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ABSTRACT

Four different methods namely, first-derivativerafio spectra, bivariate, thin layer chromatograplayd high
performance liquid chromatography were used to mieit®e rutin and ascorbic acid simultaneously in ithe
pharmaceutical dosage form. The derivative ratiect method was based on measuring the peak amgditfor
ascorbic acid at 275 and 286 nm using 2@.0nI* rutin as a divisor over a concentration range dd + 10.0ug.ml
for ascorbic acid, while rutin can be measured dile at 363 nm without interference from ascorbaidaover a
concentration range of 4.0-20y.ml" for rutin. Bivariate method is used for simultansaletermination of both
drugs over a concentration range of 2.0 — 12.0 ar— 16.Qug.ml* for ascorbic acid and rutin, respectively. The
method was based on measuring the absorbance aetheted wavelengths. A TLC separation with demstric
detection of both drugs was achieved using ethgtae: methyl isobutyl ketone: formic acid: glacéetic acid:
water [20:12:2.8:1.2:20, viviviviv] as developinghgent. The method allowed determination of rutinl @scorbic
acid in concentration ranges of 2.0-6.0 and 4.0480spot, respectively. Furthermore, a high performance lifui
chromatographic procedure with ultraviolet detecticat 270 nm was developed for the separation and
determination of the studied drugs using a C8 colwver a concentration range of 5.0-40.0 and 0B-0.g.ml*
for rutin and ascorbic acid, respectively. The nehihase is composed of ammonium acetate buffetoaitrile
[80: 20, v/v], pH was adjusted to 6.3 by orthophusic acid. The proposed methods were successfpplied for
the determination of the studied drugs in theirtomigs and in pharmaceutical formulations containthgm.

Keywords: Ratio spectra, Bivariate, TLC, HPLC, Rutin, Aduigracid

INTRODUCTION

Rutin (RU, Fig.1) is chemically known as (quercei®-(6-O-rhamnosid) glucoside) [1]. It is a well
known and widely occurring flavonoid. It is preseimt many foods, including buckwheat, onion, apple,
tea, and red wine. It is highly consumed not omlyfood, but also due to its pharmacological prapsrt
Studies have shown that RU scavenges free radiclppresses cellular immunity, has an antioxidant
and anti-inflammatory effects, as well as anti-gagenic and antimicrobial potential, and even
antihypertensive and as an adjuvant for type 2 dalésb treatment [2-7]. RU has been used in the
treatment of peripheral vascular diseases, becadfisés vascular-protective property e.g. acute chttaf
piles, metrorrhagias, circulatory disturbances eaqillary fragility disorders [3].

Vitamin C (ascorbic acid) (AA, Fig. 1) is chemigallknown as (5-methyl-2-oxo-1, 3-dioxolen-4-yl)
methoxy-4-(1-hydroxy-1-methylethyl)-2-propyl-1-{#2-{(tetrazol-5-yl) phenyl] phenyl} methyl-
imidazol-5-carboxylate [1]. It is an essential wiia for humans. Animals can make their own AA, but
people must get this vitamin from food and othewrses. Goodsources of AA are fresh fruits and
vegetables, especially citrus fruits. Its role as endogenous antioxidant is well recognized. Histdly,
AA was used for preventing and treating scurvy. sSehalays, AA is used most often for preventing and
treating the common cold [8]. Moreover, suppleméota of AA has been verified as an effective
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therapy for the treatment of certain respiratorgedses, including allergic rhiniti{9] and chronic rhino-
sinusitis [10] RU has been marketed in combination with AA irbléd dosage form (RUTA C 60
tablets). The combination of RU and AA is intendémt oral administration for altering the increa:s
fragility and permeability of capillarie
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Fig. 1: Chemical structures of Ascorbic acid (AA) ad Rutin (RU)

Various methods for the individual determina of each drug were describdike [11-14] for AA and

[15-17] for RU. Only few methods for determining the active comptsurin mixtures were reported. T

simultaneous determination of RU and AA in theirmined dosage forms has been achieved by-

spectrophotometry [18-19]electrochemical method[20], voltammetry [21], chemiluminescence [22],
capillary electrophoresis [23-26hd HPLC[27-29] and NIR FTIR [30].

MATERIALS AND METHODS

Instruments

A dual-beam UWisible spectrophotometer [Shimadzu, Japan] modd&l-1601 PC, \ith 1cm quartz
cells, connected to an IBM compatible computer wased. Bundled, U-PC personal spectrosco
software version 2.21 was used to process the piimor and the derivative spectra. The spel
bandwidth was 2nm with wavelen-scanning speed of 2800 nm ftin

TLC plates [20 cm x 10 cm, 0.25 mm)] coated witicailgel 60 F254 [Merck, Germany] were u:

Shimadzu TLC scanning densitomemodel CS 9301PC [Kyoto, Japan] with Hamiftamicro syringe [10QuL]
were used.

The chromatographic apparatus, a Shimadzu instryeladel LC-10 AD VP, equipped with a variable waveleng
UV-visible detector, Model SPDO AD VP, Degasser Model DGU-12 And a 204l volume Rheodyne injectc
The separation was performed on Zorb&8 (5um, 150mm x 4.6 mm [.D) column. The samples wepected by
the aid of a 10QL Hamiltor® analytical syringe

Materials

Samples

Reference RU and AA standards were kindly supplid Kahira Pharmaceutica& Chemical Industries
Company, Cairo,Egypt. The purity ofRU was found to be 99.40 + 0.76 (n=6), while that AA was
found to be 99.75 + 0.63 (n=6) according to tireference methods [27, Btespectively

Pharmaceutical dosage forRuta (® 60 tablets, batch No. 01159 labeled to confinmg RU and 160 mg A
expressed as base per tablet, respectively areigeddy Kahira Pharmaceutical & Chemical Indust@esnpany
Cairo, Egypt.

Reagents
All chemicals and reagents were of pure analyticatie
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-Methanol for spectroscopy work was obtained frontN&sr Pharmaceutical Chemicals Co., Cairo,
Egypt.

- For TLC work, glacial acetic acid and ethyl atetawvere obtained from SDFCL, India. Methanol
(HPLC grade), formic acid (HPLC grade) and methgbbutyl ketone were purchased from E-Merck,
Darmstadt, Germany.

-For HPLC work, de-ionized water, acetonitrile amdphosphoric acid (E-Merck, Darmstadt, Germany)
were of HPLC grade. Ammonium acetate was obtaineain f EI-Nasr Pharmaceutical Chemicals Co.,
Cairo, Egypt.

Ammonium acetate buffer 0.065 M was freshly pregdalyy dissolving 5.0 g ammonium acetate in 1 L
de-ionized water and adjusting pH to 6.3 by o-phosic acid.

Standard solutions

Stock standard solutions of RU and AA [0.2 mg.fiLin methanol were prepared for the spectroscopic
methods and TLC chromatographic method. Stock stahdsolutions of [0.1 mg.mi] of RU and AA
were prepared in the mobile phase for HPLC methdll. solutions were freshly prepared on the day of
analysis.

Procedures

Spectroscopic Methods

Derivative ratio spectrophotometric method

Aliquots from standard stock solutions of RU and Avere transferred into a series of 10-mL volumetric
flasks. The volume was completed with methanol t@pare solutions in concentration ranges of 1.0-
10.0 pg.mL™ for AA and 4.0 — 20.0pg.mL™ for RU. The spectra of AA prepared solutions were
scanned from 200 nm to 400 nm and stored in thepaten The stored spectra of AA were divided
(amplitude at each wavelength) by the spectrum @0O@.mL™" of RU. The first derivative of the ratio
spectra {DD) with AA\= 4 nm and a scaling factor = 10 was obtained. Emplitudes of the first
derivative peaks of AA were measured at 275 nm &8®nm. Calibration graphs were constructed
relating the peak amplitudes ofDD) to the corresponding concentrations of AA. Thpectra of RU
were scanned from 200 nm to 400 nm and stored. dbsorbance valuesD) of RU were measured at
363 nm without any interference from AACalibration graphs were constructed relating thesodiance
values {D) to the corresponding concentrations of RU. Tlgression equations were then computed at
the specified wavelengths and used for determinaifaunknown samples of AA and RU.

Bivariate method

Several dilutions of the two drugs were made frdme stock solutions and were used for the bivariate
calibration. Spectra of the obtained solutions weseorded and stored into the computer. The reigmress
equations were computed at 260 nm and 278 nm. Tdrceotrations of RU and AA were calculated
using the parameters of the linear regression imet evaluated individually for each component hg t
same wavelength and substituting in the followingations:

Cru = Ma2 (Ang1 - €As1) + Mar (€As2 - Aagz) / Maz Mey - May Mg
Caa = Ang1 - €A1 - Mg; Cry/ My

Where, Apsr and Axg, are the absorbance of A and B at 260 nm and 278 respectively,exs; and eng>

the sum of the intercepts of the linear calibratainthe two wavelengthsefzs; = €a + €g1), My and m, are
the slopes of the linear regressions andisCthe concentrationsp§.mL™]. The accuracy of the results
was checked by applying the proposed bivariate odetfor determination of different samples of pure
RU and AA. The concentrations were obtained from ttorresponding regression equations from which
percentage recoveries were calculated.

Chromatographic Methods

TLC-Densitometric method

Aliquots equivalent to 2.0-64@.spot” of RU standard solution and 4.0-Bspot of AA standard
solution [each, 0.2mg.mi] were applied in the form of bands on TLC platdhe band length was 4
mm and dosage speed was 150nt, $e bands were applied 12.8 mm apart from eablercand 15 mm
from the bottom edge of the plate. Linear ascendi®yelopment was performed in a chromatographic
tank previously saturated with ethyl acetate: mletisobutyl ketone: formic acid: glacial acetic acid
water [20:12:2.8:1.2:20, v/iviviviv] for 30 minutest room temperature. The developed plates were air-
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dried and scanned at 276 and 370 nm for AA and Ridpectively, using deuterium lamp, absorbance
mode at 3 mm x 0.45 mm slit dimension and scanrspged of 20 mm 'S Calibration curves relating
the optical density of each spot to the correspupdioncentration of RU and AA were constructed. The
regression equations were then computed for theliestudrugs and used for determination of unknown
samples.

HPLC method

Aliquots from stock standard solutions [0.1mg:filof RU and AA were transferred into a series of 10
mL volumetric flasks. The contents of each flaskreveompleted with the mobile phase to volume to get
a concentration range of 5.0-40i@.mI* for RU and 0.5-10.0ug.mL™ for AA. The samples were then
chromatographed using the following chromatograpbimditions: stationary phase: a 150 mm x 4.6 mm
i.d. C8 Zorbax Bm analytical column. The mobile phase consisted ashmonium acetate buffer:
acetonitrile (80: 20, v/v), pH adjusted to 6.3 bythophosphoric acid. The mobile phase was prepared
daily, filtered & sonicated before use and deliderat a flow rate of 0.8 mL.mih [isocratically at
ambient temperature (~ZH] with UV detection at 270 nm. The injection wvole was 5@0L. The
regression equations were computed and calculatimese performed following the external standard
technique. Different concentrations of unknown sasmpof AA and RU were determined using the
obtained regression equations.

Assay of laboratory-prepared mixtures

Laboratory prepared mixtures containing differerdtios of RU and AA were analyzed using the
suggested methods, aliquots of RU and AA were mitedprepare different mixtures and proceed as
mentioned under each method, then concentrationse vealculated from the corresponding regression
equations.

Assay of pharmaceutical formulation (Ruta-C 66 tablets)

Ten tablets were weighed from the dosage form dmel @average weight was calculated, tablets were
crushed to furnish a homogenous powder and cemamount of powdered tablets were dissolved by the
aid of an ultrasonic bath for 2 hours and filterdthe solutions were diluted to the same concentratf

the appropriate working solutions and proceed asrid®ed under each method.

RESULTS AND DISCUSSION

Spectroscopic Methods

Derivative Ratio Spectra Method

The derivative-ratio spectroscopy is a useful taol quantification of drugs. It could be applied fone
determination of AA in presence of RU. The zero tdeo absorption spectra of AA and RU are
overlapped (Fig.2), where AA can't be assayed, evi®lU can be determined by direct measurement of
absorbance at 363 nm without any interference frAm The linearity was confirmed by plotting the
measured absorbance value at 363 nm versus theesponding concentrations of RU over a
concentration range of 4.0-20@ml* for RU. AA can be assayed in presence of RU byidifig the
absorption spectra of different concentrations ok By the absorption spectrum of (2agmi’) RU and
then the first derivative of ratio spectt®D) were recorded (Fig. 3).

It was found that upon dividing by 20.@g.mL™ of RU, best results were obtained in terms of
sensitivity, repeatability and signal to noise aatiLinear calibration graph was obtained for AA in
concentration range of 1.0-10.0g.mL™ by recording the peak amplitudes at 275 and 286 using
20.qug.mL™* of RU as a devisor. The regression equations s@mputed and found to be:

DD,75=0.531 C+0.130  %r 0.9997) for AA

DD, =0.547 C +0.112  Xr 0.9996) for AA

%Dge= 0.0284 C + 0.0109  2(r 0.9992) for RU

Where, 'DD is the peak amplitude of the first derivativetioacurve for (AA/RU), °D is the absorbance
value of RU at 363 nm, Ghe concentration of AApg.mL™) and f is the correlation coefficient. The
precision of the proposed method was checked by ahelysis of different concentrations of authentic

samples in triplicates. The mean percentage reimsvesf AA were found to be 99.44 + 0.85 at 275 nm
and 100.76 + 1.68 at 286 nm. The linearity ranged analytical data for the calibration graphs asted
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in table 2. Results for analysis of laboratory-pmegl mixtures with different proportions of the two
drugs are given in table 3.
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Fig. 2: zero-order spectra of 10.fig.mL™* RU (.....) and 10.g.mL™* AA (—)
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Fig. 3: First-order of ratio spectra of different concentrations of AA (using 20.agmL™ RU as divisor)

Bivariate method

The bivariate calibration method may be competitaed in some cases even superior to commonly use
derivative spectrophotometric methods as applied the resolution of binary mixtures. The advantagfe
bivariate calibration method is its simplicity aride fact that derivatization procedures are notessary.
Unlike other chemometric techniques, there is noedneor full spectrum information and no data
processing is required. Calibration function wascdated ¢ > 0.9990), mi- and ei-values were taken for
the bivariate algorithm. In order to apply the bisgée method to the resolution of binary mixture RU
and AA, we first select the signals of the two coments located at six wavelengths; 242, 248, 254,
260, 272, and 278 nm. The calibration curve equoatiand their respective linear regression coeffisie
are obtained with the aim of ensuring that thereaidinear relationship between the absorbance salue
and the concentrations. All the calibration cunas the selected wavelengths showed satisfactorgatin
regression coefficientsr (> 0.9990). The slope values of the linear regressiere estimated for both
components at the selected wavelengths and used dé&ermination of the sensitivity matricek,
proposed by Kaiser's method [32]. The determinamts these matrices were calculated and the
wavelength set was selected for which the higheatrixn determinant value was obtained, table 1. For
the bivariate method determination of RU and AA wdsne using 260 nm and 278 nm. The linearity
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ranges are listed in table 2. Results of analydidaboratory-prepared mixtures with different projmns
of the two drugs are given in table 3.

Table 1: Application of Kaiser method for the seletion of the wave length set for Rutin (RU) — Ascdic acid (AA) mixture

A/ | 242] 248] 254 260  272] 278
242 0 29 862 1159 0 0
248 0 6429 996 7175 0.7182
254 0 4154 2979 2.374
260 0 00292 84.37
266 0.456  3.981%
272 0 2.962
278 0

Chromatographic Methods

TLC-Densitometric method
TLC densitometry overcomes the problem of overlagpiabsorption spectra of mixture of drugs by

separating these components on TLC plates and ndeteg each ingredient by scanning the
corresponding chromatogram. The TLC densitometriethod has the advantage of simultaneously
determining the active ingredients in multi-companedosage forms [33]. A TLC-densitometric method
could be used for the simultaneous determination Rt¥ and AA without prior separation. Different
solvent systems were tried for the separation dah bdrugs. Satisfactory results were obtained byhgish
mobile phase composed of ethyl acetate: methyl utybbketone: formic acid: glacial acetic acid; wate
[20:12:2.8:1.2:20, v/viviviv] where (R= 0.2 and 0.4 for AA and RU, respectively, (Fig.4The
separation allowed the determination of AA and Rthwo interference, (Figs.5-6).
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Fig. 4: TLC chromatogram of mixture of (1) AA and (2) RU

The linearity was confirmed by plotting the measurpeak area versus the corresponding concentrations
at 276 nm over a range of 4.0-Bgspot for AA and at 370 nm over a range of 2.0¢@Gpot for RU,
where a linear response was obtained, table 2essign equations were found to be:

A=2.58 C-0.043 r=0.998& RU).

A=0.88C-2.13 r = 0.89@0r AA).

Where A is the area integrated under the peakXfdORU and AA, C is the concentration jig.spotand r is the
correlation coefficient.
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Fig. 5: Linearity graph of AA (R = 0.20) over a concentration range (4.0-8)y.spot")

4_.000 i
3.000 :—~—~—-— __A,,,,,,,,é,,,,,,,,,,,,” e ,,,é;: T ;
Z.000 B ]
3 .000 Lo |
0.000 |- R S

—1.000

0.0 SO0 .0 100.0 150.0 200 .0
Stage Y (mimn)

Fig. 6: Linearity graph of RU (Rt = 0.40) over a concentration range (2.0-6)fy.spot?)

The precision of the proposed method was checked th®y analysis of different concentrations of
authentic samples in triplicates. The mean pergentecovery was found to be 99.81 + 1.72 for RU and
99.56 = 1.28 for AA. To assess the specificity, utmacy and selectivity of the TLC method for assdy o
both drugs without interference from one anotheynttsetic mixtures of RU and AA at various

concentrations within the linearity range were pirepl and analyzed, table3.

HPLC method

A simple isocratic high-performance liquid chrongrepphy method was developed for the
determination of RU and AA in pure form and in phaceutical formulation using a 150 mm x 4.6 mm,
i.d. C8 Zorbax Bm analytical column. The mobile phase consisted ashmonium acetate buffer:
acetonitrile (80: 20, v/v), pH adjusted to 6.3 bythophosphoric acid. The mobile phase was prepared
daily, filtered & sonicated before use and deliderat a flow rate of 0.8 mL.mih [isocratically at
ambient temperature (~28C)] with UV detection at 270 nm. The injection vola was 50L. RU and

AA were well separated and the average retentiame tfor RU was 5.008 min. while that of AA was
1.672 min. as shown in figure 7.
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Fig.7: Liquid chromatogram of AA (10.0pg.ml™) at R, 1.672 min and RU(20.fig.ml™) at R, 5.008 min

The linearity of the detector response for bothgdrwas determined by plotting peak area ratioshe t
internal standard versus concentration. The libgaranges and analytical data for the calibratiomphs
are listed in table 2. Linearity ranges were fouind be 5.0-40.0pg.mLfor RU and 0.5-10,0g.mLfor
AA using the following regression equations:

A=0.47C-0.39 r = 0.9998r(RU).
A=2.05C+1.15 r = 0.999dr(AA).

Where, A is the peak area ratio, C is the conctatraof RU and AA fig.mL] and r is the correlation
coefficient.

The precision of the method was evaluated by rappathree experiments on the same day (within-day
precision) and over 3 days (day-today precisionhe Tvariability in the peak area ratios on the
concentration of 20ug.mL™ of RU and 5.0g.mL™ of AA was determined as the precision of the assay.
The relative standard deviation values from intag-dand inter-day analysis were found to be 0.69 and
1.22 % for RU, and 0.34 and 0.64 % for AA, respedyi. Results for HPLC analysis of laboratory-

prepared mixtures with different proportions of the drugs are given in table 3.

The robustness of the HPLC method was investigabyd analysis of samples under a variety of
experimental conditions such as small changes & pt [5-7], small changes in ammonium acetate
buffer / acetonitrile ratio in the mobile phase asdhall changes in mobile phase flow rate [0.7 — 1.0
mL.minY. It was found that the method was robust when thebile phase ratio and flow rate were
varied. During these investigations, the retentibmes were modified, however the areas and peak
symmetry were conserved.
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Table 2: Assay parameters and validation of the pnposed methods for determination of RU and AA

The proposed methods
Bivariate method Derivative ratio method TLC method HPLC method
parameters RU AA
RU AA 363 nm 275 nm 286 nm RU AA RU AA
LOD 0.02 0.05
0.65 0.26 0.12 0.07 0.09 0.103 0.010
(ug.mr) (ug.spot) | (ug.spot)
LoQ 1.95 0.77 0.39 0.23 0.297 | , 0066 0.165 0.342 0.035
(Hg.mlY) (ug.spot) | (ug.spot)
Range 20-160 | 20120 | 40200 10-100 1.0-1G.0 2'0'6'% 4'0'8'?1 50-400 | 05-10.0
(Lg.mr") (1g.spot) | (ug.spot)

Slope 0.024 0.041 0.028 0.531 0.547 2.58 0.89 047 2.05
Intercept 0.03 20.021 0.01 0.13 0.112 20.04 213 039 1.15
Mean< S, | 10006 | 10038+ 99.79+ | 9944+ | 10076+ | 9981+ | 9956+ | 10057+ | 99.68 <

oD 11 1.28 0.81 0.85 1.68 1.72 1.28 1.60 0.72
Co"e'gt)' Coeff.-| 5 9995 0.9994 0.9992 0.9997 0.9996 0.9998 0.9998 9998 0.9994
RSD%* 0.13-0.17 | 0.22-0.25 065(?1‘ 0.75-0.77 | 0.81-0.83| 0.44-047 099-1.42  0.69-072 .340.37
RSD%" 0.6-0.7 0.47-0.51 067758_ 0.83-0.86 | 1.04-1.06] 1.78-18 1.04-1.47  1.22-1.06 .64-0.67

*ab |ntra-day and inter-day (n = 3) relative standadéviations of samples of RU and AA.

Table 3: Determination of RU and AA in laboratory prepared mixtures by the proposed methods

Derivative ratio method Bivariate method
Drug 575 nm 286 nm 560 nm 578 nm TLC method | HPLC method
AA | 99.53+0.69| 101.08+0.9Y 99.46+0.46 99.18338 | 99.09 +1.40 99.96 + 1.21
at 363 nm 260 nm 278 nm
RU 101.35+1.01 100.99+1.40 99.24+067 107213 | 100.98 +1.60

A statistical comparison of the results obtained thg proposed methods and the reference methods for
pure RU [27] and pure AA [31] is shown in table Bhe values of the calculated T and F are less than
tabulated ones, which reveals that there is no ifgignt difference with respect to accuracy and
precision between the proposed methods and theteepand official ones.

Table 4: Statistical analysis of results obtainedypapplying proposed methods and the reference onéx analysis of pureRU and AA

The proposed methods

Bivariate Reference methods

DD method TLC method | HPLC method
Values method
AA RU
RU A e T 5ms T asamm RY | AA | RU | AA | RU[T] | AA[3L]
Mean 100.06| 100.34 99.44 100.76 99.719 99.81 99.560.57 | 99.68 100.03 99.18
S.D. 1.11 1.28 0.85 1.68 0.81] 1.72 1.28 1.60 072 231 0.86
N 6 6 6 6 6 6 6 6 6 6 6
Variance 1.23 1.64 0.72 2.82 0.64 2.96 1.64 256 520. 1.51 0.74

T[2.23]* | 0.24 191 0.36 1.93 0.43 024 1.19 152 381 ..o | ..
F[5.05 ]* 1.23 2.22 1.03 3.81 2.29 1.96 2.32 1.9 421 ....... | ...
*The figures in parenthesis are the correspondaiytated values at P=0.05.
Analysis of Laboratory-prepared mixtures

The validity of the proposed methods for the siamdtous determination of RU and AA was assessed by
analysis of laboratory prepared mixtures containing differemttias of RU and AA and calculating the
concentrations from the corresponding regressiaatians. The results are shown in table 3.

Analysis of Tablets

The validity of the proposed methods for the arialysf the pharmaceutical formulation and the effett
possible interferences from common excipients wstedied by assaying Ruta-C “6Qablets (labeled to
contain 60 mg RU and 160 mg AA expressed as basetgidet, respectively), the results are present in
table 5.
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Table 5: Determination of RU and AA in Ruta-C 60 tdlets B.N: 01159 by the proposed methods

Derivative ratio method Bivariate method
Drug 575 nm 586 nm 260 nm 278 nm TLC method | HPLC method
AA ]99.31+059| 100.37£0.78 99.71+0.51 101.1439| 99.27 +1.23 100.78 + 1.59
363 nm 260 nm 278 nm
RU 101.6 +0.77 99.38+0.6D 100.85+1.16 99.0448 98.87 +1.45
CONCLUSION

The proposed methods are accurate and precise emd t©e used for determination of RU & AA in
their mixtures and in their pharmaceutical formiglat without prior separation. The most striking
feature of the spectrometric methods is their giiipl and rapidity. For spectroscopic methods there
was no need for time-consuming sample preparati@psssuch as filtration, degassing that are needed
for the HPLC procedure. The HPLC method is a védesanethod and may offer advantages over the
derivative method for the selective determinatioFhe TLC-method has some advantages over HPLC
such as a short run time, large sample capacity mmimal volume use of solvent. With these two
methods, one can gain the advantages of speed,cdsty- and environmental protection without
sacrificing accuracy.
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