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ABSTRACT KEYWORDS
Twelvemetal ionsviz; Fe(I11), Al(I11), Cr(111), La(lll), Y (I11), Bi(l11), Cu(ll), Endapril;
Co(I1), Ni(11), Mn(l1), Pd(I1) and Hg(l1) were sel ected to el ucidate their inter- Stability constants;
action with enalapril maleate using potentiometric method. The protona- Square wave cathodic
tion constant of the ligand and stability constants of complexes formed voltammetry;
have been tabulated using three ionic strengths, | = 0.05, 0.1and 0.15 M Dosage forms;
NaNO,inagueoussolutionsat 25+ 0.1°C. Complexesof 1. 1, 1. 2and/or 1. Urine.

3 metal to ligand ratios are formed depending on the nature of the ligand or
metal ions. The order of stability constants of the binary complexes was
examined. The voltammetric behavior of enalapril was studied using square
wave cathodic stripping voltammetric method at carbon paste electrode
(CPE) in pharmaceutical dosageforms(tablet) andinbiological fluids(spiked
and real urine sample) has been developed and evaluated. Different param-
eters such asmedium, pH, accumulation potential, scan rate, accumulation
time and ionic strength were tested to optimum condition to optimize the
conditions for the determination of Enalapril. The adsorbed form is re-
duced irreversible at optimal conditionsviz; 0.04 M Britton-Robinson buff-
ers(pH~9.00). Linear concentration ranges 0.985-24.62 ng/mL at 15s, 0.985-
14.77 a 30 sng/mL and from 0.985 - 4.925 at 60 sng/mL, can be determined
successfully. The standard addition method was used to determine Lisinopril
in pure solutions, tablets and in biological fluids with satisfactory results.
The data obtained are compared with standard official method.

© 2010 Trade Sciencelnc. - INDIA

INTRODUCTION Endapril istheethyl ester of along - acting angio-

tensin converting enzymeinhibitor, endgprilat. Endapril

Enalapril maleate (ENP)(N-{ N-[(S)-1-ethoxyca maleateisindicated for thetreatment of essentia and
bonyl-3-phennylpropyl] L-alanyl)-prolinehydrogen  renovascular hypertension. Enalaprilat isapro-drug;
malegte) following ora administration, it isbioactivated by hy-
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drolysisof the ethyl ester to enalaprilat, whichisthe
activeangiotensin convertinginhibitort™.
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Endapril hasbeen assayed spectrophotometricaly
by ion pair-extraction technique?¥, Potentiometri ¢
and HPLC'%8 procedures. Inbiological fluids, endagpril
has been quantitated by radio-enzymic assay!¥, GC-
MS and GC-negative ion CIMS*9, Also, different
typesof anaytical procedures have been proposed for
theanaysisof endapril in pharmaceuticdsformulaions.
These proceduresinclude capillary e ectrophoresigty,
polarography!*?, voltammetry!*®, coulometry,
amperometry*s, conductometry*®, fluorimetry™7,
colorimetry!*®2 and flow i njection methods??. Most
of thesemethods are sophisticated.

Stripping voltammetry isavery sensitive method
for the determination of many traces of organic com-
poundsand metd ionsachievingitislow leve of detec-
tion by combining accumulation processwithavoltage
scanning measurements?%l, Carbon paste e ectrodes
are convenient and often used asworking electrodes
for the voltammetric measurementsbecause of their at-
tractive properties. Fromanalytical point of view, these
electrodes exhibit rather low background currentsover
awiderange of potentialswhen compared with other
solid electrodes, and after are new ability of their sur-
faceaswel asahigh versatility and smplicity of modi-
fication?"28, The present work isacontinuation of our
gdudiesinfiddof drugandyssusing mercury and modi-
fied carbon paste € ectrodes %2,

The stability of ENPin agqueousbuffer solutions
hasbeen studied asafunction of pH. Therateof ENP,
loss and the mode of degradation are dependent upon
thepH of solution. Littleinformationisavail ableon com-
plexescontaining ENPdrug. However, agueousacidic/
basic potentiometrictitration pk, valuesat 25+0.1°C
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for enal april wereinvestigated™,

Inthismanuscript, wereport themetal complexes
of ENP of the type M*"-ENP such as Fe(l11), Al(111),
Cr(lI1), La(ln, Y (1), Bi(ln), Cu(ll), Co(ll), Ni(1),
Mn(1l), Pd(11) and Hg(ll), nitratesions. The dissocia-
tion constants of thedrug and stability constantsof their
complexeswill bedetermined.

Also, the voltammetric determination of ENP by
square wave adsorptive stripping voltammetry
(SWCASV) at aparaffin oil bare carbon paste elec-
trode has not been studied yet. Thus, theaim wasto
investigate the square wave cathodic stripping
voltammetric determination of ENPin dosageforms
(tablets) andin biological fluids(spiked and real urine
sample) at aparaffin oil bare carbon paste el ectrode
(CPE).

EXPERIMENTAL

Apparatus

All pH measurementsweremadewith VWR sci-
entific productsMode 2000.

All voltammetric experimentswere performed with
EG G Princeton Applied Research (PAR Princeton,
NJ, USA) Modd 273A potentiostat, controlled by the
model 270\250 & ectrochemical softwareversion4.30.
A three-electrode cell was employed incorporating a
hand - makeworking carbon paste e ectrodethat pre-
pared as previously mentioned®!, anAg\AgCl (satu-
rated KCl) reference el ectrode and platinumwirewas
achieved with aTeflon-Coated bar at approximately
400 rpmusing amagnetic stirrer (kikA Labortechinik,
Germany).

Ragentsand materials

The solutions of Fe(l11), Al(1IT), Cr(111), La(lll),
Y (I11), Bi(lIT), Cu(ll), Co(ll), Ni(l1), Mn(I1), Pd(I1)
and Hg(I1) (Merck, BDH) as nitrates were prepared
and titrated complexometrically by EDTAE?, Sodium
hydroxide and ena april solutions (Merck) were pre-
paredinbidstilled water 50 % ethanol asfresh solution.In
voltammetric method; ena gpril (Merck) stock standard
bidistilled water was prepared at 25+ 0.1°C and kept
in brown volumetric flask. ENPworking standard so-
lutionswereprepared daily by serial dilution of stock

standard solution.
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Pharmacautica formulations: Ezapril® protectteblet  per tablet, real urine sample wastaken from heathly
(KahriaPharm. and Chem. Ind. Co. For Multipharma voltantear previousy takenthedrug.

company. Egypt). to contains 10 mgenalapril Maleste  General analytical procedure
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Figurel: Titration curvesof enalapril with different metal
ionsat | =0.05M NaNO, (in aqueous- ethanolic solution)
a=acid solution, b = solution (a) + ligand (ENP), c = solution
(b) +Cu(ll)ion,d=b+Cr(l1l)ion,e=b+Fe(lll)ion,f=b+Hg
(1Iion,g=b+Y(lI)ion,h=b+Pd(Il)ion

Cdvin-Bjerrum, techniqueasadopted by Irvingand
Rossoti® or Kather and Munshi®® were used to de-
terminethedissodi aion congtantsof theligand ena april
and theformation constants of their metal complexes
withENPat 25+ 0.1°C in aqueous sol utions. The sol u-
tionsweretitrated potentiometrically with 0.2M stan-
dard free sodium hydroxide solution Sandardized againgt
standard potassium hydrogen phthalate a= 0.001M
HNO, b=a+0.001 M. enalgpril meleateand c=b +
0.001 M metal nitrate solution. Thetota volumewas
adjusted to50 cm? by adding doubly-distilled water in
each case. Thetitration’s were performed at 25 + 0.1°C
and different ionic strengthsof 1 =0.1, 0.15and 0.05
M NaNO, The preconcentration step was performed
by immersing the carbon paste el ectrodein stirring 15
ml sample solutionfor agiven period of timeat poten-
tial rangefrom (-0.5-(-1.4V)). wasthen stopped and a

TABLE 1: Protonation constantsof ENP (ligand) and stability constantsof metal ion complexeswith threeionic strengthsat

25°C +0.1
lonic 1=0.05 M I=0.1M I=0.15M
strenght/M etal ion LogK; LogK, LogKs; LogK; LogK, LogKs; LogK; LogK, LogKs;
(M:L)*  (M:L)* (M:L)* M:L)* M:L* M:L)* M:L)* M:L)* (M:L)*
H* 7.2 5.2 - 6.7 47 - 51 4.0 -
Fe(l11) 7.422 4,092 2421 5.45 3.22 2.216 i 3.691 1.474
1:1 1.2 1:3 1:1 1.2 1:3 1.2 1:3
Al 6.669 5.668 4.62 4.875 3.957 3.282 4,708 3.25 2.359
1:1 1:2 1:3 1:1 1:2 1:3 11 1:2 1:3
cr(inny 5.698 3.851 1.986 5.698 3.971 ) 5.403 2.704 1571
1:1 1:2 1:3 1:1 1:2 11 1:2 1:3
La(ll) 6.277 3.00 1.217 2.558 3.778 4.58 3.717 2.636 )
1:1 1:2 1:3 1:1 1:2 1:3 11 1:2
Y 7.009 5371 2.082 3.407 2.531 ) 4.34 i )
1:1 1.2 1:3 1:1 1.2 1:1
. 5.453 3.391
Bi(li) ) ; ) 11 12 ; ; )
cu(lly 4.80 i ) 4.28 2.37 ) 2.781 1.397 )
1:1 1:1 1.2 1:1 1.2
Co(Il) - - - 3'f_' 27 - - - - -
. 2. 2.779
Ni(i) 11 ) ) ) ) ) 11 ) )
5.62 4.58
Mn(11) 11 ) ) 11 ) ) ) ) )
5.85 33 3.34
Pd(in) 1:1 1:2 ) i ) 1:1 i )
Hg(ll) 6.50 3.89 ) 4.35 2.07 4,263 1.998
9 1:1 12 1:1 12 11 12

*These ratios are form potentiometric and conductometric methods

Rescarch & Reotews On

A Tudéan Journal

-




RREC, 2(1) June 2010

O.A.Farghaly et al. 9

delay period of 10sto settle the solution and decrease
the background current, square wave voltammogram
wasrecorded in the negative potentid direction. A re-
newed carbon paste el ectrode surface was used for
each measurement.

For determination of enaapril inbiological fluids
(spiked and redl urine samples), 1ImL aliquot of urine
(blank or containing drug) wastransferred to 250 mL
separating funnd containing 5ml of diethyl ether (Merck).
Themixturewasthoroughly shaken for 15 min, then,
the organic layer wastransferred to aglasstube, and
the solvent was evaporated in water bath to dryness.
Theresiduewasrecongtituted in methanol. Then, 30uL
urine sample (containing 0.985 ng/mL of drugin case
of spiked urineand unknown amount of excreted drug
in rea urine samples), was added to 15 ml 0.04 M
Britton - Robinson buffer pH ~ 9.0.The solution was
stirred at 400 rmp at open circuit conditionsand the
squarewavevoltammogramwasrecorded. Also, incase
of dosageforms, 10 tabl ets of thedrug wereweighed
intoasmall dish, powdered and mixed well. A knowl-
edge portion waswei ghed and dissolved in 100 mL of
methanol, shakenwell and filtered wasthen transferred
into acalibrated flask and it was completed to volume
with bidistteled water. 30uL of each solution wasthen
added to the measurement cell. Inal measurementsthe
square wave voltammogram wasrecorded in negative
potentia direction. The optimum operational param-
eters selected for the determination of ENP by
(SWCSV) using CPE wastabulated inTABLE 2.

RESULTSAND DISSCUTION

Metal complexesof enalapril

Thetitration curvesareshowninfigure1theaver-
age number of proton attached per ligand, nH, was
caculated™.

(v1-Vo)(N?+EO)
(Vo-v1)(Tel?)

WhereY =2 ( number of aissociableprotonsinthe
ligand), V°istheinitia volume, V andV, arethevol-
umeof akali required to reach the samepH in minera
acid (HNO,) and (HNO,+ENP) respectively. T_L°is
thetota concentration of ligand, N°isthenormality of
theakai and E° istheinitia concentration of freeacid.

H=Y+ 1)
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TABLE 2: Theoptimum oper ational par ameter sselected for
thedeter mination of L SP by SWCSV at CPE

Par ameter Selected value
Accumulation potential -05Vv
Final potential -1.4V
Modulation time 10S.
Frequency 50 HZ
Scan increment 2mvV
Accumulation time Various

PH 9.00
0.04M Britton- Robinson

Buffer type universal buffer

N

15
[

nH
1

0.5

(=)

21 31 41 51 6.1 71
pH

Figure?2: protonation constantescurvesof enalapril maleate
ata=0.05M,b=0.1M,C=0.15M

Caculation of protonligand association constantswere
carried out by plotting 4 against pH at thethreeionic
strengthsare showninfigure 2. Thevaluesof logK "
andlog K, " (thefirst and second proton association
congtantsof theendapril) arethepH vauescorrespond-
ingto=0.5and 1.5, respectively. The SUPERQUAD
computer program“44was used to refinetheoverall
protonation or formation constants by aleast squares
fit. Thevaueof log K " TABLE 1 agrees quite well
with those previously reported®, in agueous solution
mediumand at 25+ 0.1°C.

Itisworth mentioning that theligand does not hy-
drolyssunder theexperimentd conditions. Thisisindi-
cated by therapid attainment of equilibrium duringthe
titration time. Thetitration curvesof themetd - ligand
solutions(c) arewd | separated fromtheligand solution
(b) infigure 1. Thusreplacement of H*ionisdueto com-
plexation. Fromthesetitration curves, |, (averagenum-
ber of ligand molecul esattached per metal ion) and pL
(freeligand exponent) va ueswere ca culated using Irv-
ing and Rossoti equationt®!,
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pL
Figure3: Formation curvesof binary metal ion complexes
with ENP (ligand) at | =0.05M

#-Cu(ll) *Fe(lll) =La(lll) +Y(IIl)
% |&Hglll) &AL SCr(ll) =Pd(l)

7.3

T

LogK,

4.3
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Figure4: Therelationship between thefirst stability con-
stants(logK ,) of metal ion complexesand ionic strength
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Figure5: Plot of I p versusdifferent Britton -Robinson uni-
ver sal buffer solutionspH valuesat 492.52 ng\mL of enalapril

7z —V2)(_NO+ E%) @
(Vo +Vy)nHTeM®
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WhereV , V.,V aretheamountsof thealkali reach
thesamepH inthefreeacid, freeacid + ligand and free
acid + ligand + metal, respectively. T M°denotes the
total concentration of metal present inthesolution. The
n valueswere plotted against the corresponding pL
valuesto get the formation curves of the metal com-
plexation equilibria. Theformation curvesareshownin
figure 3. From these formation curves, the val ues of
stability constantsat diffrerent ionic strengthsl = 0.1,
0.05and 0.15 M arelisted in TABLE 1 were deter-
mined using thehdf - integra method™. Also, fromthe
relation betweenlogK, andtheionic strengthsfigure4,
we can concludethat the stability constants of metd -
ligand complexes (1:1) wereincreased astheionic
strength decreased.

Enalapril maleate hastwo sites, thefirst Steispro-
tonation of imino group (NH) and the other siteisthe
dissociation of protoninthecarboxylic group (COOH),
thesesitesare shown asfollow:

CHs
HsC,00C |

| CH
H / \C—N
CHZ_CHZ_C_N\ |

MarO L

ENP-Chelates (1:1) HO
Theorder of stability constantsof the different bi-

nary complexesformed between enalapril and transi-

tion metal ionsinvestigated in thisstudy isin the ex-

pected Irving - Williamsorder*? for (1:1)metd toligand

at differentionic strengthsNaNO,: Fe(I11)>Y (I11)>

Al (IH>Hg(Ih>La(llh)>Pd (IN>Cr (1IH>Mn (I11)>Cu

(1D)>Ni (11).

Squarewavevoltammetry of enalapril

Effect of buffer type, pH, ionicstrength

Theeffect of typeof buffer used aselectrolyte (Ac-
etate buffer, citrate buffer, phosphate buffer, HCI - so-
dium acetate buffer and Britton - Robinson universal
buffer) ontheandyticd signd wastested. Both the pesk
height and peak shape weretakinginto consideration

. -
A Tudéan Journal
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Figure6: Plot of | p versusdifferent ionic strengthsof pH ~
(9.0) at ng\mL of ENP

a4 % om

Ip (uA)

0 0 @O » £ I W
Time (second )
Figure 7 : Plot Ip -current time of ENP at (a): 492.52 ng/
mL-1 (b): 49.25 ng/mL-(c): 4.925ng/mL"* (d): 0.492ng/
mL?

Ip (uA)

Conc. of ENP (ng / mL)

Figure8: Plot of I p ver susconcentrationsof enalapril using
0.04 M of Britton - Robinson buffer (pH~9.0) at different
accumulation times: (a): 15s(b): 30s(c): 60s

when choosi ng type of buffer. A study of theinfluence
of theionic strength of the medium on definition of the
voltammeteric pesk revea ed that minimal background
current. Thebest curve and the highest peak were ob-
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Figure9: Typical SWCSvoltammogramsof Enalapril differ-
ent concentrationsin presence of 0.04 M Britton - Robinson
buffer (pH ~9.0) at 60's

tainedin 0.04 M of Britton -Robinson buffer. The ef-
fect of pH - on the reduction of ENP at CPE swas
studied over the pH range 2.8-12 at concentration 942
ng/ mL ENP by squarewavevoltammetry asshownin
figure 5. A small current was observed at pH ~2.8,
whichincreased gradually up to pH~9.0whichusedin
all measurements.The potential cathodic of ENPis
shifted linearly towardslessnegativeva ueswithincreas-
ingthepH over than 9.0. Theinfluenceof ionic strength
on theefficiency of accumulation wasstudied for 492
ng/mL ENP per concentration time. The buffer con-
centrationrangefrom 0.02-0.15 M inthechosen buffer
typevaried theionic strength. Theresult showed that
increasing ionic strengthswerefound to beof greet Sg-
nificance onthedegree of accumulation. Thisindicated
that the processrespong blefor accumul ation of thedrug
at thee ectrode surfacewasmainly electrostaticin na
ture.

Effect of accumulation potential

Theeffect of accumul ation potentia on peak cur-
rent wasa soinvestigated in potential rangefrom 0.0to
-5.0V at 30s perconcentration timefor 985 ng/mL of
ENP solution (pH~9.0). Experiments proved that the
peak current of ENPincreaseswith negative shifting of
starting potentia intherangefrom-0.3t0-0.5V and
the decease with negative shifting from-0.5to- 1.4V.
The peak current hasits maximum valueat initia po-
tential -0.5V, which was used in the subsequent ex-

amination of other decencies.
ey Research & Reotews On
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Effect of accumulation timeand reproducibility

The dependence of the peak current on accumu-
lationtimewas studied for four level sof concentration
named as (0.492, 4.92, 49.2 and 492 ng/mL ) of ENP.
Thestripping Sgnd increased linearly withincrease ac-
cumulationtimeupto 75 sfor al concentrationsfigure
7. Repesting threeexperimentson 4.92 ng/ mL at 60s
accumul ation time showed the reproducibility of the
adsorption process.

Effect of concentration and detection limit

The squarewave cathodic stripping peak for ENP
yieldsawell-defined concentration dependence using
SWCdASV method. Calibration plots over the ENP
concentration range, following different preconcentration
timeswareinvestigated. One peak was observed on
addition of puredrug to sampleat (-0.71) V asshown
infigure8. Onincreasing the ENP concentration, how-
ever, awell-defined peak was observed over the con-
centration 0.985-24.62 ng/mL at 15s, 0.985- 14.77 at
30sng/mL and from 0.985- 4.925 at 60 sng/mL, with
thestirringat - 0.5V, theresultsareshowninfigure9.
However, TABLE 3illugtratesthelinearity ranges. The
detection limitsestimated as 3o/b where b is the slope
and ¢ = standard deviation of theintercept(?62°%1 and
TABLE 3: Characterigticof linear regression of calibration

curves for enalapril in 0.04 M Britton-Robinson buffer
(pH~9.0) using SWCdSat different deposition times

Slope

Deposition Linearity Corrélation

a1y, Intercept
time (s) (r:gfrgﬁ) coefficient (“A’i”gg"‘ ) (uA) + SD

15 0.985-24.62  0.9965
30 0.985-14.77  0.9998
60 0.985-4.92 0.9980

3.57+0.42 4.704+ 0.43
3.09+£0.37 4.967+0.38
2.22+£0.56 5.335+ 0.53

quantitative limitswas a so computed as10c/ b. The
results obtai ned from the proposed method show that
ENP can be detected from 2 x 10 -2°M (0.0985 ng/
mL); withrelative standard deviation+0.01%, Corre-
lation coefficient r = 0.9964 (n =5) at accumulation
time60s.

Effect of interferences

Toinvestigatethe efficiency and selectivity of the
proposed anaytical method to Pharmaceutical formu-
lation, asynthetic sol ution containing afixed amount of
endapril (ENP) (1 x 10°M) wasspiked excessamount
of some common excipients and additives (1:10000)
that areused in Pharmaceutical preparation (e.g. Gly-
cine, DL-danine, DL- Vaine (aminoacids), Urea, and
somemetal ionssuchasFe(I11), Cu (1) and Cd (11)).

These additives and excipients were added to
voltammetric cell to study the effect of such additives
under the optimum experimenta conditionson theeffi-
ciency and sdlectivity of the proposed andytica method
to pharmaceutical formation.

However, different concentrationsof DL- valine
ranged from 1 x 10° to 1 x 10°°M was added, and
then the voltammogramswere recorded. Theresults
showed that the addition of 1 x 10°M of DL-Valine
increase the current response of ENP by about 15.78
% and the addition of 1 x 10-°°M increasethecurrent
peak by about 21.15 %. On the other hand it was ob-
served the addition of 1 x 10%and 1 x 10°M of DL-
alanine increase the peak response by 9.68 % and
10.69 % respectively. Using the same concentrations,
theconcentrations1 x 10°and 1 x 10°M Glycinewas
observed no significant interference. Ascorbicacidand

TABEL 4: Analysisof lisinopril intablet, spiked and real urine samples

Sample Accumulation Detection limits Linearity range  Slope (pA/ I nter cept Correlation
time (s) (ng/mL) (ng/mL) ngmL+SD (ng/mL)+SD coefficient
15 0.86 0.985-14.77 0.84 £ 0.01 5.04+0.24 0.9994
Ezapril® tablet® 30 0.78 0.985-14.77 0.92+ 0.02 559+ 0.24 0.9992
60 0.71 0.985-4.92 1.4+0.03 6.53+0.33 0.9980
Spiked urine 15 0.04 0.0985-0.49 27.39£0.33 27.39+£0.33 0.9972
sample 30 0.03 0.098-0.39 25.18+0.83 29.69+ 0.23 0.9984
60 0.02 0.098-0.39 28.20+ 1.01 33.13+0.20 0.9937
Real urine 15 0.84 9.85-49.25 0.43+0.01 31.14+0.12 0.9999
sample after 12 h 30 0.74 9.85- 39.40 0.41+ 0.01 30.84+0.10 0.9990
60 0.71 9.85-39.40 0.42 +0.01 35.30+0.10 0.9962
Real urine 15 0.65 0.985-20.83 0.69 £ 0.02 3215+ 0.15 0.9987
sample after 24 h 30 0.47 0.985-12.50 0.77 £ 0.02 33.36 £ 0.12 0.9985
60 0.43 0.985-4.16 1.74 + 0.09 33.510+ 0.25 0.9961
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Ureawere showed no significant interferenceon peak
responseof ENP.

Furthermore, theeffect of somemeta ionssuch as
Fe(l1), Cu (I1) and Cd (1) on the peak response of 1
x 10° M of ENPwasstudied. Different concentrations
of Fe(lll), Cu(Il) and Cd(Il) ranged from 1 x 10%to 1
x 10* M were added. In the presence of Fe (I11) the
current decreaseby 3.58 % at 1 x 10, 3.86 % at 1 x
10°M and 5.00% at 1 x 10* M on peak response of
ENP.

Butinthecaseof Cu (I1), it isshowed the current
increaseby 8.08%at 1 x 10°M and 10.28%at 1 x 10°
MinENP. Inthecaseof Cd (1) was observed no sig-
nificant interference on peak response of ENP.

Analytical applications

The proposed method was successfully applied to
determine enaapril in pharmaceutical preparations,
spiked and redl urinesamples.

Pharmaceutical preparations

Thesguarewavevoltammogram of thetablet ssample
was recorded after preconcentration timefor 15, 30
and 60 sin 0.04 M Britton-Robinson buffer (pH~9.0).
The content of thetabl et in the cell wasdetermined by
standard addition method“?. One peak was observed
on addition of pure drug to sample at (-0.58 V) on
increasing the ENP concentration, the peak current was
increased linearly from 0.985 - 14.77 ng/mL at 15, 30
sand from 0.985 - 4.92 ng/mL at 60s, which fitted
equationY =0.84 X + 5.04 with correl ation coefficient
0.9994,Y =0.68 X + 5.59 with correl ation coefficient
0.9992,Y =0.78x + 6.53 with correlation coefficient
0.9980 at 15, 30 and 60 s, respectively.

Theobtained valueswere compared Satistically by
studied t - test for accuracy and f -test for precision
withtheofficiad method#449,

Real urinesamples

The proposed method was a so applied to the de-
termination of ENPin human urinesamplesfrom hedthy
voluntresswho received assingleora doseof 10 mg of
Ezapril® tablet. The samplesof individual were col-
lected up to 24 h after administration of tablet and
urinary volumeswererecorded aswell. ENPwaswell
separated from organic componentsand excipientsdid
not interfere“. The result obtained summarized in

==  Pyl] Peper

TABLE 4, shownthat asmall amount of an adminis-
tered doseareexcreted in theurine. Theresults showed
ahigh correlation coefficient r >0.9992. Also, theob-
tained result from the proposed method for voltammetric
method“*+*, in which about 60 % of an oral doseis
excreted in human urineinthefirst 24 hours.

Accuracy and repeatability

Applying the proposed method for theanalysis of
ENPindosageforms, spiked and real urine samples
exhibited the correl ation coefficient of 0.9980, 0.9937,
0.9962 at 60s respectively, the standard deviation of
both slopes+ 0.71, + 0.28, + 0.10 % at 60 s respec-
tively, and theintercept of 20.73, 33.13,35.30at 60 s
respectively, indicating adequate precision and accu-
racy of the proposed method.

CONCLUSION

Potentiometric methodisexcellent method for cal-
culation of stability constant of meta ligand complexes.
ENA forms1:1, 1:2 and/or 1:3 metal to ligand com-
plexes. Also, the SWCdASV method with carbon paste
electrodefor thequantitativedeterminaionof ENPwas
foundto besmpleand highly senditivein dosageforms
and biological fluids. A detectionlimit of 2 x 101° M
(0.0985 ng/mL ) a 60 saccumulationtimewiththestan-
dard deviation+ 1.007 was obtained in pure solution.
The method can be used successfully to assay thedrug
in dosage form, as well as in spiked and real urine
samples. It has somedi stinct advantagesover existing
methodsregarding sengtivity; timesavingand minimum
detect ability. Moreover, it can bedirectly applied to
thedetermination of ENPinurinewithout prior extrac-
tion, and thisisan advantage over HPL C that necessi-
tates a clean-up procedure before application. The
method i s sensitive enough to monitor the drug level
after thergpeutic doses.
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