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ABSTRACT KEYWORDS
Two rapid, smple, precise and sensitive extractive spectrophotometric meth- Visible spectrophotometry;
ods (A and B) have been developed for the determination of diltiazem hy- DiltiazemHCl;
drochloride (DT-HCI) and levamisole hydrochloride (LM-HCI) in pure, tab- Levamisole HCI;
let dosage formsand biological fluids. Both methods (A and B) involvesthe Bromocresol purple;
formation of intense yellow ion-association complex between drug(s) and Chlorophenol red;
either of bromocresol purple (BCP) or chlorophenol red (CPR) reagents Tablets;
followed by extraction with methylene chloride. Theion-associates exhibit Biologica samples.

absorption maximaat 399 and 402 nmfor DT-HCI and at 405 and 406 nm for
LM-HCI with BCP and CPR, respectively. The calibration curvesresulting
from the measurements of absorbance—concentration relations (at the opti-
mum reaction conditions) of the extracted ion-association complexes are
linear over the concentration range 2.26—27.06 and 2.26—48.48 pg/mL for
DT-HCl and 1.20—16.86 and 2.41—32.51 pg/mL for LM-HCI with BCP and
CPR, respectively. The molar absorptivities and Sandell’s sensitivities of
the reaction products were calculated. In methods A and B the Slope, inter-
cept, correlation coefficient, relative standard deviation (RSD), detection
and quantitation limitswere also cal culated (n=5) for DT-HCI and LM-HCI.
No interference was observed from common excipients present in pharma-
ceutical formulations. The results are well compared to those obtained by
the reference methods using t- and F-tests. Therefore, the present methods
are suitable for the drugs determination, asthey are sensitive and preciseto
ahigh extent. © 2011 Trade Sciencelnc. - INDIA

INTRODUCTION benzothiazepin-3-yl acetate hydrochloride?. Medicaly,

it isabenzothiazepine calcium-channel blocker. Itisa

Diltiazem hydrochloride (DT-HCI) (Figure 1),  peripherd and coronary vasodilator property. DT-HCI
chemicadly, itis(2S,3S)-5-(2-Dimethylaminoethyl)-  inhibitscardiac conduction, particularly a thesino-arid
2,3,4,5-tetrahydro-2-(4-methoxyphenyl)-4-oxo-1,5-  and atrioventricular nodes 3. Pharmacokinetics, Itis
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rapidly absorbed (approx. 90%) from the gastrointes-
tinal tract after oral administration, but undergoes ex-
tensvefirst-pass hepatic metabolism viadeacetylation,
N-demethylation, O-demethylation and oxidative
deamination. Peak plasmaconcentrationsoccur about
3to 4 hoursafter adose by mouth. About 2to 4% of a
doseisexcreted in urine as unchanged diltiazem with
theremainder excreted asmetabolitesin urine, bileand
faeces.
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Figurel: Chemical structureof DT-HCI

A number of methodsareavailablefor DT-HCI de-
termination in varioustypesof samples. Theseinclud-
ing high-performanceliquid chromatography (HPLC)*
& and microbiological assay methodswere reported
for thedetermination of diltiazeminbiologica fluidssuch
as plasma, serum and urine™9, gas chromatograph
(GO)+13 high-performancethin layer chromatogra-
phy (HPTLC), capillary € ectrophoresis (CE)!*>17,
dectrochemica methodd*#24, A few methodshave been
reported on the determination of DT-HCI asvisible
spectrophotometry??24, Several of these above men-
tioned methods require the use of hazardous and ex-
pensive chemica swhich maketheprocessnot only a
chdlengefor theenvironment but too much complicated,
time consuming and expensivecodtly.

Levamisolehydrochloride(LM-HCI) (Figure2),lt
chemically, it is (S)-2,3,5,6-tetrahydro-6-
phenylimidazo[ 2,1-b]thiazolehhydrochloride?. Medi-
cdly, itisused asanantheminticand asan adjuvantin
malignant disease. LM-HCl isactive against intestinal
nematode wormsand appearsto act by paralysing sus-
ceptiblewormswhich aresubsequently diminated from
theintestines. In particular, LM-HCl iseffectiveinthe
treatment of ascariasis. It isa so used in hookworm
infectiong? 3. Pharmacokinetics, Itisrapidly absorbed
from the gastro-intestind tract. Maximum plasmacon-
centrationsare attained within 1.5to 4 hours. It isex-

—= Fyll Paper

tensvely metabolizedintheliver. Theplasmahdf-life
for levamisoleis3to 4 hoursand for themetabolitesis
16 hours. It isexcreted mainly in the urine as metabo-
litesand asmall proportioninthefaeces. A bout 70%
of adose is excreted in the urine over 3 days, with
about 5% asunchanged levamisole.
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Figure2: Chemical structureof LM-HCI

A survey of literature hasreved ed severa anayti-
cal methodsfor thedetermination of LM-HCI invari-
oustypesof samples, including high-performancelig-
uid chromatography (HPL C)!# and microbiological
assay methodswere reported for the determination of
livamisoleinbiologicd fluidssuch asplasma serumand
uring®3 gas chromatography (GC)BY, Thin layer
chromatography (TLC)#, A fluorescence®, Atomic
absorption spectrometric®+37, d ectrochemica meth-
0dg®4, oscillopolarographic titrationd and turbidi-
metric method and flow-injectioni*d. A few methods
have been reported on the determination of LM-HCI
as visible spectrophotometry+46l. Several of these
above mentioned methodsrequirethe use of hazard-
ous and expensive chemical swhich makethe process
not only achallengefor the environment but too much
complicated, time consuming and expensive costly.

Thus, theaim of the present work wasto investi-
gate economical, simple, precise, sensitiveand envi-
ronmentd friendly two analytical methodsA and B for
thedetermination of DT-HCI and LM-HCI using vis-
ible spectrophotometry. Both methods (A and B) in-
volvestheformation of intenseyellow ion-association
complex between drug(s) and either of bromocresol
purple (BCP) or chlorophenal red (CPR) reagentsfol-
lowed by extractionwith proper water-immiscibleor-
ganic solvent. It wasa so aimed to apply the devel oped
methodsfor accurate anaysisof DT-HCI and LM-HCI
not only intheir pureformsand the r tablet dosageforms
butinbiologica fluidsaswdl (serumand urinesamples).
Theresultsobtained from the proposed methods a so
have been datigtically compared usingt- and F-teststo
thereference methods. They also havethe advantage
of being cheaper than the reported methods.
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EXPERIMENTAL

Materials and Reagents

DT-HCI and LM-HCI standardswere kindly sup-
plied asagift samplesby Egyptian International Phar-
maceutical Industries Co. Cairo, Egypt (E.I.P1.CO.)
and KahiraPharmaceuticalsand Chem. Industries CO.
Cairo, Egypt, respectively and used without further
purification and purity was confirmed by thinlayer chro-
matography and by melting point measurements. Com-
mercid tabletsof DT-HCI such asAltiazem tabletscon-
taining 60 mg DT-HCI and commercid tabletsof LM-
HCl such asKetrex tabletscontaining40 mg LM-HCI
were purchased fromlocal drug market. Bromocresol
purple (BCP) (Figure 3) and chlorophenol red (CPR)
(Figure4) reagentsfrom Merck chemicals. All other
chemicals, solvents and reagents used were obtai ned
from commercid sourcesand wereof analytica reagent
grade. Doubly distilled water was used throughout for
final washingsand preparaionsof dl aqueoussolutions.
Freshly prepared solutionswere aways employed.
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Figure3: Chemical Sruc- Figure4: Chemical Sructure
tureof BCP of CPR

I nstrumentsand appar atus

All spectrophotometric measurementswerecarried
out by using UV-Visible DiodeArray spectrophotom-
eter (Hewlett Packard-Modd 8452A),in 1.0cm quartz
cells, was connected to PC computer and Hewlett
Packard DeskJet printer. The pHs of the prepared so-
|utionswere adjusted us ng Jenway pH-meter. More-
over, thedoubly distilled water was obtained ELGA
apparatus moddl, UHQ-11-MK 3, UK. Centrifugation
of body fluidssampleswas carried out with Centrifuge
(5702R) Modd, Eppendorf AG 22331 Hamburg, Ger-
many. Temperature adjustment during experimentswas
carried out with controlled temperature Water Bath
(MLW) Modd, W11-TGL, GBR. Automatic Pipettes
were used to measurethevery small volumeswhereas

Hnalytical CHEMISTRY o

glass micropipettesand buretteswere used to measure
thelargevolumes.

Prepar ation of standard solutions

For methodsA and B, standard stock solutions 0.01
M of DT-HCI and LM-HCI werefreshly prepared by
dissolving the appropriateweightsof 1.1275g (DT-
HCI) and 0.602 g (LM-HCI) inleast amount of warm
water then the solution was made up to 100 mL with
distilled water. Successivedilutionswere prepared for
carrying out the subsequent studies. Standard stock
solutions 0.01 M of CPR and 0.001 M of BCPwere
freshly prepared by dissolving the appropriate weights
of (0.1351 gand 1.0582 g, respectivey), inleast amount
of methanol then the solutionswere made up to 100
mL with distilled water. Successvedilutionswere pre-
pared for carrying out the subsequent studies.

Recommended proceduresfor thedeter mination
of DT-HCl and LM-HCI (Calibration standards)

For methodsA and B, 2.5 mL of 0.001 M BCPor
0.005M CPR were added in acid medium to asolu-
tion of DT-HCI using the concentration range of 2.26-
27.06 pg/mL (BCP) and 2.26—48.48 ng/mL (CPR)
of DT-HCI (n=5) weretransferred into aseriesof 125
mL separating funnds. Methylenechloride (10mL) was
added to each of the separating funnel, the contents
were shakenwell for two minutesand | eft at room tem-
peraturefor aminute. Thetwo phasesweredlowedto
separate and the methylene chloride layer was passed
through anhydrous sodium sul phate. The absorbances
of theye low ion-associ ation compl exeswere measured
at 399 and 402 nmfor BCP, CPR, respectively, against
corresponding reagent blank. Thisblank was prepared
inthe same manner without theaddition of DT-HCI. A
cdibration curveswereplotted (Figure 19). Inasimilar
way, 2.5 mL of 0.001 M BCPor 0.005M CPR were
added inacid medium to asolution of LM-HCI within
concentration rangeof 1.20—16.86 ug/mL (BCP) and
2.41—32.51 pg/mL (CPR) of LM-HCI (n=5). Using
the same procedures described for DT-HCI. The ab-
sorbance of theextract wasmeasured at & 405 and
406 nmfor BCPand CPR, respectively, against corre-
sponding reagent blank. A cdibration curveswere plot-
ted (Figure 20). Theresultsof DT-HCI and LM-HCI
ion-associateswith BCPor CPR correlated to Beer’s
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law arepresented in TABLE 2.
Sampleanalysis
Determination of DT-HCl and LM-HCl in tablets

For methodsA and B, ten tabl ets of atiazem and
katrex were accurately weighed separately and finely
powdered and mixed. A portion of the powder equiva
lent to the average wei ght of onetablet wastransferred
into a100 mL volumetric flask and 30 mL of distilled
water was added. The content of the flask was soni-
cated for 15 min. and filtered through whatman No.41
filter paper to separate out theinsolubleexcipients. The
residueswere washed thoroughly with distilled water.
Then take aliquot of thefiltrate made up to 100 mL
volumewith distilled water involumetricflask. Appro-
priatesolutionswere prepared by taking suitablediquots
of theclear supernatant and diluting themwith distilled
water togivefina concentrations. Thentheabsorbance
of these sol utionswas measured against reagent blank
atA . Theamount of DT-HCI or LM-HCI per tablet
was cdl culated using the calibration curve method. A
standard addition method wasd so used to confirmthe
accuracy and recoveries.

Determination of DT-HCland LM-HCI in serum
samples

InmethodsA and B, drug-free serum sampleswere
obtained from Bahteem Hospita from throw four vol-
unteers and stored in 4°C. Each individual was in-
structed not to use any medication before one day of
serum withdrawing. Becauseuntreated serum samples
canlead to turbid solutionswhen these are added an
amount of DT-HCI or LM-HCI stock solution, a
deproteinization processwith appropriate amount of
trichloroacetic acid was employed. The precipitated
proteinswereseparated by centrifugationfor 10 min at
4000 rpm. Theclear supernatant layer wastransferred
into a50 mL volumetric flask, and the protein-free se-
rum was directly analyzed without any pretreatment.
According to the experimental procedures described
earlier (section 2.4), the samples were processed for
visible spectrophotometric determination of DT-HCl or
LM-HCI by standard addition method. Theresultswere
summarizedinTABLE 7.

Deter mination of DT-HCIl and LM-HCl inurine
samples

—= Fyll Paper

For methodsA and B, collection of urinesamples
fromfour volunteerswas conducted inthesameway as
described dsewherd*’. Eachindividual wasinstructed
not to use any medication before two weeks of urine
collection. Theurinesampleswerethen collectedinthor-
oughly washed and clean plastic bottlesinthemorning
timefromfull bladder without any doseof DT-HCI or
LM-HCI. It may be necessary to adjust the pH or cen-
trifuge the urine for 10 min to remove the suspended
matter before determination. According to the experi-
mental proceduresdescribed earlier (section 2.4), the
sampleswere processed for visble spectrophotometric
determination of DT-HCI or LM-HCI by standard addi-
tion method. Theresultswere presentedin TABLE 7.

RESULTSAND DISCUSSION

Both methods(A and B) involvestheformation of
intenseyel ow ion-associ ation complex between drug(s)
and either of BCP or CPR reagentsfollowed by ex-
traction with methylenechloride. Many drugsare easy
to be determined by spectrophotometry based on
colour. Optimum reaction conditionsfor quantitative
determinationion-associ ation complexesof DT-HCl and
LM-HCI withBCP and CPR reagentswere established
viaanumber of following preliminary experiments.

Selection of suitablewavelength

Theabsorption spectraof theformed ion-associa-
tioncomplexesweremessured inthevisbleregionwithin
300-700 nm wavelength range against blank reagent
prepared in the same manner without the addition of
thedrug.

The DT-HCl ion-associateswith BCPand CPR re-
agents, A, of 399 and 402 nm have been obtained, re-
spectively asshowninFigure5. For LM-HCl ion-assodi-
aes, )\, of 405and406 nmwithBCPand CPR reagents
have been obtai ned, respectively asshowninFigure6.

Effect of extracting solvents

Thepolarity of the solvent affectsboth extraction
efficiency and absorpitivity of theion-associates. There-
fore, several water-immiscibleorganic solventsinclud-
ing n-hexane, petroleum ether, cyclohexane, carbon tet-
rachloride, toluene, benzene, diethyl ether, methylene
chlorideand chloroform wereinvestigated.
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abasorption spectra of OT-HCI lon-
assoclates with BCP and CPR
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Figure5: Absorption spectraof DT-HCI ion-associateswith
BCPandCPR

Abaorplon spectra of LM-HCI Ion-
asaoclates with BCP and CPR
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Figure6: Absorption spectraof LM-HCl ion-associateswith
BCPandCPR

Themost convenient solvent for DT-HCl and LM-
HCIl ion-associ ateswhich exhibit the maximum absor-
bance, high extraction power and stable coloursisme-
thylenechloride.

Inall casesthe agueousto organic phaseratio of
1:1.5wasthemost suitablefor theion-associate ex-
traction. Compl ete extraction was attained by using
singleportion of 10 mL solvent upon using the above
reagents. Figures. 7 and 8 summarizetheeffect of ex-
tracting sol vents on theformed ion-associ ates.

Effect of pH

Toinvestigate the optimum medium conditionsto
determine DT-HCI and LM-HCI, quantitatively the ef-
fect of pH was studied by using a series of solutions
(HCI/NaOH) inthe pH range of 1-14, for devel oping
thebest colour of drug-reagent ion-associates against
the chosen reagents. In DT-HCI and LM-HCI, the op-
timum pH rangefor completeformation of theion-as-
sociates showed that highest absorbanceva ues, a their

respective’r . werefoundto beintheranges 2-5for

BCPand CPR, asshownin Figures. 9 and 10.

Erfact of ax‘tractlng solvants on OT-
HCIl lon-as s oclates with BCOP and CPR
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Figure7: Effect of extractiﬁg solventson DT-HCI ion-associ-
ateswithBCPand CPR

Effect of sxtr E_Bfll'lg adslvants on LM-
HCI lon-asaoclates with BCP, CPR
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Figure8: Effect of extracting solventson L M -HCI ion-asso-
ciateswithBCP and CPR

Btaot of pH on DT-HCI lon-acsoolate s with
BZF and PR
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Figure9: Effect of pH on DT-HCI ion-associateswith BCP
andCPR
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Effsoct of pH on LFM-HE lon-ac s oclate s wiih
BCF and CFR
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Figure10: Effect of pH on LM -HCI ion-associateswith BCP
andCPR

At pHslessthan 2, the absorbance decrease may
be attributed to the formation of diprotonated species
of thedrug. In case of pH < 5 the absorbance decrease
duetotheformation of free base of thedrugwhich are
insolubleinwater and preci pitatesduring themixing.

Effect of reagent concentration

Theeffect of reagent concentration wastested by
using varying amounts(1-6) mL of 0.001 M BCPwith
1 mL of 0.0002 M (DT-HCI or LM-HCI) and 0.005
M CPRwith1mL of 0.001 M (DT-HCI or LM-HCI).

After implementing the optimum pH condition for
DT-HCI and LM-HCI, theformed ion-associate was
completely extracted with single portion of 10 mL me-
thylene chloride. The mixture was shaked for 2 min-
utes. Theresults showed that 5 mL of 0.001 M BCP
and 5mL 0.005M CPR weresufficient for good col our
intensity with maximum absorption of theinvestigated
ion-associ ates.

Effect of time

Under the above mentioned conditionsthe effect
of time ontheformation of theion-associateswas stud-
ied by measuring absorbance of the extracted ion-as-
sociates with increasing time intervals. The results
showed that theion-associatesareformed amost in-
santaneoudly.

Theéeffect of timeonthestability of theion-associ-
atesof DT-HCI and LM-HCI arerepresented graphi-
callyin Figures. 11 and 12, respectively. The devel-
oped colour remained of DT-HCI ion associateswas
stablefor 24 and 21 hoursfor BCPand CPRat A of
399 and 402 nm, respectively. Similarly, theion-asso-

—— Fyll Peper

ciatesof LM-HC| areformed almost instantaneoudly.
Moreover, the devel oped colour for LM-HCI remained
stablefor 24 and 24 hoursfor BCPand CPR, at A, of
405 and 406 nm, respectively. After theseintervals, a
decreasein colour intensity occurred inion associated
of DT-HCl and LM-HCI.

Bfect of time on the stabliity of DT-HCI
Icn-assoclates with BCP and CPR
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Figure 11 : Effect of time on the stability of DT-HCI ion-
associateswith BCP and CPR

Effact of time on the atabiiity of LM-HCI
lon-aseoclates with BCP and CPR
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Figure 12 : Effect of time on the stability of LM-HCI ion-
associateswith BCP and CPR

Effect of temperature

Under the aforementioned conditions (solvents, pH,
reagent concentration and time), the effect of tempera-
ture ontheformation of theion-associateswas studied
by measuring the absorbance of the extracted ion-as-
sociatesat atemperature range of 25-90°C.

For DT-HCI, theresults showed that theion-asso-
ciatesareformed dmost instantaneoudy inal casesat
room temperature 25+5°C and remain constant up to
45°C and 45°C for BCP and CPR, respectively as rep-
resented by itsabsorptivity a therecommended (A, _ ).
Similarly, theion-associatesof LM-HCl areformedin-
santaneoudy with dl reagentsat room temperature 25+
5 °C and remain constant up to 45°C and 45°C for
BCPand CPR, respectively. Theeffect of temperature
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onthestability of ion—associates of DT-HCl and LM-
HCl areshown in Figures. 13and 14.

Effsot of tsmperaturs on the ctablity of
DOT-HCI lon-accoclates with BCP and CPR
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Figure13: Effect of temperatureon thestability of DT-HCI

ion-associateswith BCP and CPR

Effeoct of tam paraturs on thes ctablity of
LM -HC lon-accoslates with BCF and CPR
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Figure14: Effect of temperatureon thestability of LM-HCI
ion-associateswith BCP and CPR

Thestoichiometry of theion-associates

Aided by spectrophotometeric measurements, the
stoi chiometries of theion-associates of DT-HCI and
LM-HCI with sel ected reagentswere investigated by
theaid of thefollowing spectrophotometeric.

Themolar ratiomethod

Themolar ratio method was described by Yoeand
Jones*. At the optimum conditions described earlier
for DT-HCI and LM-HCI ion-associates with their
proper reagents, aseries of solutionswere preparedin
which the reagent contents was kept constant, while
that of thedrug regularly varied. The absorbancies of
theresultant extractswere measured at the correspond-
ingA__ of theion-associates. The absorbancevalues
were plotted against themolar ratio of drug/reagent as
showninFigures. 15and 16.

Two graght lineswereintersecting at themolar ratio
of 1incaseof BCPand CPR which reflectstheforma:
tionof 1:1 ratio of (drug: reagent) for al ion-associates.

Molar ratio of OT-HCI Ien-agasoclates with
BCP and CPR
e s 3C

—a— CFR

Al orban o
S

[ 5 T T N = [ VS B |

]

0.5 1 1.5 2
Muolar ratle R

Figurel5: Molar ratio of DT-HCI ion-associateswith BCP
and CPR [D=drugsand R=reagents|

Maolar ratlo of LM-HCI lon-assoclates
with BCP and CPR
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Figure16: Molar ratioof LM-HCI ion-associateswith BCP
and CPR [D=drugsand R=reagents|
Thecontinuousvariation method

Themodification of Job’s“ continuousvariation
method performed by Vosburgh and Cooper™ was
utilized for investigati ng the reaction between drug and
reagent. A seriesof solutionswas prepared by mixing
equimolar solutionsof thedrug and reagent invarying
proportionswhile keeping the total molar concentra-
tion constant. The absorbance spectraof the resultant
extracts were measured at the respectivex, _ of the
ion-associ atesto determinetheabsorbance. Thenaplot
of the absorbance against the molefraction of thedrug
was constructed and presented graphically in Figures.
17 and 18, respectively.

Thecurvesexhibit amaximum a molefraction 0.5
with BCPand CPRindicatingtheformationof 1:1 (drug:
reagent) for the proposed i on-associ ates.
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Continuous varlation of DT-HZI lon-
accoolates with BCP anmd CFR
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o
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Figurel7: Continuousvariation of DT-HCI ion-associates

with BCPand CPR

Contlnuowus varlatlon of LM-HCI Ion-
asaoclates with BCP and CPR
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2
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Figure18: Continuousvariation of LM-HCI ion-associates
withBCPand CPR
Probablereaction mechanismfor thefor mation of
ion-association complexes

Inthefirst, aded by Chem Draw Ultra(Cambridge
Soft Chem. Office, Ultra2006 Versons 10.0), equipped
with additional GAMES software®-%3 the structures
of positive protonated nitrogen atom of DT-HCl and
LM-HCI compoundswere proposed.

Inthe second, the nature of the binding of reagents
to each druginthe presence of equal anount of BCP
or CPR was determined by the molar ratio“® and the
continuousvariation methods* %, Theresultsindicated
that al:1ratio of (drug: reagent) for all ion-associates
areformed asshownin Figures. 15-18.

Found that DT-HCI and LM-HCI reactswithBCP
or CPR formingion-associated compoundsthroughthe
el ectrogtati c attraction between positive protonated ni-
trogen atom of DTH* and LMH* and BCP or CPR
anions. Charts1 and 2 summarize probabl e reaction
mechanism for theformation of ion-association com-

—— Fyll Peper
plexesof DT-HCI and LM-HCl withBCPor CPR.

_ / ] _
—NH* (0]
N
N R=
e}
S
o)
i DTH \_

Chart 1: Probablereaction mechanismfor thefor mation of
ion-association complexesof DTH*with BCP and CPR-

TABLE 1: Optimal condition for theextraction of DT-HCI
and LM -HCl ion-associateswith BCPand CPR

DT-HCI LM-HCI
Parameters DT- DT- LM- LM-
BCP__CPR__BCP CPR
A max, nm 399 402 405 406

Cl,CH, CI,CH, CI,CH, CI,.CH,
Yellow Yelow Yelow Yelow

Extracting solvents
Colour of extract

pH range 25 2-5 2-5 2-5
Stability of extractsh. 24 21 24 24
Temperature on the

stability, °C 45 45 45 45
The stoichiometry of 11 11 11 11

the ion-associates
Validity of theBeer’s Lambert law

Thespectrophotometric determination of compounds
of DT-HCI and LM-HCI with BCPand CPR werecar-

ried out using gppropriate concentration rangeto ensure
theobedienceto Beer’s law (Figures 19 and 20).
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Chart 2: Probablereaction mechanism for thefor mation of
ion-association complexesof LM H*with BCP-and CPR-
Calibration curves of DT-HCI ion-
associates with BCP and CPR

-

—=-BCP
—a CPR

ADEQNDAn OB

0 1C 21 20 40 =0
Concentratlon, pg/mL

Figure19: Calibration curvesof DT-HCl ion-associateswith
BCPandCPR

Callpration curves of LM-HCI lon-
asaoclates with BCP and CPR

-a-BCP
PR

Absorbance

0 10 Z0 30 S0
Conosntration, poimL

Figure20: Calibration curvesof LM -HCl ion-associateswith
BCPandCPR

After optimization, the systems obeyed Beer’s law
inthe concentration range of 2.26-27.06 and 2.26—
48.48 pg/mL for DT-HCI and 1.20-16.86 and 2.41-
32.51 pg/mL for LM-HCI withBCPand CPR, respec-
tively. The gpparent molar absorptivities(e) werefound
tobe1.703x 10*and 9.919 x 10°L mol-* cm* for DT-
HCl and 1.551 x 10* and 8.002 x 10°L mol* cm™ for
LM-HCI with BCP and CPR, respectively and also
Sanddll’s sensitivities were calculated to be 2.6 x 1072
and4.4x10?% ugcm?for DT-HCl and 1.6 x 102 and 3
x 10 pg cm?for LM-HCI ion-associateswith BCP
and CPR reagents, respectively.

Thelinear regression equations (withinterceptsand
dopes) and correl ation coefficients of themean of five
consecutivescalibration curvesof DT-HCI and LM-
HCl with BCPand CPR reagents, respectively aregiven
iINTABLE 2.

Theregression equations(Y =a+bCwhereY =
absorbance, a=intercept, b = slopeand C = concen-
trationinug/mL), calculated from the calibration graphs
(N=5) usngKdied graph program, wereevaluated and
recorded in TABLE 2 for DT-HCI and LM-HCI, re-
spectively. Theinterceptsof thelineswerevery small
indicating that thereisno systematic difference between
the determined and expected concentrationswithinthe
Investigated range using the current methods.

Theall RSD valuesfrom DT-HCI and LM-HCI
wereevaluated and recorded in TABLE 2. Thesesdata
indicated that the devel oped methodshaveagood re-
peatability (werelower than 10%).

TheLimit of Detection (LOD) and Limit of Quan-
tification (LOQ) of DT-HCI and LM-HCI by the pro-
posed methods were determined using standard cali-
bration curvesand recorded in TABLE 2. [LOD and
LOQ werecalculated as 3.3 6/S and 10 6/S, respec-
tively, where Sisthe slope of the calibration curve
and o is the standard deviation of y-intercept of re-
gression eguation®,

I nterferencesstudy

To study the potentid interference problemsfrom
thecommonly used excipientsand other additiveswhich
may be present in the pharmaceutical preparationssuch
asmicrocrystalinecdllulose, lactose, povidone, starch,
magnes um stearate, sucroseand hydroxypropyl methyl
cellulose, recovery studieswereout. Under the experi-
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TABLE 2: Featuresof thecalibration curvesof DT-HCI and L M-HCl ion-associateswith BCPand CPR (N=5)

DT-HCI LM-HCI
Features Valuesfor Valuesfor Valuesfor Valuesfor
BCB CPR BCB CPR

Number of data points 8 7 8 7
Beer'slaw verification range, pg /mL 2.26-27.06 2.26-48.48 1.20-16.86 2.41-32.51
Molar absorpitivity (¢) [L mol™ cm™] 1.703 x 10* 9.919x 10° 1.551 x 10* 8.002 x 10°
Sandell's sensitivity [pug cm] 2.6x 102 4.4x 102 1.6x 107 3x10?
Regression equation (Y? Y =a+hC Y =a+hbC Y =a+hbC Y =a+ bC
Slope (b) 0.0374 0.0217 0.0640 0.0329
Intercept (a) 0.004 0.006 0.005 0.006
Correlation coefficient (r?) 0.9999 0.9997 0.9998 0.9997
RSD" (%) 0.24-2.15 0.36-3.45 0.88-3.52 0.53-3.46
Limit of Detection, LOD, pg /mL 0.06 0.32 0.12 0.22
Limit of Quantification, LOQ, ug /mL 0.18 0.96 0.37 0.68

a) Y=a+bC (where C isthe concentration of analyte, ng /mL and Y is absorbance); b) Calculated from five determinations.

menta conditionsemployed, excipientsin different con-
centrations were added to aknown amount of 5 and
10 pg/mL for DT-HCI with BCP or CPR, respectively
and to aknown amount of 4 and 6 pg/mL for LM-HCI
with BCP or CPR, respectively and analyzed accord-
ing to recommended procedures described earlier (sec-
tion2.4).

Reaultsof therecovery studiesof DT-HCl and LM-
HCI drugsand the above mentioned excipientsare pre-
sented in TABLE 3. It was concluded that the excipi-
entsdid not interferewith quantification of DT-HCl and
LM-HCI drugs in these methods and the proposed
methods coul d be considered specific. Inaddition, the
recoveriesin most cases were around 100% and the
lower values of the RSD indicatethe good precision of

these methods, thusthe procedureswas abl e to deter-
mination of DT-HCI and LM-HCI drugsin the pres-
enceof excipients. Inthe proposed methods, therewere
no needsfor pre-separation and only centrifugationwas
applied to makethe solution clear.

Sampleanalysis
Analysisof tablets

Recovery studieswere performed to judgethe ac-
curacy of the proposed method. Fivereplicate deter-
minations, us ng sel ected reagents, three different con-
centrationsof pure DT-HC| and dtiazem 60 mg /tabl et
aswell asfor pure LM-HCI and katrex 40 mg/tabl et.
[From theamount of drug found, percentagerecovery
was cal cul ated and accuracy was assessed as the per-

TABLE 3: Determination of DT-HCI and L M-HCl ion-associateswith BCPand CPR in presence of excipients(each valueis

result of five separ ate deter minations)

Amount taken of DT-HCI

Amount taken of LM-HCI

(ng/mL) (ng/mL)
Excipients 5 10 4 6
% Recovery +£SD % Recovery £SD % Recovery £SD % Recovery +SD
BCP CPR BCP CPR
Microcrystalline cellulose 100.27+1.60 100.20+0.95 99.42+2.02 99.50+0.60
Lactose 99.53+0.61 100.13+1.25 100.75+1.64 100.83+1.17
Povidone 99.20+1.058 99.20+0.66 99.67+1.88 99.72+0.63
Starch 100.07+1.62 100.17+1.05 99.83+0.88 99.50+2.02
Magnesium stearate 100.40+1.20 100.47+1.34 100.58+1.28 100.28+1.84
Sucrose 98.80+0.92 100.30+1.31 99.25+0.75 100+1.26
Glucose 99.53+1.62 99.27+1.12 100.50+1.39 100.39+1.34
Hydroxypropyl methylcellulose 99.60+1.44 100.67+1.10 100.58+1.77 99.72+0.84
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TABLE 4: Accuracy and recovery datafor thedeveloped methods (each valueisresult of five separ ate deter minations)
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Predicted con. (ug /mL)?

Drug Sample Method Mean % recovery (#8.D)  Accuracy (%)°
Range Mean (+S.D) R.SD
04.88-5.14 5.02+0.10 2.00 100.44+2.01 0.44
BCP 09.79-0.22 10.03+0.18 1.79 100.32+1.80 0.32
Pure solution 19.74-20.11  19.95+0.16 0.79 99.73+0.79 -0.27
09.86-10.25  10.07+0.14 1.40 100.72+1.41 0.72
CPR 19.62-20.30  19.95+0.28 1.40 99.76+1.40 -0.24
DT-HCI 34.71-35.30  35.01+0.24 0.69 100.02+0.69 0.02
04.90-5.10 4,98+0.08 1.62 99.68+1.62 -0.32
BCP 09.91-10.25  10.06+0.14 1.42 100.62+1.42 0.62
Altiazem Tablets 19.55-20.11  19.92+0.22 111 99.62+1.11 -0.38
09.78-10.20  (09.96+0.19 1.86 99.58+1.85 -0.42
CPR 19.69-20.11  19.93+0.17 0.86 99.65+0.86 -0.35
34.55-35.10 34.8+0.23 0.65 99.43+0.65 -0.57
03.91-04.10  04.01+0.08 204 100.30+2.04 0.30
BCP 07.88-08.16  08.04+0.11 1.39 100.45+1.40 0.45
Pure solution 11.85-12.20  12.03+0.14 1.19 100.28+1.19 0.28
05.79-06.11  05.99+0.13 222 99.97+2.22 -0.03
CPR 11.77-12.25  12.01+0.19 1.60 100.07+1.60 0.07
LM-HCI 23.79-24.26  24.05+0.19 0.77 100.21+0.77 0.21
03.87-04.08  03.97+0.09 2.20 99.35+2.18 -0.65
BCP 07.88-08.11  07.99+0.10 1.20 99.98+1.20 -0.03
K atrex Tablets 11.78-12.25  12.01+0.19 1.59 100.05+1.59 0.05
05.86-06.08  05.95+0.08 1.40 99.20+1.39 -0.80
CPR 11.82-12.21  11.96+0.15 1.24 99.7+1.24 -0.30
23.59-24.15  23.91+0.22 0.93 99.62+0.93 -0.38

2 Predicted concentration of DT-HCI and LM-HCI with BCP and CPR were calculated by linear regression equations.
b Accuracy is given in % relative error =100 x [(predicted concentration—nominal concentration)/(nominal concentration)].

TABLE 5: Reaultsof standard addition method for DT-HCI and LM -HCI with BCPand CPR (each valueisresult of five

separ atedeter minations)

Conc Conc. Total conc. % Conc Conc. Total conc. %
M ethod of drug of pure of drug Analytical of drug of pure of drug Analytical
in tablets drugadded found recovery intablets drugadded found recovery
(ng/mL) (pg/mL)  (pug/mL) (#S.D) (ng/mL) (pug/mL)  (ng/mL) (#S.D)
04.92 05.00 9.92 100.08+1.85 03.98 04.00 07.95 100.35+2.10
BCP 04.92 10.00 14.86 99.40+2.00 03.98 08.00 11.94 99.53+0.96
04.92 20.00 24.87 99.74+1.43 03.98 12.00 15.99 100.08+0.91
09.92 10.00 19.88 99.56+1.96 05.97 60.00 11.97 100.03+2.14
CPR 09.92 20.00 29.82 99.48+1.66 05.97 12.00 17.88 99.25+1.42
09.92 35.00 44.84 99.76+1.09 05.97 24.00 29.99 99.49+1.64

The percent recovery of the added pure drug was calculated as, % recovery = [(C —C)/C ] x 100, where C is the total drug
concentration measured after standard addition; C, drug concentration in the formulation; C_ drug concentration added to

formulation.

centagerdativeerror (Bias %) between the measured
mean concentrations and added concentrations at the
sameconcentration of DT-HCl and LM-HCI]. And then,
theresultsof the accuracy and recovery studiesof DT-
HCl and LM-HCl intheir pureformsand their tabl et
dosageformsaresummarizedin TABLE 4.
Togiveadditiona support to accuracy of the de-
vel oped assay method, standard addition method was
done. Inthisstudy, threedifferent concentrationsof pure
DT-HCI and LM-HCI drugswith BCPand CPR re-

Hnalytical CHEMISTRY o

agents, respectively were added to aknown pre-ana
lyzed formulation samples(DT-HCl and LM-HCI tab-
lets) and thetotal concentrationsweredetermined us-
ing the proposed methods (n=5). The percent recov-
ery of the added pure drug was calculated as, % re-
covery =[(C —C )/C]*x100, where C isthetota drug
concentration measured after standard addition, C is
drug concentration inthe formulation and C, isdrug
concentration added to formulation. Therefore, there-
sults of theanalysesand recovery studies of DT-HCI
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TABLE 6: Satigtical evaluationsof obtained datafrom DT-HCl and L M- HCI (puredrugs) and phar maceutical for mulations
(tablets) containing DT-HCI and LM -HCI by the proposed and r eference methods

Statitical Pulrjgs-cl)_I'Lilion Reference A.il-{lakzlgrll Reference Pul;gﬂs-oﬁ'liilon Reference Lli\/latr'e((:l Reference
values BCP CPR method Tablets method BCP CPR method Tablets method
BCP CPR BCP CPR
N 5 5 3 5 5 3 5 5 3 5 5 3
X,
Recovery 100.16 100.17 99.78 99.97 99.55 100.05 100.35 100.08 99.91  99.79 99.51 100.03
(7
éD) 154 1.20 0.73 1.38 1.15 0.61 147 152 0.73 161 113 0.65
RSD.(%) 153 1.20 0.73 1.38 1.16 0.61 147 152 0.73 162 114 0.65
F- value
F° 441 268 5.04 351 405 435 6.12 3.03
F 6.94 694 6.94 6.94 6.94 694 6.94 694
t-value
t¢ 055 0.73 0.13 0.97 0.67 0.25 0.33 103
t! 2776 2.776 2776 2.776 2776 2.776 2.776 2.776

N: number of determination, X : mean recovery, S.D: standard deviation, F-value and t-value are theoretical values at 95%
confidence level, F ¢ calculated F-value, F': tabulated F-value, t & calculated t-value, tt: tabulated t-value.

and LM-HCI| with BCPand CPR reagentsare summa-
rizedinTABLES.

The applicability of the proposed methodsfor the
determination of compoundsof DT-HCI and LM-HCI
intheir pureformsand their commercia dosageforms
(tablets) was examined by analyzing marketed prod-
ucts. Theresults of the proposed methods were stetis-
tically compared with reference methods®! and sum-
marizedin TABLE 6. Itisevidencefromtablesthat the
ca culated t-test valueand F-test values™ arelessthan
thetheoretica onesat 95% confidencelevd, indicating
no significant difference between the methods com-
pared. Based on the foregoing, the proposed methods
arehighly sensitive, precise, smpleandrapid and are
successtully applied for thequdity control of pureDT-
HCl and LM-HCI drugsand their pharmaceutica dos-
ageforms(tablets).

Analysisof serum and urinesamples

Therearemany advantagesin measuring quantities
of drugsand their metabolitesidentifiedinthescreening
methods, particularly with respect to problemsof inter-
pretation. Theproposed methods depend uponthere-
action between the suggested reagents with unchanged
drugexigsinsarumand urine Thepresent methodswere
safely usedin serum and urineanaysisfor quantitative
determination of compoundsof diltiszemandlevamisole
inserumand urinesamplesafter GC/M Sidentification.

TABLE 7: Therecovery of DT-HCl and LM -HCI with BCP
and CPR in serum and urinesamples (N=5)

The

Found

Drug Method Sample added  (ug/mL) Re;f/’;’)e’y R('oi;?'
(ng /mL) +S.D

0300 0287+007 9553 249

BCP Serum 0600 05.69:0.11 9480 185

1200 1153:0.18 9608 157

04.00 03.86+0.10 9655 270

_ BCP Urine 0800 07.800.15 97.55 192

g 1600 15.65:030 97.83 194

= 0400 03.76£0.12 9390 3.20

CPR Seum 0800 07.54:0.13 9420 177

1200 1531£0.16 9566 1.06

07.00 06.73:0.14 9620  2.07

CPR Urine 1400 13.49:028 9634 2.09

2800 27.18:0.54 97.08 1.99

0200 0191x0.04 9550 1.85

BCP Serum 0500 04.81£0.10 9624 197

09.00 08.64:0.12 9598  1.42

0300 0290:0.05 9680 155

s BCP Urine 0600 0582010 9706 164

¥ 1000 09.89+0.09 9894 093

= 0400 0376£0.10 9410 271

= CPR Serum 0800 07.68:0.10 9598 124

1600 1531£0.15 9568 0.96

0500 04.83:0.08 9668 171

CPR Urine 1000 09.74+0.11 97.38 1.5

2000 19.45:0.17 9726  0.88

According to the experimental procedures men-
tioned earlier (sections2.5.2 and 2.5.3), the standard
addition method was used for quantitative determina
tion of compoundsof diltiazem andlevamisoleinserum
and urine sampleswithin the concentration range of
2.26-27.06 and 2.26—48.48 ug/mL for DT-HCl and
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1.20-16.86 and 2.41-32.51 ug/mL for LM-HCI with
BCPand CPR, respectively.

Theresultsof andysisand recovery Sudiesaregiven
inTABLE 7, inwhich recoveriesin most caseswere
around 100% and thelower values of the RSD indicate
thegood precision of themethod values.

CONCLUSION

The proposed methodsA and B aresimple, rapid,
precise and sensitive compared to thereported meth-
ods. Theutility of the proposed methodsfor the deter-
mination of compoundsof DT-HCl and LM-HCl intheir
pureforms, tablet dosage formsand biological fluids
(serumand urinesamples) havebeenwed| demondtrated.
The assay methods did not involve any stringent ex-
perimental conditions, and weredso freefrominterfer-
ence by common excipients. Themean vauesobtained
and the cal culated standard deviations are compared
with those obtai ned by the reference methods, by ap-
plyingthet- and F-tests. Theresults presented herein
for DT-HCI and LM-HCI expressexcd lent agreement
and considered significant with those obtained using
reference methods

Hence, the proposed methods could be used for
routinequality control. Thus, it clear that the present
methods are of high accuracy, precision, speed and se-
lectivity, beside being of low cost and easily gpplied for
thedetermination of thedrugsunder investigationin pure
form, tablet dosageform and biological fluidsdepend
on sampler spectrophotometric measurementsinvisible
region using chemica reagentswhich areavailable.
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