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ABSTRACT

Six spectrophotometric methods, A, B, C, D, E anfbi~the determination of Imipramine HCl have been
developed, validated and applied for the assayefdrug in pharmaceuticals. Methods A, B, C and®lmsed on
ion pair complexation of drug, in acidic buffersjtiwtriphenylmethane dyes viz., Bromothymol blu&BB
Bromophenol blue (BPB), Bromocresol green (BCG) Brmmocresol purple (BCP). The complexes are et¢rhc
into chloroform and absorbance is measured aroudd #m as a function of concentration of the druge T
stoichiometry of each of the complex is found He 1IMethod E depends upon charge transfer comptaxatf
neutralized drug with iodine which produces iodida whose absorbance at 366 nm is measured asidanof
concentration of the drug. This complex, too, hds domposition as determined by Job’s method. bteth is
developed on the basis of oxidation of the dru@ aikaline KMnQ which generates green colored manganate ion
with imax 610 nm. As the intensity of green color incedasith increasing time, kinetics of the reactisridllowed
and calibration curves are constructed by usingiahirate and fixed time methods. Excellent recgwv&udies with
high accuracy and precision indicate that the mdthoan be successfully used in industries for #sayaof drug in
pure and pharmaceutical forms.

Key words: Spectrophotometry, Imipramine HCI, Bromothymol hligromophenol blue, Bromocresol purple,
Bromocresol green, lodine, Alkaline KMpO

INTRODUCTION

Imipramine HCI (IMP) is a dibenzazepine derivatofericyclic antidepressant that acts by blockihg reuptake of
norepinephrine and seratonin and thus making mbtieose substances available to act on receptoosairfi.[1] It

is chemically, (10, 11-Dihydro-N, N-dimethyl)-5H#&#nz [b,f] azepine-5-propanamine hydrochloride)e Thug

has been determined by a variety of analyticalrigghes such as spectrophotometry [2-11], spectyafhetry [12],

atomic absorption spectrophotometry [13], conduetizn[14] and flow injection methods [15, 16] .Hoves, many
of these assay methods are limited in their aptpdioa or rather tedious and time consuming. Theeefoseems
necessary to develop a simple and sensitive mdtrdde determination of imipramine HCI .

In the present communication we report six quardifon methodwiz., A, B, C.D, E and F which have been
developed and validated for quantification of Inaimiine HCI both in pure and pharmaceutical forms.
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MATERIALS AND METHODS

Instruments

The spectra were recorded on SHIMADZU 140 doubl@nheThermo Nicolet 1000 and also on ELICO 159 UV-
Visible single beam spectrophotometers using quaaiiz of 10 mm path length. An Elico model Li-1g8 meter
was used fopH measurement.

Materials

HPLC grade chloroform and Analytical grade (AR) K®WHCI, Sodium acetate, Sodium hydroxide and dyes
a) BTB b) BPB c) BCG d) BCP are supplied by SdeRthemicals, Mumbai were used in the studgline (BDH,
Poole, UK) was twice sublimed and preserved in uatdesiccators (mp 113.6°63. lodine in 1, 2 dichloroethane
(DCE) was freshly prepared (daily) by dissolvingt@fy solute in 50ml of solvent (4.0x30 ). The Imipramine
HCI was procured from HETERO drugs private limitelyderabad, as gift sample.

Methods A, B, C and D

The methods A, B, C and D are based on the inieraof the drug with Bromothymol blue (BTB), Bromugnol
blue (BPB) Bromocresol green (BCG) and Bromocrgsople (BCP) respectively, to form chloroform extable
ion pair complexes (Scheme 1) which absorb arouriidn (Fig 1) The absorbance of this band increasts
increasing the concentration of the drug and formdxhsis for the quantification of the drug. Thestyffs were
used as 0.025% solutions in doubly distilled waBadium acetate-hydrochloric acid buffersbf 2.8, 2.5, 3.5 and
2.5 were prepared by mixing 50ml of 1.0M sodiumtaieesolution with 49.50 ml, 50.50ml, 46.25m| argd5® ml
of 1.0 M HCI solution respectively and diluted t62ml with doubly distilled water. ThgH of each solution was
adjusted to an appropriate value with the aid piflaneter.

i _

R, R;
BOVed
Br = Br

H3C\N R, R,

N SO3
H

N CHs 1 L _

Bromothymol blue : R1 = isopropyl, R2 =CH3
Bromophenol blue : R1=Br, R2=H
Bromocresol purple: R1=.CH3, R2=H
Bromocresol green:R1=Br, R2 = CH3

Scheme -1 Imipramine HCI - dye complex
Method E
The method depends up on the interaction of druly leidine that generates iodide ion having an giigor band at
366 nm. (Fig 2) The absorbance of this band ine®agth increasing the concentration of the drug fammed a
basis for the quantification of the drug. Mixingetsolution of iodine prepared in DCE with IMP reedlin a
change of violet color of iodine into light browm pale yellow , and as a consequence, absorptieetrspexhibited
a band of 366nm. This is attributed due 40 ibn formed by the interaction of iodine with drugsd the same is
shown in (Scheme 2).
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Fig. 1 Absorption spectra ofImipramine HCI- BPB ion-pair complex

D+12 —~—— DI2(Outer complex) fast ...... 1
DI2 (Outer complex) ~——— (DI+) I- (inner complex ) slow............. 2
(DI+) |- (inner complex ) + 12 ~————— (DI¥) +I3- fast .....coooeeneen. 3
Scheme 2
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Fig. 2 Absorption spectra ofImipramine HCI — iodine ion-pair complex

Method F
The method depends on the oxidation of the drul alitaline KMn¢, (1x10? M) to produce Manganate ion whi
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absorbs at 610 nm (Fig 3nd formed a basis for quantification of drug. Auson of 0.45M NaOH is used 1
produce required alkalinity. Mixing the solutionsmermanganate and the drug slowly developed geetur anc
hence kinetics of the reaction was followed spgttodomerically with a view to develop a method for t
guantitative determination of the drug. The initiale and fixed time methods are followed for teéedmination o
IMP.
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Fig. 3 Absorption spectrum of imipramine HCI with alkaline KMnO,

Calibration curves for method 8, Cand D

Different aliquots of drug solution were transferiato 125 ml separating funnel. To thiml of buffer, 5 ml of dye
were added and total volume was made up to 20 thl water. 10 ml of chloroform was added and thetexats
were shaken for 5 min. The two layers were allowedeparate for 5 min. The organic layer was sépéranc
absorbancefoyellow colored solution which is stable at lest3 hrs is measured at 415 nm against blank aityi
prepared. The same procedure of analysis is followither for assay of pure drug or for dosage fofine
calibration graphs are linear for all tdyes analysed using these methods.(Fig 4)

Calibration curve for method E

Into separate 10ml of volumetric flasksferent aliquots of IMPsolution was transferred followed by the addit
of 1ml of iodine solution prepared it, 2-dichloroethane (4.0x0M ). The volume was completed using the s:
solvent and the absorbance was measured agaigsntddank at 366n.

(Table 1) summarizes the values for Beer's law limits, mo#dosorptivity, regression equation, correlal
coefficients, relative standadi#viation and recoverie

Calibration curve for method F

Initial rate method

Aliquots of 1 to 8 ml of Imipramine HCI solution eining 2.5 mg m™ of drug were pipetted into a series of
ml standard flasks. To each flask, 1.0 ml of 0.45\KIOH and 1 ml of 1.10°M potassium permanganate w
added successively and then dilt with distilled water at 25 %10C. The contents oach flask were mixed we
and the increase in absorbance as a function ef Wwas measured at 610 nm. The initial rate of ¢gaetion () at
different concentrations was evaluated by measuttiegsloje of the tangent to the absorbe-time plot. The
calibration graphs were obtained by plotting thitidhrate of reactiony) versus the molar concentration of
Imipramine HCI

Fixed time method
A fixed time of 25 min was selected for the fix@me method. At this time the absorbance of reaatiaxture was
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measured at 610 nm against a reagent blank prepanddrly without the drug.

The calibration curve was obtained by plotting &hsorbance against the initial concentration optarnine HCI
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Fig. 4 Calibration curves
Table 1Optical and analytical parameters of the methods
Y= aX +b, Where X is the concentrationigmL™
Parameters BTB BPB BCP BCG ) KMnO4
Amax (NM) 415 415 415 415 366 610
Beer’s law limit @g mL™) 2.5-25 3.0-25 2.5-25 25-25 2.0-25 3.0 -25
Sandell sensitivityy(g cm?) 0.0145 0.0159 0.0142 0.0136 0.0141 0.033
Molar absorbvity (Lmot crm
D) 19335.30 17553.90 20497.13  19901.70 20501.5 5@30
Formation constant, K, M 2.31x 16 1.37x16 405x16 2.37x16 3.15x16 2.61x16
Slope (specific absorptivity),
b 0.0689 0.0626 0.0709 0.0731 0.0710 0.0298
Intercept (a) 0.0004 0.1750 -0.0250 -0.0400 0.0107 0.1750
Correlation coefficient ( 0.997¢ 0.996¢ 0.9971 0.998: 0.998° 0.999(
Standard deviation of
intercepts (% n=6) 0.0023 0.0203 0.0156 0.0199 amo5 0.0100
Limit of detectionugmL™* 1.08 1.05 0.72 0.90 2.30 1.13
Limit of  quantification,
pgmL? 3.24 3.15 217 2.60 6.90 3.39
Y= Y= Y= Y= Y= Y=
.0689*X+0.000 0.0626*X+0.17 0.0709*X  0.0731*X+0.04 0.0298*X+0.175 0.0298*X+0.175
Regression equation 4 5 -0.025 3 0 0

Procedure for the assay of pure drug
Four different solutions of pure drug in the ramdecalibration curve were selected and the recoesperiments
were performed. The recoveries and their relati@adard deviation is tabulated in (Table 2).

275
www.scholarsresearchlibrary.com



K. Susmithaet al

Der Pharma Chemica, 2013, 5 (3):271-279

Table 2. Precision and accuracy studies of proposedethods for the determination of IMP in pure form

IMP

BTB BPB BCG BCP 2 KMnO 4
Taken(ugmL™) 5.00 5.00 5.00 5.00 5.00 5.00
7.50 7.50 7.50 7.50 7.50 7.50
10.0¢ 10.0C 10.0( 10.0¢ 10.0C 10.0(
12.50 12.50 12.50 12.50 12.50 12.50
15.00 15.00 15.00 15.00 15.00 15.00
Found (ugmL™) 5.10 5.09 5.20 5.15 5.20 4.99
7.75 7.45 7.68 7.57 7.55 7.45
10.20 10.15 10.25 10.18 9.98 10.05
12.56 12.60 12.67 12.59 12.60 12.59
15.10 15.20 15.25 15.10 14.98 15.07
Recovery( %) 102.00 101.80 104.00 103.00 104.00 99.80
103.33 99.33 102.40 100.93 100.67 99.33
102.00 101.50 101.80 101.80 99.80 100.50
100.48 100.80 101.36 100.72 100.80 100.72
100.67 101.33 101.60 100.67 99.87 100.47
Mean 101.60 100.94 102.20 101.50 101.03 100.16
RSD(%) 0.8¢€ 0.67 0.9% 0.6¢ 1.71 0.5¢
SD 0.85 0.68 0.93 0.67 1.72 0.58
Referance method, Meart SD (2) 101.1+0.51 101.1+0.51 101.1+051 101.1+0.5101.1+051 101.1+0.51
t-test(2.3534)* 1.12 0.42 2.30 1.06 0.09 2.72
F-test(5.05)* 2.77 1.77 3.30 1.72 2.96 0.34

Each result is the average of five separate deteatiuns. *Values between paranthesis are the tabdlaand F values respectively, at p=0.05
[17]

Procedure for the assay of dosage forms

Five tablets of antidep 25mg are powdered and Wisddn doubly distilled water and stirred thorougHiltered

through a Whatman No. 42 filter paper. This solutiwas transferred into 100 ml standard volumetask and
diluted with doubly distilled water as required.fflérent solutions of drug in the range of calibwaticurve were
chosen and the assay was estimated using the atidibrcurve. The results of the recovery experimesrte

tabulated in (Table 3).

Table 3 Application of proposed methods for the detrmination of IMP in pharmaceutical preparation

IMP BTB BPB BCG BCP I KMnO 4
Taken(ugmL™) 4.00 4.00 4.00 4.00 4.00 4.00
Antidep (25mg/Tablet) 8.00 8.00 8.00 8.00 8.00 8.00
12.00 12.00 12.00 12.00 12.00 12.00
16.00 16.00 16.00 16.00 16.00 16.00
20.00 20.00 20.00 20.00 20.00 20.00
Found (ugmL™) 4.09 4.10 4.11 4.13 3.98 4.05
8.11 8.1( 8.17 8.1¢ 7.9t 8.0¢
12.07 12.10 12.13 12.06 11.79 12.04
16.30 16.10 16.18 16.08 15.99 15.95
20.0¢ 20.2( 20.5( 20.1( 20.07 19.9(
Recovery( %) 102.25 102.50 102.50 103.25 99.50 101.25
101.37 101.25 102.12 102.25 99.38 101.13
100.58 100.80 101.00 101.50 98.25 100.33
101.87 100.62 101.12 100.50 99.94 99.69
100.50 101.00 100.25 100.50 100.05 99.50
Mean 100.31 101.23 101.43 101.40 99.42 100.38
SD 0.55 0.53 0.69 0.88 0.71 0.80
RSD(%) 0.56 0.54 0.69 0.89 0.72 0.81
Referance method,mean+SD(2) 101.1+0.51 101.1+051 101.1+0.51 101.1+0.5101.1+0.51 101.1+0.51
t-test(2.3534) 2.3C 0.3¢ 0.8¢ 0.7z 2.2t 1.6¢
F-test(5.05)* 1.16 1.07 1.83 2.90 0.54 0.66

Each result is the average of five separate deteatiuns. *Values between paranthesis are the tabdlaand F values respectively, at
p=0.05[17]
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RESULTS AND DISCUSSION

Methods A, B, C and D

IMP forms ion-pair complexes in acidic buffer witlyestuffsviz., BTB, BPB, BCG and BCP. These complexes are
guantitatively extracted into chloroform. lon-paomplexes of drug with dyes absorbed maxiyral415 nm
(Fig 1). The reagent blank under similar conditishewed no absorption. IMP contains two tertiatyagien atoms,
one with in the ring system and other in the sidairt.

Hence we propose the protonation of side chainabointy tertiary nitrogen in acidic medium, whildghwonic acid
group is present in any of the dyes that is thg grdup undergoing dissociation in tpid range 1-5.

The colour of such dyes is due to the opening ofold ring and subsequent formation of quinoid groli is
supposed that the two tautomers are present idilguin but due to strong acidic nature of the $wlpic acid
group, the quinoid body must predominate. Findilg protonated IMP forms ion-pairs with the dyeswfich is
guantitatively extracted into chloroform.

Stoichiometry

In order to establish molar ratio between IMP apestuffs used, the Job’s method of continuous tiaridnas been
applied [18]. In this method, solutions of drug ahgstuff with identical molar concentrations &0°M] were
mixed in varying volume ratios in such a way tha total volume of each mixture was the same. atfsorbance
of each solution was measured and plotted agdnestriole fraction of the drug, [drug]/[drug]+[dye8fu This
measurement showed that 1:1 complex was formed.

The Job’s method of stoichiometry is also appli@dlédine with IMP which indicated the charge trf@nomplex
formed is of 1:1 composition (Fig 5).
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Figure 5 Jobs Continuous variation plots

The stoichiometric ratio between Imipramine HCl apdtassium permanganate was evaluated by limiting
logarithmic method [19].In this method two setsegperiments were performed. In the first set theceatration of
IMP was varied keeping a constant concentratiokMhO,, while in the second set, the concentration of NH3
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kept constant and the KMn@oncentration was varied. Log absorbance versyu§lldP] or [KMnO,] was plotted
to evaluate the slopes of the respective lines.sltyge was found to be unity in each case thugdatitig the molar
combining ratio of 1.1 between Imipramine HC| anotgssium permanganate. The literature survey revbak
Imipramine HCI undergoes oxidation at N,N-Dimetimrogen and gives rise to N,N-Dimethyl nitrogenokide

[20].(Fig 6)
! O KMnO4 ! O
—_—
NaOH
HaCo H3C

N

| T\ o)

CHg3 CH4

Figure 6 oxidation of IMP by alkaline KMnO4

Formation constants

The formation constant was also estimated fromsJplwt by following method described by Likussa &uitz [21]

and Momoki etal [22].The method involves drawing tAngents at the origin of Job’s plot from bottesand the
absorbance at intersection point is taken for 1@@¥plexation. The absorbance at peak height ofsJplot is
taken for (100-x)% where X is the % degree of diggmn of the complex.

The instability constant, K’ = Cx/(100x) is calctéd, where C is concentration of drug used for dJaotéethod. The
reciprocal of K’ is the required stability constadht

Formation constant for method E
Formation constant (K) has been evaluated by UBergsi-Hildebrand equation [23]

[ AdJ/d = IK[Dgle + 1/e

Where d is absorbance, e is molar absorptivityadd 0y are initial concentrations of acceptof] [ind donor[drug]
respectively. A plot of [fl/d Vs 1/[Dy] yields a straight line whose slope and interggyes the value of K.

Optimization of the factors affecting the absorbanc

The factors effecting the absorbance of ion pamplexes likepH and volume of the dye, in methods A, B, C and
D, have been optimized. 1.8 ml of BTB and buffergii 2.8, 1.6 ml of BPB and buffer gH 2.5, 2.0 ml of BCG
and buffer ofpH 3.5 and 1.7 ml of BCP and buffer pH 2.5 are found to optimal for methods A.B,C and D
respectively. However 5 ml of each dye is usedypimal pH, in the study to ensure complete extraction ef th
drug. Similarly the 1 ml of iodine for method E ahanl of KMnQ,, 1 ml of 0.45 NaOH are found to be optimal and
hence are used in the study.

Validation of the proposed methods

The proposed method have been validated in terngsiideline proposed by ICH [24jz., selectivity, specificity,
accuracy, precision, limits of calibration curvéD, LOQ, robustness, ruggedness and regressioti@uu@o test
the reproducibility of the proposed methods, siglicate determinations of 10.0pg ml of IMP were madhe
coefficient of variation was found to be less tHaP% for all the procedures. The student t-test\arthnce F-test
have been performed (Table 2, 3) in comparison witbference method.

The proposed methods have been successfully applitet determination of IMP in pharmaceutical prgpions.

278
www.scholarsresearchlibrary.com



K. Susmithaet al Der Pharma Chemica, 2013, 5 (3):271-279

The results obtained and shown in (Table 1) werepased to those obtained by a reference methoby2heans
of t-test at 95% confidence level. In all cases, theraye results obtained by proposed methods andenefe
method were statistically identical, as the differe between the average values had no significahc@%
confidence level.

The proposed methods are simple, sensitive anddapible and can be used for routine analysis d? i pure
form and in formulation.
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