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ABSTRACT

A simple, sensitive and accurate spectrophotometéthods have been developed for the determinafidao
phosphodiesterase type 5-inhibitoxgrdenafil HCl (VARDRNd tadalafil (TDF)in bulk drugs and pharmaceutical
preparations. The methods are based on the oxidatibthe studied drugs by a known excess of cefic(l
ammonium sulphate (CAS) in acid medium followeddé&ermination of unreacted oxidant by adding a dixe
amount of orange G (OG), rhodamine B (RB), metleylelue (MB) and methyle orange (MO) dyes followed b
measuring the absorbance at 478, 550, 664 and iPraspectively. The experimental conditions &ffgcthe
reaction were studied and optimized. The beer'swas obeyed in the concentration ranges of 1.08®10, 1.0-
12 and 1.0-12,g mL*for VARD using OG, RB, MB and MO methods, respalgtiand 2.0-12, 1.0-12 and 1.0-1§
mL* for TDF using OG, RB and MB methods, respectivélly a correlation coefficient 0.9990. The calculated
molar absorptivity values are 4.5874 x*.3.4207 x 16, 2.1705 x 16 and 4.3091 x 1L mol* cm* for VARD
using OG, RB, MB and MO methods, respectively aB0i8® x 10, 5.2058 x 10 and 3.3342 x 1HL mol* cm* for
TDF, using OG, RB and MB methods, respectively.liftits of detection and quantification were repatt Intra-
day and inter-day accuracy and precision of thehod$s have been evaluated. No interference was widdrom
the additives and the applicability of the methodswiested by analyzing the pharmaceutical prepansti
containing the investigated drugs. The methods waoeessfully applied to the assay of VARD and rDiblet
preparations and the results were statistically pamed with those of the reported methods by apgl§ftudent’s t-
test and F-test. The reliability of the methods viiasher ascertained by performing recovery studising the
standard addition method.

Keywords: Spectrophotometry; Vardenafil HCI; Tadalafil; G€H/); Tablets.

INTRODUCTION

Vardenafil hydrochloride (VARD) is designated cheally as piperazine, 1-[[3-(1,4-dihydro-5-methybte-7-
propylimidazo[5,1-f] [1,2,4]triazin-2-yl)-4-ethoxghenyl] sulfonyl]-4-ethyl-, monohydrochloride andchdalafil
(TDF) is designated chemically as R@ans)-6-(1,3-benzodioxol-5-yl)- 2,3,6,7,12,12addeydro-2-methyl-
pyrazino [1', 2"1,6] pyrido[3,4]indole-1,4-dione (Figure 1). VARD and TDF are wigeised as a selective
phosphodiesterase type 5- inhibitor (PDE5S) in timanagement of erectile dysfunction [1,2]. Extenditerature
survey revealed that the determination of VARD amiF in pure and dosage forms are not official iy ahthe
pharmacopoeias and therefore, require much moesiigation.
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Figure 1. The chemical structure of vardenafil hydochloride and tadalafil

Few reports for the determination of VARD in putahlet dosage forms and biological fluids have beeveloped
with the help of a variety of analytical tools inding high performance liquid chromatography [HPI&L2], gas
chromatography [13,14], capillary electrophoredis,]16], electrochemical methods [17,18] and atoemtdssion
spectrometry [19-21]. Several analytical methodgehaeen reported for the estimation of TDF in dgidal fluids
or pharmaceutical dosage forms include HPLC [22-3idLid chromatography-tandem mass spectrometth wi
electrospray ionization [35-37], micellar electrddic capillary chromatography [38] and atomic esiais
spectrometry [20,21].

Table 1. Comparison between the report spectrophotoetric method for determination of VARD and TDF

Wavelength BES\:S Molar Detection
Method 9 absorptivity limit Remarks References
(nm) (ng 11 1
mL) (L mol~cm™) (ng mL™)

VARD
3-methyl-2-
benzothiazolinone 628 4.0-40 NA 0.044 (39)
hydrazone Less sensitive, less stable species measured
hydrochloride/FeGl ! p
4»am|nloant|pyr|ne / 53C 4.0-60 NA 0.035
potassium periodate
BCG 41€ 2.0-14 2471 x 10 0.56
BCP 41C 2.0-20 1.302 x 10 0.49 R ired cl H | and involved .
BTB 217 1.0-12 2.594 x 10 0.27 equire ci‘ose p co(?tro and involved extractiteps (40)
BPB 417 2.0-14 3.284 x 10 0.53 organic solvent is use
MO 42¢ 1.0-20 2.48x 10 0.26
Ce(lV) /(a) OG 47¢ 1.0-8.0 4.5874 x 10 0.24 Highly sensitive and selective, no heating or ettom
(b) RB 55C 1.0-10 3.4207 x 10 0.26 step, Inexpensive instrumental setup, use of exudty Present
(c) MB 664 1.0-12 2.1705 x 10 0.21 chemicals, and work
(d) MO 51C 1.0-12 4.3091 x 10 0.28 agueous system
TDF
Ce(IV)/ methyl orange 507 18-60 1.0464 %10 10.5 Less sensitive
N-bromosuccinamide/ (45)
indigo carmine 610 10-55 1.4922 x 0 5.3
Ce(IV)/ Indigo carmine 610 11-50 0.8119 x*10 35 Less sensitive (46)
Ce(IV)/ methylene blue 600 10-55 0.8367 ¥ 10 2.3
?ég“;;’”eso' purple 410 2.0-16 1.332 x 10 0.092 Less sensitive, involves pH )

control, extraction step
Methyl orange (MO) 425 2.0-20 1.033 x'10 0.11
Bromothymol blue
(BTB) 420 10-50 NA 223 Less sensitive, involves pH (48)
(Bégnéc)mresol green 215 10-50 NA 236 control, extraction step
Isatin 665 2.0-10 7.70 x 16 NA "
Xanthydrol 640 4.0-20 2.59x 10 NA Less sensitive, use conc;30; (49)
3-methyl-2-
benzothiazoline 676 2.0-12 NA 0.0157 Heating required (50)
hydrazone (MBTH)
Ce(IV) /(a) OG 47¢€ 2.0-12 3.3086 x 10 0.54 Highly sensitive and selective, no heating or ettom

) step, Inexpensive instrumental setup, use o Present

(b) RB 55¢ 1010  5.2058 x 10 0.23 . ive i ' f ety

chemicals, and work
(c) MB 664 1.0-15 3.3342x 10 0.27 aqueous system

NA: not availablez.

All the above methods developed for the quantificatof VARD and TDF employed complex analytical
instruments for their estimation mainly in bulk drpowders, tablet dosage forms and biological §uldowever,
most of these methods aremplex,require expensive experimental setup and skilledguel, suffer from time-
consuming procedures, and are inaccessible to nadnoyatories in developing and under developedonatiln
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contrast, visible spectrophotometry is consideetha most convenient analytical technique in nqostity control
and clinical laboratories, hospitals and pharmacauindustries for the assay of different classedrugs in pure,
pharmaceutical formulations and biological sampliess to its simplicity and reasonable sensitiviithvsignificant
economic advantages.

To the best of our knowledge, there are some methade been reported for the quantification of VAR TDF
in commercial dosage forms using a spectrophotaenttchnique (38-50) (Table 1). However, these ioesly
reported methods suffer from one or the other disathge such as poor sensitivity, depending oricafit
experimental variables, few methods require a rigitl control and tedious and time-consuming liquimgtl
extraction step; some other methods have a relatharow dynamic linear range, involve a heatibgps and/or
use of expensive reagent or large amounts of acgsolvents. For these reasons, it was worthwhildeteelop a
new, simple, cost effective and selective specwaphetric method for the determination of VARD aridF their
pharmaceutical dosage forms.

Orange G (OG), rhodamine B (RB), methylene blue YNMBd methyle orange (MO) dyes are well known Fairt
high absorptivity and have been utilized for estiora of excess oxidant. The present work aims teelig a
simple, rapid, sensitive, accurate, precise andai@d spectrophotometric method for the estimadbWARD and
TDF in pure and dosage forms. The method is basdtieoxidation of the investigated drugs with Isligxcess of
CAS in acidic medium. The unconsumed of CAS is thstimated by adding a fixed amount of OG, RB, M8 a
MO dyes to form colored species which absorbs mabkynat 478, 550, 664 and 510 nm, respectively.

MATERIALS AND METHODS

Apparatus

All absorption spectra were made using Varian U\&-$fpectrophotometer (Cary 100 Conc., Australia)pgepd
with 10 mm quartz cell was used for absorbance oreasents. This spectrophotometer has a wavelergtiracy
of £0.2 nm with a scanning speed of 200 nm/min ar@hndwidth of 2.0 nm in the wavelength range di-200
nm.

Materials and reagents
All chemicals, solvents and reagents used in tlaskwvere of analytical reagent or pharmaceuticadgrand all
solutions were prepared fresh daily. Bidistilledte@vavas used throughout the investigation.

Reference standard of pure drugs
Pharmaceutical grade VARD and TDF working standead kindly supplied by their respective manufacture
Egypt, without any conflicts of interests in oubstitted paper.

Pharmaceutical formulations

The following tabletavere purchased from local commercial markets. kav@blets are labeled to contain 10 mg
VARD per tablet (Bayer HealthCare Pharmaceutidaksrmany). Powerecta tablets are labeled to cor@@img
VARD per tablet (Eva Pharma Company Giza, Egyp8tdénodeb tablets are labeled to contain 20 mg VARD
tablet (Debeiky Pharmaceutical, Cairo, Egypt). iStatablets, labeled to contain 20 mg TDF per tak#it (illy,
Australia). Snafi tablets, labeled to contain 20 mg TDF per tabBzudi Pharmaceutical Industries & Medical
Appliances Corporation (SPIMACO), Al-Qassim, SaAdabia.

Standard solutions

A stock standard solution (100 pg MLof VARD and (200 ug mt) TDF was prepared by dissolving 10 and 20
mg of pure VARD and TDF, respectively in bidistdlevater and methanol, respectively further diluied 00 mL
with the same solvent in a 100 mL measuring fld$ie standard solutions were found stable for attleae week
without alteration when kept in an amber colorettle@nd stored in a refrigerator when not in use.

Reagents

Cerium(IV) ammonium sulphate (5.0 x 1Gmol L™)

A stock solution of 5.0 x T&mol L™ cerium(IV) ammonium sulpha€€AS) (E-Merk, Darmstadt, Germany) was
freshly prepared by dissolving 316.2 mg CAS in lémst amount of 80, (2.0 mol L") then completed to the
mark in a 100 mL calibrated flask with the samelaaid kept in a dark bottle and a refrigerator whetnin use.

Sulfuric acid (H,SOy) (2.0 mol LY
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A stock solution of 2.0 mol ! H,SO, was prepared by adding 10.8 mL of concentrated @dierck, Darmstadt,
Germany, 98%, Sp. Gr. 1.84) to bidistilled watexoled to room temperature, transfer to 100 mL wiidsasuring
flask, diluted to the mark and standardized asroemif51).

Dyes (100Qug mL™)

A stock solutions (100@g mLY) orange G (OG), rhodamine B (RB), methylene bIM&Y and methyle orange
(MO) were first prepared by dissolving accuratelighed 112 mg of each dye (Sigma-aldrish, 90 %adygent)
in bidistilled water and diluting to volume in a@@L calibrated flask. The solution was then ditige0-fold for
OG to get the working concentration of 20§ mL* or diluted 10-fold for RB, MB and MO to get the fking
concentration of 10Qg mL™.

Recommended general procedures

For VARD

Different aliquots (0.0-0.8 mL), (0.1-1.0 mL), (6112 mL) and (0.1-1.2 mL) of a standard 109 mL* VARD
solution using OG, RB, MB and MO methods, respetyivwere transferred into a series of 10 mL caliéd flasks
followed by adding 1.0 mL of 2.0 mol'tH,SO, and 1.0 mL of (5.0 x Idmol L") CAS solution. The flasks were
stoppered and the contents were mixed well andldéls&s were kept aside for 5.0 min with occasicstadking.
Finally, 1.0 mL of (200ug mL™) OG and (10Qug mL™) RB, MB or MO dye solution was added to each flask
mixed well, and then the volume was diluted to itherk with bidistilled water. The decrease in cdluensity of
dyes were measured after 5.0 min against reagemk bdolution treated similarly omitting the drud, their
correspondingumax 478, 550, 664 or 510 nm, respectively. The comaéion of unknown was determined in each
case from calibration graph which obtained by pigtthe concentration of VARD against absorbance.

For TDF

Different aliquots (0.2-1.2 mL), (0.1-1.0 mL) an@l1-1.5 mL) of a standard 1Q& mL™* TDF solution using OG,
RB and MB methods, respectively, were transfernéd a series of 10 mL calibrated flasks followedduolging 1.0
mL of 2.0 mol ! H,SO, and 1.0 mL of (5.0 x T®mol L) CAS solution. The flasks were stoppered and the
contents were mixed well and the flasks were ksjateafor 5.0 min with occasional shaking. Finally2 mL of OG
(200 pg mLY) and RB or MB (10Qug mL™) dye solution was added to each flask and mixeli, wed then the
volume was diluted to the mark with bidistilled watThe decrease in color intensity of dyes werasued after
5.0 min against reagent blank solution treatedlangi omitting the drug, at their correspondihg.x 478, 550 or
664 nm, respectively. The concentration of unknavas determined in each case from calibration grapich
obtained by plotting the concentration of TDF agaabsorbance.

Procedure for pharmaceutical formulations (tablets)

The contents of ten tablets of each drug were atelyrweighed and ground into a fine powder. Aruaate weight
of the powdered tablets equivalent to 20 mg VAR wissolved in bidistilled water or 20 mg TDF wassdlved
in methanol with shaking for 5.0 min and filteresing a Whatman No. 42 filter paper. The filtratesvailuted to
the mark with bidistilled water for VARD or methdrfor TDF in a 100 mL measuring flask to give ar@zg mL

! stock solution of VARD or TDF for analysis by theoposed methods. Determine the nominal contenhef t
tablets using the corresponding regression equafitime appropriate calibration graph.

RESULTS AND DISCUSSION

Absorption spectra

Cerium(lV) ammonium sulphate, because of its higlilation potential and excellent solution stabjlihas been
widely used as an effective analytical reagent pectrophotometric methods for the determinationnany
pharmaceutical compounds (52-56). The proposedrgpéotometric method for the determination of VARDd
TDF is indirect and involves two steps namely:

1. Oxidation of the studied drugs with a known esscef CAS in acidic medium at room temperature23C).

2. Determination of the residual CAS by reactingiih a fixed amount of OG, RB, MB or MO dyes andasuring
the increase in absorbancé\at, 478, 550, 664 or 510 nm, respectively (Scheme 1).

H+
Drug+Known excess of Ce(N)— Oxidation product of drug Ce(lll) + Unreacted Ce(IV)
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Unbleached color of OG measured at 478nm

Unbleached color of RB measured at 550 nm

Unreacted Ce(lV)

Unbleached color of MB measured at 664 nm

Unbleached color of MO measured at 510 nm

Scheme 1. The suggested reaction pathway for theqposed spectrophotometric methods using CAS and dye

Optimization of the reaction conditions
The optimum conditions for the assay procedurescatat development for each method have been éstabl by
varying the parameters one at a time, keeping thers fixed and observing the effect produced enattsorbance

of the colored species.

Effect of acid type and concentration

In order to investigate the effect of acid concatitin, different types of acids were examined (HGSO,, HiPO,,
HNO; and CHCOOH) to achieve maximum yield of redox reactiofise results indicated that the sulphuric acid
(H,SQy) (2.0 mol L) was the most suitable acid with CAS as oxidardrédver, different volumes (0.2—3.0 mL) of
2.0 mol L* H,SO, were tested and found to be a constant absorhease®btained with 0.5-1.5 mL of,80; (2.0
mol L), so 1.0 mL of HSO, (2.0 mol L) was the optimum volume for subsequent studied®édh drugs (Figure

2).

——0G —{1—RB —A— MB ——MO

0.6

0.4- ‘__‘/‘_\‘\‘\_‘\A\*/A

0.2+

Absorbance

Volume of H,SO, (2.0 mol L'l), (mL)

Figure 2. Effect of volume of HSO, (2.0 mol L) on the absorbance of 8.0 ug mtVARD with CAS (5.0 x 10° mol L) and (200 pg mL*)
OG or (100 pug mLY) RB, MB and MO dyes

Effect of CAS concentration
The influence of the concentration of CAS on theambance of the colored products was investigatdgu

different volumes of 5.0 x Tmol L™ CAS solution from (0.25-3.0 mL). The results indi&that the maximum and
constant absorbance was obtained using 1.0 mLOot 30° mol L™ CAS solution and the color intensity decreased
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above the upper limits. Therefore, 1.0 mL of 5.00¢ mol L™ CAS was taken as the optimum concentration for all
measurements (Figure 3a, 3b).

——0G —1—RB —A— MB —X—MO
1
XX
x—X X a
0.9 1
X/
0.8 1
0.7 1
8 0.6
C
8
5 0.5
3
< 0.4
0.3
0.2 1
0.1+
0 T T T T T T
0 0.5 1 15 2 25 3 3.5
Volume of (5.0 x 10° mol L'l) CAS, (mL)
——0G -+RB —A— MB
1.6
1.4- b
1.2
8 1+
[
5]
2 0.84
o
a2
< 0.61
0.4
0.2 1
O T T T T T T
0 0.5 1 1.5 2 25 3 35

Volume of (5.0 x 10° mol L) CAS, (mL)

Figure 3. Effect of volume of CAS (5.0 x I®mol L™) on the reaction product of (a) VARD (8.0 pg mt) and (b) TDF (10 pg mL™Y) with
CAS and dyes in HSO, medium

Effect of dye concentration

The effect of dye concentration on the intensitytied color developed was carried out to obtain dhgmum
concentration of dyes that produces the maximumrapobducible color intensity by reducing the residof CAS.
The effect dye concentration was studied usingeciffit volumes (0.25-3.0 mL) of the studied dyes Q@ ug
mL™) and RB, MB and MO (10Qg mL™Y). It was observed that maximum color intensitythaf oxidation products
was achieved with 1.0 mL of OG, RB, MB and MO dyduion in case of VARD. Whereas, It was found that
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maximum color intensity of the oxidation productasaachieved with 1.2 mL of OG, RB and MB dye solui,
respectively for TDF (Figure 4a and 4b). The colas found to be stable up to 24 h.

——0G —{1+—RB —A— MB —>%— MO

17
a
0.8

0.7 /‘;F’HD/D
0.6 - ——— ¢
0.5
0.4 -
0.3
0.2

0.1+

0 T T T T T T
0 0.5 1 15 2 2.5 3 3.5

Absorbance

Volume of dyes, (mL)

——0G ——-RB —A— MB

1.6

1.2

0.8 1

Absorbance

0.4

O T T T T T T
0 0.5 1 15 2 2.5 3 3.5

Volume of dyes, (mL)

Figure 4. Effect of volume of dyes on the reactioproduct of (a) VARD (8.0 pg mL*) and (b) TDF (10 pg mL™*) with CAS and dyes in
H,SO, medium

Effect of temperature and mixing time

The effect of temperature was studied by heatisgrees of sample and blank solutions at differenipgeratures
ranging from 20 to 60 °C in water bath. It was fduhat raising the temperature does not accelénatexidation
process and does not give reproducible resultsyaomum color intensity was obtained at room terapge (25+2
°C). The effect of mixing time required completingidation of the studied drugs and for reducing ¢xeess
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oxidant was studied by measuring the absorbansamfle solution against blank solution preparedlaily at

various time intervals 2.0-20 min. It was foundtttiee contact times gave constant and reproducibsorbance
values at 5.0 min for both drugs. After oxidatiorogess, 5.0 min standing time was found necessaryhe

complete bleaching of the dye color by the residi@ab for both drugs and the absorbance of the ciedalye was
stable for at least 24 h, thereafter.

Effect of sequence of addition

After optimizing all other experimental variabldésrther experiments were performed to ascertainrifieence of
sequence of addition of reactants on the colorldpweent by measuring the absorbance. The optimumesee of
addition was drug—p$0O,—CAS—dye. Other sequences gave lower absorbanaesvahder the same experimental
conditions.

Method validation
The proposed methods have been validated for ligeaensitivity, precision, accuracy, selectivityd recovery.

Linearity and sensitivity

Under the optimum conditions a linear correlatioasviound between absorbancé.gi, and the concentration of
VARD and TDF in the ranges of 1.0-8.0, 1.0-10, 120and 1.0-12ig mL™*for VARD using OG, RB, MB and MO
methods, respectively and 2.0-12, 1.0-12 and 1.0gl®L* for TDF using OG, RB and MB methods, respectively.
The calibration graph is described by the equation:

A=a+bC )

Where A= absorbance, a= intercept, b= slope and@rrentration irng mL*, obtained by the method of least
squares. Correlation coefficient, intercept angbslof the calibration data are summarized in TablEor accurate
determination, Ringbom concentration range (§&$ calculated by plotting log concentration ofglin pg mL™
against transmittance % from which the linear portof the curve gives an accurate range of micesdehation of
VARD and TDF and represented in Table 2. Sensjtiyiarameters such as apparent molar absorptivity an
Sandell’'s sensitivity values, as well as the lintfdetection and quantification, were calculatsdar the current
ICH guidelines (58) and illustrated in Table 2. Thigh molar absorptivity and lower Sandell’'s saugit values
reflect the good and high sensitivity of the pragbsnethods. The validity of the proposed methods evaluated
by statistical analysis (58) between the resultseaed from the proposed methods and that of therted method.
Regarding the calculated Studenttest and variance ratib-test (Table 2), there is no significant difference
between the proposed and reported methods (40ed@)ding accuracy and precision.

Table 2. Analytical and regression parameters of mposed oxidation spectrophotometric methods for detmination of VARD and TDF

Parameters VARD TDF
OG RB MB MO OG RB MB
Beer's law limits, pg mtt 1.0-8.0 1.0-10 1.0-12 1.0-12 2.0-12 1.0-10 1.0-15
Ringboom limits, ug mtt 3.0-60 3.0-80 3.0-10 3.0-10 4.0-10 3.0-8.0 3.0-12
Molar absorptivity, x 16 4.5874 3.4207 2.1705 43091 3.3086 5.2058 3.3342
(L mol* cm?)
Sandell sensitivity, ng ch 12.24 16.42 25.87 13.03 11.77 7.48 11.68
Regression equatidn
, Intercept (a) 0.0019 0.0062 -0.0021 -0.0019 -0.004®.003 -0.0048
SD of intercept ($ 0.012 0.018 0.023 0.028 0.008 0.007 0.014
B Slope (b) 0.0793 0.0564 0.0386 0.0757 0.086 0.1365B0967
N SD of slope (§ 0.027 0.009 0.017 0.015 0.025 0.029 0.031
1 Correlation coefficient, (r) 0.9993  0.9990 0.9993 9993 0.9997 0.9994 0.9995
Mean = SD 99.49+ 100.21+ 99.27+ 99.31+ 99.59+ 99.98+ 99.43+
0.98 1.12 131 1.04 1.10 1.20 1.33
RSD% 0.99 1.12 1.32 1.04 1.10 1.20 1.34
RE% 1.03 1.17 1.39 1.10 1.16 1.26 1.40
Limit of detection, ug mtt 0.24 0.26 0.21 0.28 0.54 0.23 0.27
Limit of quantification, ug mt* 0.80 0.87 0.70 0.93 1.80 0.77 0.90
Calculated-value” 1.46 0.09 151 1.73 1.11 0.36 1.0
CalculatedF-value® 2.27 2.97 4.06 2.56 1.38 1.16 1.06

@A =a+bC, where C is the concentration in g TIA is the absorbance units, a is the interceyis, the slope.
® The theoretical values of t and F are 2.57 and5t8spectively at confidence limit at 95% conficketevel and five degrees of freedom (p=
0.05).

The limits of detection (LOD) and quantification@Q) were calculated according to the same guidelirsing the
formulas(58, 59):
LOD=3.%/s and LOQ=1Is (2)
160
Scholar Research Library



Ayman A. Goudaet al Der Pharmacia Lettre, 2016, 8 (15):153-165

Whereo is the standard deviation of five reagent blaniedrinations, and s is the slope of the calibratiorve.

Accuracy and precision

In order to evaluate the precision of the proposedhods, solutions containing three different cotregions of
VARD and TDF were prepared and analyzed in sixicap#s. The analytical results obtained from thisstigation
are summarized in Tables 3 and 4. Lower valuebhef¢lative standard deviation (R.S.D%) and peaggntelative
error (R.E%) indicate the precision and accuracytlef proposed methods. The percentage relative é&ro
calculated using the following equation:

found - taken

taken

The assay procedure was repeated six times, amrage relative standard deviation (R.S.D%) valuese
obtained within the same day to evaluate reped#talihtra-day precision) and over five differerdys to evaluate
intermediate precision (inter-day precision).

%R.E.= x 100 ®3)

For the same concentrations of drugs inter- andh4thdy accuracy of the methods was also evaluakad.
percentage recovery values with respect to fountceuatrations of each drug were evaluated to asoetti@
accuracy of the methods. The recovery values ¢tn4®0% as compiled in Tables 3 and 4 shows tleaptbposed
methods are very accurate.

Table 3. Results of intra-day and inter-day accurag and precision study for VARD obtained by the propsed methods

Taken Intra-day Inter-day
Method (ng Recovery Precision Accuracy Confidence Recovery Precision Accuracy Confidence

mlL?) % RSD%°  RE % Limit % RSD %°  RE % Limit
0G 20  99.50 0.42 050  pO% 99.10 0.47 090 1%
40 99.10 0.69 090 390 9960 0.82 040 358r
60  99.40 0.87 060 %4 10030 115 10 808
RB 2.0 99.30 057 -0.70 16?0816; 99.80 0.63 -0.20 1(')?35;
4.0 99.90 0.80 010 390 9900 0.96 010 3J0F
80  99.20 1.10 080 "9%0% 100,60 1.30 060  BJ0*
MB 20 10040 0.0 040  Z09E 9950 0.53 050 LI
6.0 99.70 0.93 -0.30 56?(?:8* 99.20 072 -0.80 56?5251'
10 99.10 131 090 %90 10070 0.96 070 RDTF
MO 20  99.00 0.67 200 19 9960 0.64 040  LI9ZE
60  100.20 0.92 0.20 669015281 99.10 076 -0.80 56?3271'
10 10050 1.25 050 1905+ 9960 1.40 040  %%%0*

@ RSD%, percentage relative standard deviation; Reétcentage relative error.
P Mean +standard error.

Robustness and ruggedness

Robustness was examined by evaluating the influesicesmall variation of method variables, including
concentration of analytical reagents and reactiore ton the performance of the proposed methodshédse
experiments, one parameter was changed whereashitrs were kept unchanged, and the recovery pagemwas
calculated each timeThe analysis was performed with altered conditimnsaking three different concentrations of
drugs and it was found that small variation of roethariables did not significantly affect the prdaees as shown
by the RSD values in the ranges of 0.70-2.50% a88-8.35% for VARD and TDF, respectively. This pamd an
indication for the reliability of the proposed metis during its routine application for the analysfsvARD and
TDF and so the proposed spectrophotometric methadsonsidered robust. Ruggedness was expressiael RSD
and was also tested by applying the proposed mettiothe assay of VARD and TDF using the same oipea
conditions but using three different instrumentsaadl as three different anaysts. The inter-analy®ED were in
the ranges 0.90-2.40% and 0.75-2.40% for VARD abé&,Trespectively, whereas the inter-instruments R&iged
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from 0.70-2.25% and 0.80-2.40% for VARD and TDFspectively suggesting that the developed methods we
rugged. The results are shown in Table 5.

Table 4. Results of intra-day and inter-day accurag and precision study for TDF obtained by the propsed methods

Taken Intra-day Inter-day
Method (ng Recovery Precision Accuracy Confidence Recovery Precision Accuracy Confidence
mL ") % RSD %32 RE % Limit ° % RSD %? RE % Limit °
0G 4.0 99.30 0.70 -0.70 36?072291 100.10 0.60 0.10 4(')(_)8;‘;
8.0 99.00 0.65 100 "2 9950 0.88 050 00«
12 99.70 0.89 -0.30 1(1)'3% ¥ 99.30 132 -0.70 1(1)'3%32 *
RB 2.0 99.10 0.63 -0.90 16?0812; 99.60 0.45 -0.40 16?(?5;
4.0 99.20 0.85 080 398 9900 0.76 100 3902
8.0 100.40 1.30 0.40 8'00i21 * 99.40 1.10 -0.20 76?(?:;
MB 4.0 99.30 0.70 -0.70 36?522; 100.50 0.68 0.50 ‘8%223
80  100.70 0.94 070 B0%% 9870 0.95 0go T80
12 99.00 1.45 -0.60 1()1"i38811 100.30 1.20 0.30 1%'2%‘1 *

2 RSD%, percentage relative standard deviation; Reét¢centage relative error.
® Mean +standard error.

Table 5. Results of method robustness and ruggedrse@ll values in RSD%) studies for VARD and TDF.

RSD%
Nominal amount Robustness Ruggedness
Methods concentration Variable alerted
(ng ML) Reagent Reaction Different Different
volume (n=3) time (n=3) analysts (n=3) instruments (n=3)
VARD

oG 2.0 1.15 0.70 0.90 0.85
4.0 1.56 1.40 1.60 1.40

6.0 1.90 2.20 2.10 2.40

RB 2.0 1.20 0.80 1.05 1.10
6.0 1.70 1.40 1.45 1.50

8.0 2.00 2.30 2.10 2.25

MB 2.0 0.80 1.15 1.20 1.30
6.0 1.60 1.70 1.65 1.50

10 2.40 2.50 2.40 2.10

MO 2.0 0.90 0.70 1.20 0.75
6.0 1.70 1.30 1.65 1.40

10 2.30 1.80 2.40 2.20

TDF

0OG 4.0 0.70 1.08 0.80 0.90
8.0 1.10 1.65 1.25 1.40

12 1.70 2.35 1.90 2.10

RB 2.0 0.90 0.87 0.70 1.30
4.0 1.52 1.35 1.20 1.90

8.0 2.05 1.80 1.95 2.40

MB 4.0 0.84 0.65 1.10 0.80
8.0 1.40 1.20 1.75 1.50

12 2.30 1.80 2.25 2.20

2 Volume of (2.0 molt) H,SQ is (1.040.2 mL) and reaction time is (5.0£2.0 m{ajter adding CAS were used.

Recovery studies

To ascertain the accuracy, reliability and validitythe proposed methods, recovery experiment veafopned
through standard addition technique. This study performed by spiking three different levels of @uarugs (50,
100 and 150% of the level present in the tableg fixed amount of drugs in tablet powder (pre-gsed) and the
total concentration was found by the proposed nithdhe determination with each level was repetieb times
and the percent recovery of the added standaratabeslated from:

% Recovery = I%FT]_X 100 (4)
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WhereCk is the total concentration of the analyte fou@sl,is a concentration of the analyte present in didet
preparation,Cp is a concentration of analyte (pure drugs) addethblets preparations. The results of this study
presented in Table 6 revealed that the accuraglieoproposed methods was unaffected by the vageaipients
present in tablets which did not interfere in theay.

Table 6. Results of recovery experiments by standdraddition method for the determination of VARD and TDF in tablets using the
proposed methods

Taken Pure oG RB MB MO
drug in drug Total Total Total Total
Samples tablet Added  found Recovery found  Recovery® found  Recovery® found  Recovery?
(ng ML) (ng (ng (%) + SD (ng (%) + SD (ng (%) + SD (ng (%) + SD
mL?Y) mL?Y mL %) mL %) mL?)
Levitra 3.0 15 4.464 99.240.30 4.446 98.860.40 4.469 99.360.37 4.473 99.460.47
tablets 3.0 3.0 5.958 99.3.61 5.976 99.660.75 5.94 99.0£0.50 6.006 100.1D.73
\(/]erB? 3.0 4.5 7.463 99.5.89 7.448 99.361.20 7.418 98.960.90 7.545 100.6€1.25
Powerecta 3.0 1.5 4.536 100.80.52 4.478 99.560.60 4.455 99.060.55 4.487 99.HD.70
tablets 3.0 3.0 5.94 99.0D.72 6.018 100.3¢D.84 5.946 99.140.70 5.952 99.260.85
\(/i(\)RnI;? 3.0 4.5 7.478 99.0.96 7.418 98.90.95 7.53 100.461.10  7.463 99.561.30
Verdenodeb 3.0 1.5 4.455 99.6f0.50 4.464 99.260.55 4.482 99.660.49 4.460 99.140.51
tablets 3.0 3.0 5.976 99.6.73 5.922 98.7D.92 6.042 100.A#D.67 5.964 99.440.86
\(/Z/A?erg? 3.0 4.5 7.433 99.1D.90 7.448 99.311.40 7.478 99.40.90 7.508 100.1D.96
Cialis® 4.0 2.0 6.024 100.40.49  5.946 99.140.60 5.964 99.480.70
tablets 4.0 4.0 7.96 99.5D.65 7.984 99.860.80 8.056 100.74D.95
(20 mg TDF) 4.0 6.0 10.01 100.31.03 9.95 99.561.05 9.94 99.401.10
Snafi® 4.0 2.0 5.94 99.08D.48 5.958 99.360.38 6.012 100.260.50
tablets 4.0 4.0 7.944 99.3M.71 7.976 99.74D.74 7.968 99.661.05
(20 mg TDF) 4.0 6.0 9.85 98.56).95 9.92 99.260.98 9.91 99.161.20

2 Average of six determinations.

Table 7. Results of analysis of tablets by the praged methods for the determination of VARD and TDFRand statistical comparison with
the reference methods

Recovery” (%) + SD
Samples Proposed Methods
oG RB MB MO Reported methods
Levitra tablets o
(10 mg VARD) 99.50 £0.47 99.40+0.52 99.70+0.84 100.20 80.7 99.92 + 0.64
t-value® 1.18 141 0.47 0.62
F-value® 1.85 1.51 1.72 1.49

Powerecta tablets 0
(20 mg VARD) 99.60+0.39 99.86+0.90 99.50+0.76 99.30 +0.60 99.90 + 0.67
t-value® 1.47 0.08 0.88 1.49
F-value® 2.95 1.80 1.29 1.25

Verdenodeb tablets 40
(20 mg VARD) 99.80 £ 0.98 99.10+0.58 100.10+£1.04 99.30+0.60 ©9.6.72

t-value® 0.55 0.97 1.06 0.48

F-value® 1.85 1.54 2.09 1.44

Cialis® tablets .
(20 mg TDF) 99.42+0.40  99.90+0.63  100.20+0.35 99.79+0%56
t-value® 1.20 0.29 1.39

F-value® 1.96 1.27 2.56

Snaff’ tablets

(20 mg TDF) 99.20+0.46  99.10+0.82  99.25+0.68 99.60+0'51
t-value® 1.30 1.16 0.92

F-value® 1.23 2.59 1.78

@ Average of six determinations.
P The theoretical values of t and F are 2.571 arib5respectively at confidence limit at 95% coniitielevel and five degrees of freedom (p =
0.05).

Application of pharmaceutical formulations (tablets

The proposed methods were applied to the deteribimaitf VARD and TDF in pharmaceutical formulations
(tablets). The results in Table 7 showed that tle¢hods are successful for the determination of VAdI TDF
and that the excipients in the dosage forms dontetfere. A statistical comparison of the resoligained from the
assay of VARD and TDF by the proposed methods hedeported methotfs*’ for the same batch of material is
presented in Table 7. The results agree well with label claim and also were in agreement with résilts
obtained by the reported methods (40, 47). Whenrdhelts were statistically compared with those¢hef reported
methods by applying the Studert:test for accuracy and F-test for precision,daleulated t-value and F-value at
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95% confidence level did not exceed the tabulagdes for five degrees of freedom (59). Hence, igaificant
difference between the proposed methods and thategpmethods at the 95 % confidence level witlpees to
accuracy and precision.

CONCLUSION

A new, useful simple, rapid and cost-effective sfgahotometric methods have been developed forméiation
of VARD and TDF in bulk drugs and in their tabletsing CAS as oxidizing agent and validated as lperctrrent
ICH guidelines. The present spectrophotometric pathare characterized by simplicity of operatiomghh
selectivity, comparable sensitivity, low-cost instrent, they do not involve any critical experimémariable and
are free from tedious and time-consuming extracsi@ps and use of organic solvents unlike many®fprevious
methods reported for VARD and TDF. The assay methwlie some additional advantages involve lessgstnt
control of experimental parameters such as thelisgabf the colored system, accuracy, reprodudiiltime of
analysis, temperature independence and cheapericgiemThese advantages encourage the applicafiaheo
proposed methods in routine quality control analp$iVARD and TDF in pure and dosage forms.
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