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ABSTRACT

Three reagents phosphotungestic acid (PTA), siliegéstic acid (STA) and sodium tetraphenylborataT(RB)
were used as titrants for the conductimetric deteation of alfuzosin hydrochloride (AIfCl) and tamhssin
hydrochloride (TamCl) through ion- associate forioat The effect of the reagent concentration, #ragerature,
the molar combining ratio, and the solubility pradtsi of the formed ion-associates were studied ahcutated. The
suggested method has applied to the determinafi@ifuzosin hydrochloride and tamsulosin hydroctderin its
pure state and pharmaceutical preparations with meacovery values of 99.50 - 99.80 % for alfuzosin
hydrochloride in pure state and 99.05 — 100.03%atral tablet, and 99.59 — 99.92% for tamsulosidioghloride

in pure state and 99.73 — 99.93% in Ominic capstitee relative standard deviations are less tharfd.0The
accuracy of the method was indicated by excelleodvery and low standard deviation. The resultsswmrmpared
with the pharmacopoeial methods.

Keywords: Tamsulosin hydrochloride, Alfuzosin hydrochlorid@onductimetric titration, Phosphotungestic acid,
Silicotungestic acid, Sodium tetraphenylborate.

INTRODUCTION

Alfuzosin  hydrochloride (AIfCl) is N-[3-[4-Amino-6, 7-dimethoxyquinazolin-2-yl  (methyl) amino]
propyltetrahydro-2-furamide and Tamsulosin hydrodde (TamCl) is 5-[(2R)-2-[[2-(2-Ethoxyphenoxy) het]
amino] propyl]-2-methoxybenz-ene sulfonamide (Fegly. These drugs are offeductase) inhibitor with anti
androgenic activity used in treatment of benigrsfatic hyperplasia and androgenic alopecia. Thasgsdlecrease
the level of available (ereductase) prior to testosterone binding with #mezyme thus reducing the levels of
dihydrotestestrone that derives from such bondes&hdrugs adverse reaction are generally dose diepen
common ADRs include impotence, decreased libideredesed ejaculate volume, erectile dysfunctiongutgdie
disorder, breast tenderness and enlargement (gyrasti@) and testicular pain, vertigo, dizzness, symtope or
malaise, hypotension or headache are common iaerpatver 75 years and during first week of treatnigjn

These drugs are absorbed from gastrointestinal aratt are almost completely bioavailable; the exéen rate of
absorption are reduced by food. After oral doseskg®#asma concentration occur after about 1 hdwwu(90 -
99%) bound to plasma protein it is metabolized sjaw liver primary by cytochrome P450, Isoenzym¥R2D6,

CYP3A4 [2].
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They are excreted mainly in the urine as metatsobied some unchanged drug, the plasma eliminatitidife has
been reported to be between 4 and 5.5 hours [3].

Several techniques have been used to determind Wéiding mass spectrometry [4], spectrophotomn§8],
electrochemical [9-10], and HPLC [4,11-17].

Several techniques have been used to determine Mapi@ing voltammetry [18], mass spectrometry43), LC
[24-27], and HPLC [28-33].

The present work, aims to study the applicationcafiductimetric method in the quality control of uabsin
hydrochloride, and tamsulosin hydrochloride. Thadwetimetric method is very simple and of low exgea in
comparison to the above mentioned techniques ihtatame time offering a high degree of accuradypecision
when compared to other techniques.

EXPERIMENTAL SECTION

2.1. Apparatus
The conductimetric measurements were carried ottt wiconductivity meter model (702) Conda. A dipey
conductivity cell (K=1.00) was used.

2.2. Materials

2.2.1. Pure sample and pharmaceurical preparations

Alfuzosin hydrochloride (AIfCl, M.W. = 425.9) antkipharmaceutical preparation (Xatral tablets kathéd contain
5 mg alfuzosin / tablet) were provided from AMRIYfar pharmaceutical industries, Alexandria, Egyptder
license of Robinson, France, and tamsulosin hydooicke (TamCl, M.W. = 445) and its pharmaceuticaparation
(Omnic capsules labeled to contain 0.4 mg tamsulbsapsule) were provided from Astellas PharmaperB.V.
Leiderdrop, The Netherlands.

2.2.2. Reagents
Phosphotungestic acid (PTA) 3RW1,040.XH,0], silicotungestic acid (STA) MSiW1,04, or sodium
tetraphenylborate (NaTPB) Najf1,,B]; were obtained from Aldrich chemical company.

Aqueous solutions of PTA, STA and NaTPB were prepdry dissolving the accurately weighed amountthef
pure solid in bi-distiled water using analyticatade purity chemicals, and the exact concentratminshese
solutions were determined by the appropriate recentted methods [34,-35], and the solutions were kefte
refrigerator for no more than 1 week. Working siolos of were freshly prepared by appropriate dbloti

2.3. General procedure

Aliquots of working solution containing 4.25-42.58) AIfCl and 4.45-44.50 mg TamCl were transferred® ml
volumetric flask and made up to the mark with Hstiled water. The contents of the volumetric flaskre
transferred to the titration cell, then 1.0 X180 PTA, STA and NaTPB were added from a micro beteand the
conductance was measured after 1-2 minutes aftgr addition of reagent through stirring. The condaoce
reading was corrected for dilution [36] by meangtd following equation, assuming that conductiviya linear
function of dilution:

Qcorr = Qob's, [(Vl + VZ)/VI]

Where Q. and Qs are the corrected and the observed electrolytimledtivities, respectively, Vis the initial
volume and Y is the volume of the added reagent.

A graph of corrected conductivity values versusubkime of the added titrant was constructed aedetid point
was determined. The drug-titrant ratio is then aeteed from the intercept of the two linear segrseftthe graph.

2.4. Procedure for determining the drug-titranticat

Volumes of 1.0-10.0 ml M AlfCl and TamCl solutions then transferred sepelly to a 50 ml volumetric flask
and diluted up to the mark with bi-distilled wat&he contents were transferred quantitatively tmaductimetric
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titration cell, and the solution was then titramzhductimetrically against oM PTA, STA, or NaTPB delivered
from a micro-burette, and the conductance was medssubsequent to each addition of the reagenticojiand

after thorough stirring for 2 min. A graph of therected conductance recordings versus the voluntieecadded
titrant was constructed, and the drug-titrant $tioimetric ratio is then determined from the intgtcef the two

linear segments of the graph.

2.5. Procedure for dosage forms or pharmaceuticahs

For analysis of Xatral tablets (5 mg AIfCl /tabletablets were powdered and an accurately weiglotiop

equivalent to 0.425 g AIfCl was taken and dissolie80 ml water. For Ominic capsules (0.4 mg Taro&psule),
capsules were accurately weighed portion equivateft445 g were mixed with 50 ml water, for badblets and
capsules, shake in a mechanical shaker for aboutiBQand filtered into a 100 ml volumetric flaskhe solution
was completed to the mark with bi-distilled watedahaken. Different volumes of the solution (10081ml) were
taken, and subjected to the conductimetric deteatiin as mentioned above.

2.6. Conductimetric determination of the solubiptpduct constants of the ion-associates

A series of solutions of molar concentrations (GfM was prepared for each of AlfCl and TamCl, PTAAS&nd
NaTPB. The conductances of these solutions wereuned at 25°C, and the specific conductivitigg, (corrected
for the effect of dilution, were calculated and dise obtain the equivalent conductivitidg ©f these solutions.
Straight line plots ofh versus\c were constructed andwfarci, (ho)tamch (Ao)pta, (Ao)sta, @nd Ay naTPB WETE
determined from the intercept of the respective livith thei-axis. The activity coefficients of the ions empdy
were taken as unity because all the solutions wefficiently dilute, the values Ofyairpr), Aoaist),  AogaiTes)
Ao(ram-pT) Moram-s7, @NdAqram-tre, Were calculated using Kohlrausch's law of indej@t migration of ions.[37]

The solubility (S) and solubility product (i values of the ion associates were calculatedgutie following
equations:

S = Kg x 1000/A, (ion-associate),

Kep=S for 1:1 ion-pairs

Ksp=4 g for 1:2 ion-associates
Kep=27S for 1:3 ion-associates, and
Ksp=256 S for 1:4 ion-associates

Where, K are the specific conductivity of the saturatedusioh of the ion associate, determined at 25°C and
corrected for the effect of dilution. Such satudaselution was made by stirring a suspension ofthiel precipitate
in distilled water for 2 h, and then leaving it @4 h at 25°C before measuring the conductivities.

RESULTSAND DISCUSSION

Conductimetric measurements are used, succesdfuilyye equivalent point determination in titratiof systems in
which the conductance of the solution varies befarel after the end point. One of the valuableufest of the
conductance method of titration is that it perntlits analysis of the components of a precipitateaction. In this
case, the formation of a precipitate alters the lmemof ions present in the solution and consequeitid
conductance varies. After the equivalent point,atidition of excess titrant increases the numbéord and so the
conductance increases. The titration curve, repteggethe relation between the conductance anddheme of the
titrant added can be constructed as two linessetging at the end point.

Alfuzosin hydrochloride and tamsulosin hydrochleridre able to form precipitates with heteropolydsagi
phosphotungestic, silicotungestic, and sodium péeaylborate so the applicability of conductimetitcation of
these drugs with the above mentioned reagentstested. The different parameters affecting thepmidt, such as
temperature, and concentration of both titrant titnand, were studied.

3.1. Factors affecting the end point of titration

3.1.1. Effect of temperature

The effect of temperature on the end point of thredcictimetric titration was studied by carrying &itrations at 25,
35 and 56C. The results showed that as the temperatureasesg the conductivity of the whole solution ineesa
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and no effect was observed on the shape of thagiditr curve and the position of the end point up@cC, then
room temperature was used for carrying out therothgables Figure. 2.

3.1.2. Effect of dilution of titrant and titrand

A weight of the investigated drugs 21.29 mg of Al&d 22.25 mg of TamCI were dissolved in 50 mlevatas
titrated against 1xI¥) 5x10° and 1x1F M PTA, STA, and NaTPB solutions. The results imdédl that, titrant
solutions lower than DM are not suitable for conductimetric titratiorsstae conductance readings were unstable
and the inflection at the end point was very poor.

On the other hand, when the same above mentionedramof the investigated drug were dissolved ahdedi up
to 50, 75 and 100 ml with distilled water and tigchagainst 1&6M PTA, STA, or NaTPB solution (optimum titrant
concentration). The results showed that, dilutibthe titrand up to 100 ml has no effect on theitpas of the end
point and the shape of the titration curve FigGre.

3.2. Determination of the drug-titrant ratio

From the above discussion it was found that theegys under investigation showed a regular ris@idactance up
to the equivalence point where a sudden chandeeislope occurs. After the end-point, more titiaradded and
the conductance increases more rapidly. Curve beeakserved at drug-reagent molar ratio 3:1, 4nd 1:1 for
PTA, STA, and NaTPB, respectively, in case of the mentioned drugs. The conductimetric titrationves of the
drug versus PTA, STA, or NaTPB deduce the molaosaif the drug-reagent are given in Figures. 4&nd

3.3. Conductimetric determination of alfuzosin lpahloride and tamsulsin hydrochloride in pure smat

Aliquots solutions containing 4.25-42.59 mg AlfOhda4.45-44.50 mg TamCl were titrated conductimatiyc
against 1 M PTA, STA and NaTPB standard solutions followirie tprocedure described in the experimental
section. Graphs of corrected conductivity versiestblume of titrant added were constructed andetie points
were determined 1 ml TM PTA is theoretically equivalent to 12.77mg Alf@hd 13.35 mg TamCl, while 1 ml 10
2M STA, are equivalent to 17.03 mg AlfCl and 17.8 @mCl and 1 ml 16M NaTPB is equivalent to 4.25 mg of
AlfCl and 4.45 mg TamClI.

The results given in Table 1 & 2 show that, theowery values for AIfCl are 99.80%, 99.50% and 99w6and for
TamCl 99.59%, 99.92% and 99.75% using PTA, STA MadPB, respectively. This indicates the high accyra
and precision of the proposed method.

3.4. Conductimetric determination of the investigghdrug in its pharmaceutical preparation

The validity of the proposed method was assesséts bypplication to the determination of the invgsted drugs in
its pharmaceutical preparation (Xatral tabletsgase of AIfCI and (Ominic capsules) in case of Thm€ing the

same procedure and conditions applied for purdisols. From the results shown in Tables 1 & 25 itlear that the
mean recovery values for Xatral tablets were 99.499405% and 100.03% and for Ominic capsules w8ré%s,

99.92% and 99.73% with PTA, STA and NaTPB, respebti

The results obtained from the conductimetric deteation of the drug were subjected to statisticahtment to
compare the precision of the employed techniquéab methods used as references by applying F-tesds [38]

.The results shown in Tables 3 and 4 are lower thatheoretical tabulated values, i.e. the metppulied does not
exhibit significant difference which reflects thecaracy and precision of this method.

3.5. Determination of the solubility product cormtaof the ion-associates

lon-associate formation is the mean controllingdain many chemical reactions, such as precipimateactions,
where the degree of feasibility of titration depermeh the degree of completeness of the precipitagaction. The
solubility products (I) of the formed ion-associates were determined wctietrically [39]as described under
the experimental part. The equilibrium constanthd precipitation reaction (K) is inversely proponial to the
solubility product (Ky), whereas the smaller the solubility product @& thrmed ion-associate, the sharper the end
point. The solubility product of ion associate df-&T is lower than that of Alf-PT and Alf-TPB, sbis most stable
and the solubility product of ion associate of T&m-s lower than that of Tam-PT and Tam-TPB, sis inost
stable.

The equilibrium constants of the ion-associate fifam reactions are calculated and representeallag/é:
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3D"+PT® = D4PT,
4 D'+ST" = D,ST,
D'+TPB =DTPB

These equilibrium constant values are very highcatihg the high degree of completeness of theassociate
formation reactions. At equilibrium, the solubilityf the undissociated ion-associates in water (tiensic

solubility) was omitted as this term makes a nelgligcontribution to the total solubility becau$e tion-associates
are sparingly soluble in water and their saturatddtions are therefore very dilute [40], (Tab)e 5
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Figure.1l: The chemical structure of (a)Alfuzosin hydrochloride(AlfCl) (b) Tamsulosin hydrochloride (TamCl)
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Figure 2: Effect of temperature on the end point of the conductimetric titration of 21.25 mg of AIfCI with 102 M NaTPB at 25 (a), 35 (b),
50°C (c)
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Figure.3: Effect of dilution on the end point of the counductimetric titration of 21.25 mg AlfCl with 102 M NaTPB in total volume 50 ml
(a),75 ml (b),200 ml (c)

800

700 A (@)

600 - ®)

o

[=

S
L

[

S

S
L

Counductivity,Ms.
P
o

o
-
IN)
w
IS
3
o
~

Volume of reagent,ml
Figure.4: Conductimetric determination of 21.25 mg AlfCl using 102M STA (a), PTA (b), NaTPB (c)

374¢



Samar G. Abdel-Hamid et al J. Chem. Pharm. Res., 2012, 4(7):3740-3748

700

600 4

500 (b)

N

S

S
L

300 4

Counductivity, us

200 4

100

Volume of reagents, ml
Figure5: Conductimetric deter mination of 22.25 mg TamCl using 10° M STA (a), PTA (b), NaTPB (c)

Table 1: Conductimetric deter mination of Alfuzosin hydrochloridein pureform and in itspharmaceutical preparation

PTA STA NaTPB
mg taken mg found mf Rec(:)zvery mg. found mf  Recovery % mg found mf Rec;zvery
Pur e solutions
4.25 4.23 99.60 4.24 99.8 4.25 100.00
12.77 12.77 100.00 12.55 98.3 12.80 100.30
21.25 21.37 100.6 21.33 100.4 21.03 99.00
29.81 29.48 98.80 30.10 101.00 29.81 100.00
42.59 42.59 100.00 41.73 98.00 42.20 99.10
Mean +RSD 99.80+0.66 99.50+1.31 99.60+0.59
Xatral tablets (5 mg/tablet)
491 4.90 99.80 4.81 98.00 491 100.03
14.73 14.56 98.90 14.57 98.93 14.74 100.08
24.55 24.37 99.30 24,51 99.84 24.56 100.05
34.37 34.19 99.50 34.12 99.30 34.39 100.08
49.11 49.03 99.85 48.71 99.20 49.06 99.90
Mean +tRSD 99.47+0.39 99.05+0.68 100.03+0.07

Table 2: Conductimetric determination of Tamsulosin hydrochloridein pureform and in its pharmaceutical preparation

PTA STA NaTPB
mg taken mg found mf Recovery% mg. found mf Recovery% mg found mlf Recovery%
Pur e solutions

4.45 4.46 100.30 4.45 100.00 4.46 100.40
13.35 13.35 100.00 13.33 99.86 13.32 99.80.
22.25 22.22 99.87 22.18 99.70 21.89 98.40
31.15. 30.58 98.20 31.13 99.94 31.14 99.97
44.50 44.32 99.60 44.53 100.08 44.48 99.96

Mean +RSD 99.59+0.82 99.92+0.15 99.75+0.69
Ominic capsules (0.4 mg/capsules)

4.45 4.44 99.99 4.44 99.90 4.44 99.90.
13.35. 13.34 99.99 13.34 99.93 13.34 100.05
22.25 22.25 100.00. 22.21 99.84 22.11 99.38
31.15 33.84 98.99 31.12 99.93 31.00 99.53
44.50 44.49 99.98 4451 100.03. 44.41 99.80

Mean +RSD 99.79+0.45 99.92+0.07 99.73+0.27
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Table 3: Analysisof theresults obtained by the proposed method for Alfuzosin hydrochloridein the pureform and in phar maceutical

preparation
ltems  Official Method (U.V.) [41] PTA STA NaTPB
Pur e solutions

X+S.C® 99.99+0.!0 99.9¢+0.41 99.6(+0.21 100.1=+0.31
F valu® 1.4¢ 5.67 2.6(
t valué” 0.10 1.61 0.53

Xatral tablets (Smg/tablet)

X+S.D 99.97+0.90 98.99+0.01 99.73+0.43 100.48+0.28
F value 3.75 1.95 4.59
t value 1.5€ 0.72 1.72

@Mean +S.D of five determinations
®F_tabulated is 6.39 and t-tabulated is 2.31 at 988#afidence limit

Table 4: Analysis of the results obtained by the proposed method for Tamsulosin hydrochloride in the pure form and in phar maceutical
preparation

ltems eu?cfgc('ﬁ'm) PTA STA NaTPB
Pur e solutions
X+S.D® 99.99+0.4 100.6+0.80 100.7+0.35  00.2+0.60
F valué” 4.00 1.31 2.25
t value® 152 2.9¢ 0.65
Ominic capsules (0.4 mg/capsules)
X+S.D 100.00+0.50 100.40+0.38 100.60+0.44 100.46+0.30
F value 1.37 1.29 2.78
t value 1.42 2.01 1.76
@Mean +S.D of five determinations
®F_tabulated is 6.39 and t-tabulated is 2.31 at 988#afidence limit

Table 5: Calculation of solubility product of the lon associates of Alfuzosin hydrochloride and Tamsulosin hydrochloride.

lon associates S K K=1/Kg
Alf-PT 1.3x10°  7.7x10°  1.30x106°
Alf-ST 1.4x10° 1.37x10% 7.30x16’

Alf-TPB 6.5x10° 4.22x10° 2.37x1§
Tam-PT 1.45x10  1.6x10"  6.25x10¢
Tam-ST 1.34x10  8.7x10°  1.15x16"
Tam-TPB 7.0x10 4.9x10%  2.04x16°
Where S is solubility, is solubility product, K is equilibrium constant.

CONCLUSION

The conductimetric method has the advantage ofyb&@imple, rapid, accurate, precise and reproduait@thod as a
small amount of the investigated drug can be detexdnwith a good accuracy and without interferefroen

excipients such as micro-crystalline cellulose¢ tahd magnesium stearate, and hence it can becdpipli the
determination of AIfClI and TamCl in pure and phacesatical form in the quality control laboratories foutine
analysis.

REFERENCES

[1] Roehrborn, C.G., and McConnell, J.0n Campbell's Urology, philadelphia, PA: W. B.uBders Company,
chapt.2002, 38, 1297-1330,

[2] McKeage K., and Plosker G.LDrugs, 2002, 62(4), 633-53.

[3] Lepor H., Kaplan S.A., and Klimberg 1, Urol., 1997, 157, 525-530.

[4] Wiesner J.L.; Sutherland F.C.W., Van Essen G.Hnd#id.K.L., Swart K.J., and Hund.F.J.,Anal. Technol.
Biomed. Life Sci2003, 788(2), 361-368.

[5] Ashour S., Chehna M.F., and Bayram IRt. J. Biomed. Scienc2006, 538-542.

[6] Ishag B.M., Prakash K.V., Kumar C.H., Rani G, E@nd Ramakrishna Rl, Pharmacy ResearcR011, 4(1),
226-228.

[7] Krishna M.V., and Sankara D.G, J. of Chemistry2007, 4 (4), 496-501.

[8] El Sheikh. R., Esmail N.S., Gouda A.A., and 8atsW., Chemical Industry and Chemical Enginee€ugurterly

374



Samar G. Abdel-Hamid et al J. Chem. Pharm. Res., 2012, 4(7):3740-3748

(CI&CEQ), 2012, 1, 60.

[9] Gupta V.K., Singh A.K., and Gupta B.Cpmb. Chem. High Throughput Scre2@07, 10 (7), 560-570.

[10] Uslu B, ElectroanalysiéNY), 2002, 14 (12), 866-870.

[11] Mostafa A.S.F., Abdel Aaty S.N., Hassan N.ahd El Weshahy S.AJ. Separation Scienc2006, 29, 2716-
2724.

[12] Deshmukh S.S., Havele S.S., Musale V.V., ahdrizshwa S.RDer Pharmacia Lettrg2010, 2(6), 42-349.
[13] Carlucci G., Di-Giuseppe E., and MazzepJLiq. Chromatogy;, 1994, 17, 3989-3997.

[14] Krstulovic A.M., and Vende J.LChirality, 1989, 1, 243-245.

[15] Patel D. B., and Natubhai J Pdt&. J. Chem.Tech. Re2009, 1(4), 985-990.

[16] Patel M.P., Mehta A.S., Patel P.V., Mandowdri., and Patel M.B.Int. J. Pharm. Res2009, 1(2), 72-74.
[17] Rouchouse A., Manoha M., Durand A., and ThehBtJ. ChromatogrA, 1990, 506, 601-610.

[18] Ozkan S.A.; Uslu B., and AboulEnein H.Yalanta 2003, 61 (2), 147-156.

[19] Ding L., Li L.M., Tao P., Yang J., and Zhang Z.X,Chromatogr., B: Anal. Tech. Biomed. Life. 32002, 767
(1), 75-81.

[20] Matsushima H., Takanuki K., Kamimura H., Watanabeand Higuchi S.J. Chromatogr., B: Biomed. Appl.,
1997, 695 (2), 317-327.

[21] Qi M.L., Wang P., and Liu L.HJ. Chromatogr., B: Anal. Tech. Biomed. Life. 3004, 805 (1), 7-11.

[22] Ramakrishna N.V.S., Vishwottam K.N., Manoj ¥pteshwara M., Santosh M., an@injaneyulu Y.,
Chromatographia2006, 63 (3-4), 135-141.

[23] Keski Rahkonen P., Parssinen O., LeppanerM&yriala T., Lehtonen M., and Auriola,Sl. Pharm. and
Biomed. Anal 2007, 43 (2), 606-612.

[24] Al Dirbashi O.Y., Aboul Enein H. Y., Jacob MAl Qahtani K., and Rashed, M. @nal. Bioanal. Chem.,
2006, 385 (8), 1439-1443.

[25] Nageswara R.R., Kumar Talluri M.V.N., NarasajiRA., Shinde D.D., and Ramanjaney@us, J. Pharm.
Biomed. Anal 2008, 46 (1), 94-103.

[26] Agarwal S., Gowda K.V., Sarkar A.K., Ghosh DBhaumik U., Chattaraj T.K., and Pal T. K.,
Chromatographia2008, 67 (11-12), 893-903.

[27] Lin, H., Wang P., Hu P., and Jiang¥Ygowu Fenxi Zazhi2008, 28 (5), 693-697.

[28] Wang Y. H., Cheng Z. Z., Gao Y., and Li Maowu Fenxi Zazh2008, 28 (12), 2055-2058.

[29] Choudhari V.P., Nikalje A.P.GChromatograhia, 2009, 69 (11-12), 1463-1467.

[30] Zzhang Y.P., Zhang Y.J., Gong W.J., Wang SXue H.Y., and Lee K.PJ. Lig. Chromatography & Related
Technol. 2007, 30 (1-4), 215-234.

[31] Maier V., Horakova J., Petr J., Tesarova E., CoBfaknd Sevcik JJ. Pharm. Biomed. Anal005, 39 (3-4),
691-696.

[32] Qi M.L., Wang P., and Cong R.HChromatographia2004, 59 (3-4), 251-254.

[33] Aboul Enein H.Y., Hussein R.F., Radwan M.A., Yusdf Al- Ahmadi W., and Al- RawithiS., J. Liq.
Chromatograpy & Related Technd003, 26 (7), 1109-1116.

[34] Hayashi H. and Moffat J.BTalantg 1982, 29, 943.

[35] Selig W.,Talanta 1980, 27, 914.

[36] Lingane J.J., Practical pharmaceutical chemigElectroanalytical Chemistry, 2 nd ed., Inteesge, New
York, 1958.

[37] Antropov L.L., Reference Electrodes in Metarédsion. Theoretical Electrochemistry. Mir, Moscd®77.
[38] Miller J.C., Miller J.N., Principles of Instmental Analysis. Statistics in Analytical Chemistdth ed. Ellis
Horwood Chicheste2000.

[39] M.S. Rizk, N.T. Abdel-Ghani and R.M. El Nashar Microchem 2001, 70, 93-101.

[40] Irving H.M., and Williams R.J.PAnalyst 1964, 77, 813.

[41] British Pharmacopoeia, Her Majesty’s Statign@ffice Ltd, London 2010, 85.

374¢



