.014 0.023
Intra-day

%R.S.D. 0.40-0.61 0.44 -1.82
Inter-day

%R.S.D. 0.50-0.73 0.28 - 1.85
Results

Drug in laboratory mixture 99.92+1.21 100.36+ 0.77
Drug in dosage form (Coprovl 94.69+ 1.06 96.27+ 1.05
Drug added 100.24+ 1.39 100.48+ 1.32

* Rire. Ratio of AUP of IRB at 269 nm / AUP of OND at 260.
**R,cz Ratio of AUP of HCZ at 269 nm / AUP of OND at 268.
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Table (5): System suitability results of the proposd RP-LC method

Compound N R T tr % R.S.D. of Peak Area Ratio
HCZz 1265 --- 047 - 1.83
OND 1137 2.15 0.45 1.56
IDP 1616 2.65 0.44 1.62
IRB 1412 2.27 0.41 1.39 1.91
(N: number of theoretical plates; R: resolutiont@c T: tailing factor; tz: relative retention time)

Table (6): Statistical comparison between the restd of the developed methods and the reference methéor
the determination of Irbesartan

Statistical Reference Spectrofluorimetric Spectrophotmetric RP-HPLC

term  Method® method method method
Mean 100.15 100.03 99.97 99.92
S.D.+ 1.31 1.37 1.16 1.21
S.E. + 0.59 0.61 0.47 0.49
%RSD 1.31 1.37 1.16 1.21
n 5 5 6 6
Vv 1.72 1.88 1.35 1.46
F* 2.492

*Calculated P-value= 0.075, tabulated F-value (at0p05) = 2.85.
CONCLUSION

The proposed spectrofluorimetric, spectrophotormetnd LC methods provide simple, accurate
and reproducible quantitative analyses for the yasgalRB in bulk and dosage forms. The

spectroflourimetric method has the greatest setgitiWhile the spectrophotometric and LC

methods are stability indicating. The developedcspphotometric method offered distinct

advantages in simplicity, selectivity and sendijiviThe LC method is more specific than the
spectroscopic methods. The LC method can also ée fes the simultaneous determination of
IRB and HCZ. Finally, the developed methods camuged for the quality control of the cited

drugs in ordinary laboratories.
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