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ABSTRACT

lon - associate complexes of benazepril; (Bp), moexipril;(Mp) and
quinapril;(Qp) hydrochlorideswith [Mn (SCN),]* and [Zn (SCN),]* were
precipitated and the excess unreacted manganese or zinc complex was de-
termined. A new method using atomi ¢ emission and atomic absorption spec-
trometry for the determination of the above drugsin pure solutionsand in
pharmaceutical preparationsis given. The drugs can be determined by the
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affort method intheranges0.73 - 82.89, 085 - 96.39 and 0.75 - 8541 ugmL !

solutions of Bp, Mp and Qp, respectively.
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INTRODUCTION

Benazepril, moexipril and quinapril hydrochlorides
arevery important pharmaceutical compounds. There-
fore, wefound it important to prepare new ion-associ-
ates containing these drugs and to study and elucidate
the chemical structures. Also thework present anew
rapid method for the determination of thesedrugs after
transformationinto theion-associates.

Benazepril hydrochloride, (3-[(1-ethoxycarbonyl-
3-phenyl-(19)-propyl) -amino]-2,3,4,5-tetrahydro-2-
0Xx0-1-(39)-benazepine-1-acetic acid hydrochl oride),
isaprodrug type angiotens n-converting enzyme (ACE)
inhibitor?, whichis proved effectiveintreating con-
gestive heart failure and hypertension®5. M oexipril
hydro-chloride, (39-2-[(29)-2-{[(19)-1-(ethoxycar-
bonyl)-3-phenyl-propyl]-amino} - 1-oxopropyl]-6,7-

dimethoxy-1,2,3,4-tetrahydroi soquinoline-3-carbo-
xylic acid hydrochloride, isanew potent orally active
non-sulfhydryl angiotensin-convertingenzyme (ACE)
inhibitor for thetreatment of hypertension and conges-
tive heart failure!®. Quinapril hydro-chloride,(3-
isoquinolinecarboxylic acid, 2-[ 2-[ 1-(ethoxycarbo-nyl)-
3-phenylpropylamino]-1-oxopropyl]-1,2,3,4-
tetrahydro-mono-hydro-chloride, isanon-peptide, non-
sulfhydryl angiotensin convertingenzyme (ACE) inhibi-
tor belongingtothethird classof ACE inhibitors. The
roleof thiskind of drugsistoinhibit thelast step of the
biosynthesisof angiotensin1l, apotent vasoconstrictor,
causing genera vasodilatation. Quinapril isusedfor the
treatment of mild to moderate hypertension and con-
gestiveheart failure, either doneor in conjunctionwith
other drugs™.

Several methods have been published on the de-
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termination of Bp; including high performanceliquid
chromatography (HPLC)™-19, derivative spectropho-
tometry*32021 capillary eectrophoresis (CE)2%, high
performancethinlayer chromatography-densto-metry
(HPTLC)*", HPLC-€lectro-spray-mass spectrom-
etry?d enzy-matic method®!, coated-wireion-selec-
tivedectrodewith thermal studies® and gas chroma-
tography-mass spectrometry (GC-M S)27, Only two
methods have been reported for the determination of
Mp, GC-M S?! and derivative spectrophoto-metry-
HPLC™I and Qp; HPLC with UV detectiont330,
HPLC with fluorescence®Y, radio chemica detec-
tion®, GC-M S*, electron capture detection*! and
HPLC™, theuseof smpler, faster, lessexpensiveand
senstivemethodisdesirable.

Although, Direct Coupled Plasma-Atomic Emisson
Spectrometry (DCP-AES) and Atomic Absorption
Spectrometry (AAS) arerapid methodsand haveavery
low detection limitswhich can not bereached by most
of other methods, they have so far not been applied yet
to thedetermination of thesedrugs. The present study
includesnew DCP-AES and AAS methodsfor thede-
termination of theinvestigated drugs. Themethodisbased
ontheprecipitating theion-associatesformed asaresult
of the combination of thesedrugswith anexcessof [Mn
(SCN),J*> and[Zn (SCN),].* Theequilibrium concen-
tration of themetal ion present asthe solubleinorganic
complexioninthesupernatant solution wasdetermined
using atomic emission and absorption.

EXPERIMENTAL

Reagent and materials

Doubly-digtilled water and anaytical gradereagents
were used inthe preparation of al solutions. Bp was
obtained from Ciba Company, Egypt, Mp was pur-
chased from Schwarz Pharma, Germany and Qpwas
purchased from Goedecke, Germany. Manganesechlo-
ride, zinc acetate and potassi um thiocyanate werefrom
Aldrich. The pharmaceutical preparations of Bp;
[Cibacin (10 mg/ tablet) and Cibadrex (25 mg/ tab-
let)] tabletswere obtained from alocal pharmacy, of
Mp; wasfrom Schwarz pharma, Germany [Uniretic
tablets (7.5 mg/ tablet)] and of Qp; wasfrom Servier,
France[Accuzide 20 tablets (20 mg/ tablets)].

—= Fyll Paper
Apparatus

The pH of the solutions was measured using an
Orion ResearchModel 701A digital pH-meter. Direct
coupled plasmaatomic emission measurementswere
carried out using aBeckman spectraspan |11 emission
spectrometer and atomic absorption measurements
were made on Hitachi atomic absorption Z-6100 po-
larized Zeeman spectrometer. Conducti metric measure-
mentswere carried out using conductivity measuring
bridgetypeM.C.3model EBB/10(K = 1); [Chertsey,
Surry, England]. The IR absorption spectrawere ob-
tained by applyingthe KBr disk techniqueusingaPY E
UNICAM SP- 300 infrared spectrometer.

Preparation of thestandard solutions

Thestandard solutionsof Mn (1) and Zn (11) were
prepared by weighing 1.0 g of high purity manganese
chlorideor zincmetal and transferringtoal-liter volu-
metric flask and then adding 50 ml of concentrated
HNO,. After completedissolution, thesolutionwesfilled
tothemark with distilled water. The 1000 ugmL*Mn
or Zn solutionswere stored in plastic bottleswhich had
been presoaked in dilute HNO,. The solutionswere
stablefor approximately oneyear.

Emission and absor ption measurements

UsngAESthemanganesewas measured at wave-
length 257.61 nm, order 87, plasmaposition 0.0, de-
tectionlimit 0.003 ugmL2, linear dynamic ranges 0.03-
100 png mL1, background equivalent concen-tration
0.1 mg, entrancedits50 x 300 um and exit 4its 100 x
300 um. Using AAS the Zn (Il) was measured at
wavelength 213.9 nm, dlit 0.7 nm, relative noise 1.0,
sengitivity 0.018 ngmLand linear range 1.0 ugmL ™.
Theinstrumentswere equaly adequatefor present pur-
poses and were used according to availability. The
atomic spectrometry was calibrated asin the previ-
ously reported work,

Deter mination of solubility of theion - associates

Thesolidion-associate was added in excessto a
solution of the optimum pH and ionic strength. The
solution was shaken for 4-6 h and | eft to stand for a
weak to attain equilibrium. Then the saturated solu-
tion wasfiltered into adry-beaker (rgjecting thefirst
few ml of filtrate). The equilibrium concentration of
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themetd ion present in theform of asolubleinorganic
complex was measured using atomic spectrometry.
Hencethesolubility (S) of the precipitate was eval u-
ated, fromwhich the solubility product of theion-as-
sociatewas cal cul ated.

Conductometric measur ements

The stoichiometry of theion-associ ateswas eluci-
dated also by conductometric titrationg®” of the drugs
with[Mn (SCN),]* and[Zn (SCN),]* solutions.

Analytical determination of thedrugsin agueous
solutions

Aliquots (0.04 - 4.5 mL) of 0.001 mol L-* drug
solutionswerequantitatively transferred to 25 mL volu-
metric flasks. To each flask 1.0 mL of 0.01 mol L™
standard solution of [Mn (SCN),]* or [Zn (SCN) ]*
was added and the volumewas compl eted to themark
with the agueous sol utions of the optimum pH and
ionic strength (prepared from HCIl and NaOH). The
solutions were shaken well and left to stand for 15
min then filtered through Whatman P/S paper (12.5
cm). Theequilibrium meta ion concentrationinthe
filtratewasdetermined usingAES or AAS. The con-

sumed metal ion (Mnor Zn) intheformation of ion-
associateswas cal cul ated, and the drug concentration
wasdeterminedindirectly.

Analytical determination of drugsin phar maceuti-
cal preparations

For analysisof Bp, sampling wasmade by griding
up 10tabletsof both Cibacin and Cibadrex tabletsthen
taking 1.50-78.35 and 2.50-80.65 ug of Cibacin and
Cibadrex, respectively. For analysisof Mp, sampling
was mad by grinding up 20 tabletsof Uniretic tablets
then taking 1.25-85.50 ug. In caseof analysisQp, sam-
pling was made by grinding up 12 tabletsof Accuzide
20 tabletsthen taking 2.25-82.25ug of thetablets. In
all casesthetabletswere anayzed applying the above
described procedure.

RESULTSAND DISCUSSION

Theresultsof theelementd andysis(TABLE 1) of
the produced solid ion-associatesrevealed that in al
casestwo drug cationsformion-ssociateswithone[Mn
(SCN),J* or [Zn (SCN),]* ion. Theseresultsare com-
parableto the previoudly reported resultg4,

TABLE 1: Elemental analysis, composition and some physical propertiesof thedrugion - associates

% Found (calculated)

Drug | on-associate composition mdcp. I\:I(;Ii%r Color H N M etal

(Mnor Zn)

Benazepril (Coaa Hzg N2Os)2[MN(SCN)y 365 2:1  white 54.88(54.91) 4.95(4.93) 9.88(9.86) 4.87 (4.84)
(CoaaHzgN2Os)o[Zn(SCN)y 324  2:1  white 54.46 (54.42) 4.90(4.88) 9.79(9.76) 5.72(5.69)

Moexipril (Co7Has N2O7)2[MNn (SCN)4 320 2:1  white 54.13(54.10) 5.47 (5.44) 8.74(8.70) 4.30(4.27)
(C;7Hs N2O7),[Zn(SCN)y 288 2:1  white 53.69(53.66) 5.42(5.39) 8.66(8.63) 5.06 (5.03)

Quinapril (CsHzoN2Os)2[MN(SCN)y 265 2:1  white 56.56 (56.53) 5.27 (5.23) 9.81(9.77) 4.82(4.79)
(CsHzoN2Os),[Zn(SCN)y 250 2:1  white 55.18(55.16) 5.14 (5.11) 9.57(9.53) 5.59 (5.56)

Conductometrictitrationsof theinvestigated drugs
with[Mn (SCN),]* and [Zn (SCN),]* were performed
to provideingight into the stoichiometric compositions
of theion-associatesformed in solution. With al ion-
associates, the characteristics curve-breaks are ob-
served at acation/ anionmol ratio of about 2, confirm-
ingtheformationof 2: 1 (drug: X?) ion-associates.
Theresultsobtained coincidewith thee emental analy-
s sof the precipitated ion-associates. The optimum pH
andionic strength values (TABLE 2) have been € uci-
dated by determining the solubility of theion-associ-
atesinHCI-NaOH solutionsof different pH valuesand
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ionic strengths. The best werethose exhibiting lowest
solubility values.

Analytical determination of drugsin aqueous so-
lutionsand phar maceutical preparations

Benazepril HCI, moexipril HCI and quinapril HCI
were determined precisely and accurately in agueous
solutionsat their optimum conditions of pH andionic
strength (TABLE 2) and in pharmaceutical prepara-
tions using the present method. Theresultsgivenin
TABLE 3reved that recoverieswereintherange99.89
-101.32 % and 98.76 - 101.26 %, reflecting the high
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accuracy inadditionto the high precisionindicated by
thevery low vauesof therelative standard deviation.
TABLE 2: Solubility and solubility product of theion-associ-

atesat their optimum conditionsof pH and ionic strength (u)
valuesate25°C

lon - associate pH n  ps Pksp
Benazepril Mn - thiocyanate 50 02 6.43 18.68
Moexipril Mn - thiocyanate 40 04 633 1841
Quinapril Mn - thiocyanate 70 03 6.36 1849
Benazepril Zn - thiocyanate 6.0 05 6.01 17.43
Moexipril Zn - thiocyanate 50 03 6.03 1748
Quinapril Zn - thiocyanate 80 04 6.07 17.62

ps: -log solubility; pksp: -log solubility product

TABLE 3: Determination of theinvestigated drugsin aque-
oussolutionsand in phar maceutical preparationsby AES
andAAS

Taken Mean Mean
Sample recovery RSD
(n9) (%) (%)
Using [Mn (SCN),*"
Benazepril solution 0.73-82.89  99.89 12
Cibacin tablets® 150-78.35 101.03 11
Cibadrex tablets” 250-80.65 101.09 13
Moexipril solution 0.85-96.39 101.16 0.7
Uniretic tablets® 1.25-8550 101.06 15
Quinapril solution 0.75-8541 101.32 0.6
Accuzide 20 tablets 225-8225 101.16 0.8
Using [Zn (SCN),]#**
Benazepril solution 0.73-8289 98.76 13
Cibacin tablets® 150-78.35 100.08 12
Cibadrex tablets’ 2.50-80.65 100.12 1.0
Moexipril solution 0.85-96.39 101.06 0.7
Uniretic tablets® 1.25-8550 100.04 12
Quinapril solution 0.75-8541 101.26 05
Accuzide 20 tablets’ 225-8225 101.12 0.7

RSD : Relative Sandard Deviation (six determinations); *By
AES; **By AAS;, 2Ciba, Egypt; °Ciba, Switzerland; °Schwarz
pharm, Germany; “Servier, France

Generally, the present method isasgood asthose
reported before where,0.73- 82.89,0.85- 96.39 and
0.75-85.41 pg mL solutions of Bp, Mpand Qpusing
[Mn (SCN),]* and [Zn (SCN),]* were determined,
respectively, which meansthat thismethodisgpplicable
over wider concentration rangesthan previoudly pub-
lished methods for Bp!*4172% in which Bp was deter-
mined using micro-bore liquid chromatography by
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Panderi and Poulou, derivative spectro-photometry by
El-Gindy et al. and ratio spectra derivative spectro-
photometry by Nevin Erk in theranges5-20, 4-20 and
8-36 ug mL1, respectively. For Mpi? in which Mp
wasdetermined usngHPLC by Erturk et d. intherange
1.0- 11 pg mL%. In case of Qpi*! in which Qp was
determined using HPL C by Gumieniczek and Hopkala
intherange0.1-0.5mgmL™.

In pharmaceuticd andysisitisimportant totest the
selectivity toward the excipiencesand thefillersadded
to the pharmaceutical preparations. Fortunately, such
materials mostly do not interfere. It isclear fromthe
results obtai ned for the pharmaceutical preparations
(TABLE 3) that these excipiencesdo not interfere.

In order to establish whether the proposed method
exhibitsany fixed or proportiona bias, asmplelinear
regression®! of observed drug concentration against the
theoretical values (five points) was calculated. The
student‘st-testY! (at 95% confidence level) was ap-
pliedtothedopeof theregressonline(TABLE4), which
showedthat it did not differ significantly fromtheided
vaueof unity. Hence, it can beconcluded that thereare
no systematic differencesbetween thedetermination and
thetrue concentration over awiderange. The standard
deviations (SD) can be considered satisfactory at |east
for thelevel of concentrationsexamined.

Although the present method ismoretime consum-
ing than someother methods, it exhibitsfair sensitivity
and accuracy. M oreover, thereproducibility of there-
sultsissuperior to those obtained with other methods.
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