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ABSTRACT

A simple and sensitive spectrophotometric method has been devel oped for
the determination of clomipramine hydrochloride (CPH) in pure and tablet
dosageformsby ion-pair complex formation between sulphonphthalen dyes:
clomipramine hydrochloride (CPH). The method was based on theion pair
formation of clomipramine with dyes. The method was based on the forma-
tion of ion-pair complex which was extracted and measured spectrophoto-
metrically. Theion-pair chromogen being extractablewith chloroform could
be measured quantitively at 420nm against reagent blank treated similarly.
Beer’s law is obeyed in concentration range 2-24, 2-30, 1-10 and 2-25ug mL~
Twith correlation coefficient equal 0.996, 0.997, 0.995 and 0.999 with Bro-
maophenol blue (BPB), Bromothymol blue (BTB), Bromocresol purple (BCP)
and Bromocresol green (BCG) respectively and Effects of foreignionswere
also studied. Statistical analysis proves that the proposed method is repro-
ducible and selective for the routine analysis of pharmaceutical formula
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tionsof Clomipramine

INTRODUCTION

Clomipramine hydrochl oride are adibenzoazepine
derivativesdrugsbe ongingto classof pharmacologica
agentsknown as cyclic antidepressants (CA ) which
used totreat severd psychiatric disorders, generdized
anxiety disorder, depression, panic disorder, obsessve-
compulsvedisorder, eating disorders, attention deficit
hyperactivity disorder and enuresisin children, some
CA areavailablein solid oral dosageformsaseither
tablets or capsules™. Clomipramine Hydrochloride
CapsulesUSP(25 mg, 50 mg, and 75 mg) [Malinckrodt
Inc.] Anafranil, (clomipramine hydrochloride capsules
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USP), isan antiobsessional drug that belongsto the
class (dibenzazepine) of pharmacol ogic agentsknown
astricyclic antidepressants. Anafranil isavailableas
capsulesof 25, 50, and 75 mg!?. The dibenzoazepine
class of compounds encompasses abroad spectrum of
theoretica and gpplied disciplines Anenormousamount
of research on depressvedisordershasbeen conducted
in pharmaceutica |aboratories. Dibenzoazepinederiva:
tivesarechemicaly active substances®. They react with
some organic compounds and with halide and
thiocyanide complexesof metd 949, They aso undergo
oxidativereaction with theformation of colored prod-
ucts”9. Theoxidation reaction isa4-electron process,
whichleads, viacation - radica intermediates, to pro-
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duceanintensity colored dimmer™,

Thetherapeutical and pharmacol ogical importance
of dibenzoazepine have prompted the devel opment of
severa methodsfor its determination including spec-
trochemical methods*-*4, highly performanceliquid
Chromatography (H.PL.C.)*>¢ gaschromatography
(GC.)21 Column Chromatography(C.C.)%, Elec-
trochemica methods?+%, Capillary zoned ectrophore-
sig?, Nevertheless, thelimit of sensitivity and there-
quired complex equipmentsare common disadvantages
of thesemethods. lon-pair extractive spectrophotom-
etry wasused inthe assay of pharmaceuticalsand dif-
ferent alkaloids™ dueto itssensitivity and selectivity.
Though, ion-pair extractive spectrophotometry has sev-
eral advantages, it has some difficultiesand inaccura-
ciesdueto incompl ete extraction or the formation of
emul sions between organic and aqueous phase. The
procedureinvolvedintheassaysistotaly cumbersome.
Few artides™ were published for theanaysisof phar-
maceutica compoundsthroughion-par formationwith-
out extraction and thereby overcoming all the problems
encountered in extractive spectrophotometry.

In the present work the use of bulky
sulphonphthalein dyesasanionic counter ionsfor the
formation of ion-pair complexeswhose absorbance can
be monitored up to extraction wasinvestigated. The
aim of present work wasthe devel opment of spectro-
photometric methodsfor determination of CPH inphar-
maceutical preparations. For thispurposewe studied
theformeation of ion-pairsbetween thestudied drug and
acid dyesand the possibility for their extraction and
determination inthisway. The proposed methodswere
demonstrated to be superior to thereported methods
with respect to speed, smplicity, sengitivity, and cost
effectiveness.

EXPERIMENTAL

Materialsand reagents

All chemicdswereandyticd-reagent grade(Merck,
Darmstadt, Germany) and were used without previous
purification. Theglasswarewaswashed with deionized
water and dried. Stock solution of CPH (seeFigure 1)
at aconcentration of 1000.0 ug mL* wasprepared by
dissolving an appropriate anount of drug (From Na-
tional Organization for Drug Control and Research
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Figurel: Chemical structureof CPH compound

(Egypt)) in doubly distilled water. Working standards
were prepared by appropriately diluting the above so-
lutionswith doubly distilled water. Bromophenol blue
(BPB), bromothymoal blue(BTB), bromocrysol purple
(BCP) and bromocrysol green (BCG) fromAldrich used
without further purification5x 10* M of acid dyeswere
prepared by dissolving the appropriate weightsinlittle
amount of acetone and continueto 100 mL of doubly
ditilled water. A seriesof buffer solution of pH 2.3-
5.2, NaOAc-HCI pH (1.99, 5.2) were prepared as
previoudy recommended®!. All experimentsweredone
at room temperature.

General procedures

Theexperimental conditionswere studied sepa-
rately by measuring the absorbance of thefina solution
resulting from the reaction mixtures containing afixed
concentration of CPH (100 ug ml'l) andvariousamounts
of thedyes(0.0to 2.0mL of 5x 10*M).

A seriessolutionscontaining 0.5 mL (100 ug mL™2)
from base CPH, 1 mL (5x 10 M) dyes, 1 mL buffer
solutionsof different pH valuesand 5mL CHCI, each
solution was compl eted to appropriate volume. The
content of each flask was mixed well for 2 min., and
thentheextracting aqueous|ayer wasmeasured against
blank solution. The absorbance of the extracted drugs
wasmeasured at itisi _ CPH solutions was mea-
sured at 406 nmwith BPB and BTB, 400 nmwith BCP
and 407 nmwith BCG

Theeffect of time of ion-pair complexesformed
with examined substancein pureformswasa so stud-
ied a varioustimeintervals.

To eva uatethe effect of reagent concentration the
drug concentration was kept constant whilereagent con-
centration wasregularly varied. The absorbancewas
measured at recommended wavelengths. The best re-
agent concentration chosen according to the highest ab-
sorbancevaue.

Samplepreparation
Thecontent of 20 tabletg? wasmixed thoroughly,
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and the average wei ght of each one was determined.
Anaccurately weighed of powder equivaent to 25mg
of CPH wastransferred into 100 mL volumetric flask
followed by addition of 40 mL of delonized water, the
solutionwas ultrasonicated for 5.0 min. to dissolveand
then diluted with deionized water to themark to obtain
solution of concentration 250 pg mL™. Dilute 15 mL of
filtrate to 100 mL with 0.1 M HCI and measured at
A

Suggested mechanism
Thestructure of the used drugsfeaturesitsbasic

max”
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natureand suggeststhe possibility of utilizingananionic
dye asachromogeni c reagent. Base does not absorb
inthevisibleregion and even thedyesemployed have
insignificant absorbance. No ion-pair complex was
formed when basewas reacted with either dye but the
baseformdid formingantaneoudy. Hence, thefirst step
istheconversion of thesalt toitsbaseforms. In order
to convert the hydrochlorideinto freebaseand for its
quantitativeextractioninto the organic solvent, aseries
of experimentswas performed. Theion-pairsformed
exhibit maximumabsorbanceat 2, asshowninFigure
2.
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Figure?2: Proposed mechanism of ther eaction between CPH-BCG
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RESULTSAND DISCUSSION

Effect of pH on theion-pair formation

Theeffect of thepH on buffer solutionswas exam-
ined intherange 2.3-5.2. Theresultsshowed that the
mogt efficient extraction of theion-pair wasobtained at
pH 2.4 in case of CPH with BCP, pH 4.2 with BTB,
pH =2.5with BCG and pH 3.9with BPB, asshownin
Figure 3. Furthermore, theamount of buffer added was
examined. Itisfoundthat 1.8 mL of BPB (5x 10* M),
1.5mL BCG (5x 10*M), 2mL BTB (5 x 10*) and
2.4mL (BCP(5x 104 M) in case of CPH.
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Figure3: Effect of thesample pH on the peak height absor -
banceof CPH (5.0mgL 1) with acid dyes(5x10“M)

Effect of time

Thetimerequired for completecolor devel opment
of ion—pairs formed between the drugs and acid dyes
wasinvestigated. Allowing the reaction reactantsto
stand and shaking for different timeintervals, it was
observed that 2.5 min were quite sufficient to obtain
maximum color intensity beforeextraction of ion pair of
CPH withBCG and BPB, 2 minfor BCPand 3 min
BTB asshowninFigure4. theformedion-pairswere
found to be stablefor morethan 12.0 h.

Effect of extracting solvent

The polarity of extracting solvent effectsboth ex-
traction efficiency and absorbance. Theresultsobtained
using different extracting sol vents (chloroform, carbon
tetrachloride, benzene, toluene, and xylene). By apply-
ingacid dyesreagent on clomipraminehydrochloridein-
dicatethat carbon tetrachl oride was the best solvent for

—o—BCP
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—-—BTB
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0.0 ehey
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Figure4 : Effect of shaking time on the absor bance of the

CPH with acid dyes(5x 10* M)
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Figure5: Effect of extracting solvent on theabsor bance of
the CPH with acid dyes(5x10“*M)
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Figure6: Continuousvariation using acid dyes(5x 10“M)
with CPH (5x 10*M)

extractionwith BPB, BCG whilechloroformwasthebest
for BTB and BCPasshownin Figure5. Thesolvent was
selected dueto higher sengitivity and cons derably lower
extraction of reagent itsdf. Completeextraction wasob-
tained by extractionwith 5 mL of solvent for onetime
withanorganic: aqueousphaseof 1:1ispracticaly 100%.

Effect of reagent concentration
When various concentrations of acid dyeswere

HAnalytical CHEMISTRY commmm
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added to fixed concentration of CPH, it was observed
that 2 mL of BPB, BCG, BTB (5 x 10 M) and 2.4
mL, BCP (5 x 10*M) was sufficient to produce maxi-
mum and reproduciblecolor intensity with drugs.

Molar ratioof ion pair complexes

Inorder toinvestigate the molar ratio of the com-
plexesformed between the CPH with acid dyesat the
selected conditions, themolar ratio asshownin Figure
6 and conti nuous variation methodsasshownin Figure
7 werecarried out. Theresultsindicated that the molar
ratio of thedrugto dyeswasfound to be (1:1) with all
ion-pairsformed. The shape of the curvesindicated
that the complexeswerelabile.
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Figure7: Molar ratiofor acid dyeswith CPH (5x 104 M)
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Figure 8 : Application of Beer’s law for CPH using the
optimum volumeof acid dyes (5x10%)

Analytical performance

After optimization of method thelinear working
rangesfor CPH concentrationswith BTB, BCB, BPB
and BCG upto 30, 10, 20 and 30 mg L%, respectively,
wereobtaned. Theandyticd curvesof CPHwith BCG
BPB, BCG and BTB were represented as A= 0.052
C + 0.001, A= 0.0618 C + 0.0205, A= 0.0565C +
0.002, A= 0.0677C + 0.0438, respectively, where A
was the absorbance and C was the concentration of
expressed in pg mL?, with acorrel ation coefficient of
0.996, 0.997, 0.995, 0.999, respectively asrepresented
inFigure8. TheR.S.D. was<1.0% (n=10).

Themean molar absorptivity, Sandllel’s sensitiv-
ity, detection and quantification limitswere calculated

TABLE 1: Optical characteristic and precision data of CPH ion-pair complexes

Method CPH

BCG BPB BCP BTB
PH 2.4 4.3 24 4.3
Amax nm 407 406 400 406
Molar absorptivity (L mol-1 cm-1) x 104 1.7118 2.105 1.954 2.386
Detection-limits ( pg mL-1) 0.3322 0.175 0.053 0.0443
Sandell sensitivity (ug cm—2) 0.01919 0.01618 0.0177 0.01477
SD 0.0058 0.0037 0.001 0.001
Correlation Coefficient (r2) 0.993 0.996 0.994 0.999
RSD (%) 0.553 0.93 0.302 0.206

from standard deviation of the absorbance measure-
ment obtained from Beer’s law and recorded in
TABLE 1.

Accuracy and precision

In order to determinethe accuracy and precision
of the proposed methods, sol utions containing three

different concentrationsof each drugwasprepared and
andyzedinsx replicates. Theandyticd resultsobtained
from theseinvestigationsweresummarized in TABLE
2. Thepercent standard deviationsand the percent range
of error at 95% confidencelevel werecalculated. The
results can be considered to be very satisfactory, at
least for thelevel of concentrationsexamined.

—— a%a['yttaa[’ CHEMISTRY
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TABLE 2: Accuracy of theproposed methodsfor CPH deter-
mination by add-found test

Drugs Reagent Taker!l Found_1 Recovery RSD? RE
pgml? pgmL®  (%6) (%) (%)

2 207 1035 0806 0.067

BCG 4 424 106 0224 0033

6 5.94 99 1553 0333

2 1.98 99 0806 0068

BPB 4 4.00 100 0459 0.066
Clomipramine 6 580 9823 0934 0207
-hdl 2 20 100 0609 0.057
BTB 4 40 100 0555 0.0991

6 5.9 99 0206 00577

2 192 962 0139 0.0333

BCP 4 40 100 05368 0.0667

6 58 9792 0302 00577

a: relative standard deviation for six determinations

TABLE 3: Determination of CPH initsphar maceutical dos-
age (Anfranil tablets) applying standar d addition technique

Drug Reagent TE;\L(gn, Recg)/;/ery, RO/SOD
BCG 25 102 0.1318

Anfranil BPB 25 99.04 0.192
(CPH) BTB 25 99.8 0.5853
BCP 25 100 0.3773

TABLE 4: Recovery of clomipraminehydrochloridein the
presence of excipientsand other substances

Foreign Substance Amount (mg) %esa\;%;y
Glucose 10 101.9
Lactose 10 102.1
Mannitol 10 101.8
Fructose 10 99.8
Magnesium sulphate 10 101.16
Starch 10 99.17

a:10000 ng mL* of CPH taken
Interference

To emphasisthefeasibility of themethod for phar-
maceutica andyss, theeffects of someco-existing spe-
ciesfound asmajor componentsinreal sampleswere
invedtigated. Organic substancesthat often accompany
CPH in pharmaceutical preparations and commonly
encountered pharmaceutical additivesand excipients
such asglucose, lactose, starch, glycine, fructose, am-
monium sulfamate and someinorganic saltswere ex-

amined. Thetolerancelevelswerefoundreatively high
(>500mg L) and corresponding recovery va ueswere
quantitative (97 — 105 %) as shown in TABLE 3. The
tolerancelimit was delined as the concentration of for-
eign substance which caused an error of +5% in the
recovery.

Applicationto pharmaceutical preparations

The proposed methodswere gpplied to analysis of
CPH pharmaceutical forms. Theresult compared sta-
tigtically with officia methodsasshownin TABLE 4.

CONCLUSIONS

Theresults obtained showed that the spectropho-
tometric monitoring of the reaction products between
clomipramine hydrochloridewith acid dyesisavau-
ableandytica strategy for the determination of thisan-
tidepressant drug in pure and pharmaceutical prepara-
tions. When extracted with appropriate solvent it al -
lowsthedevel opment of asmple, fast and easily meth-
odol ogy, which could be advantageoudy appliedinrou-
tineanayses. Thisassumptionisreinforced by thelim-
ited interference of the substances commonly used as
excipients. Moreover, it doesnot require any sample
pre-trestment which could noticeably improvethetime
required for theanalyss.
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