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Abstract

A semiautomatic extraction-fluorimetric method for the determination of tricyclic antidepressant drugs (TCAs) based in the formation
of ion pairs with 9,10-dimethoxyanthracene-2-sulphonate (DMAS) has been developed. The aqueous solutions of the TCAs (imipramine
desipramine, amitriptyline, nortriptyline, clomipramine or doxepine) are injected into a carrier composed by DMAS in an acid medium
and the ion pair formed is extracted into dichloromethane where the fluorescence is measured. An experimental design (Central Composi
Design) together with the Response Surface Methodology has been used to find the optimal instrumental FIA and chemical variables. W
have considered as the response function the product of the peak height by the sampling frequency. The calibration curves were linear ov
the working range (0.25-3.00 mgt). The limits of detection were lower than 0.30 mg'L The method has been satisfactorily applied to
the determination of imipramine, amitriptyline, clomipramine and doxepin in pharmaceutical preparations.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction Avariety of techniques have been used to determine TCAs
in diverse biological fluids and pharmaceuticals, including
The tricyclic antidepressants (TCAs) are one of the radioimmunoassay, gas chromatography, liquid chromatog-
largest groups of drugs for the treatment of psychiatric raphy (LC), capillary electrophoresis, spectrofluorimetry,
disorders such as depression, mainly endogenous majoispectrophotometry, chemiluminiscence, titrations, etc.
depressioril]. For this group of drugs, distinct ranges of [2-9].
optimum plasma concentration for therapy are required Some of the TCAs are not fluorescent and different
(100-30Qug L~ for the most of the TCAs). At high con-  reagents have been used for their derivatization. Reactions
centrations, severe adverse effects and toxicity can appearwith oxidants[8], methyl orangg10], erythrosine B[11],
Therefore, the analysis of these compounds is important OPA (o-phthalaldehyde) and NAQ\{acetylcysteine)13],
for obtaining optimum therapeutic concentrations and for etc., have been used. Subsequent extraction in an organic
quality assurance in pharmaceutical preparations. solvent improves both sensitivity and selectivity of the
methods. Conventional batch solvent extraction process is
a tedious and time-consuming procedure, and many efforts

x ing author. Tel.: +34 924289671; fax: +34 924289375, ; . :
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In this paper we investigate the formation and extraction acid. These solutions were kept refrigerated and in the
of the ion pairs formed between TCAs (dialkyl and trialky- dark, and working solutions of lower concentrations
lamines) with the fluorophore 9,10-dimethoxyanthracene-2- were freshly prepared by appropriate dilution. Sodium
sulfonate (DMAS), in order to develop a sensitive and auto- 9,10-dimethoxyantracene sulfonate was supplied by Fluka
matic fluorimetric method for the determination of six TCAs (Fluka, Riedel-de Hén, Germany). All reagents were of
in pharmaceuticals. In the bibliography, papers referred to analytical-reagent grade or better.

FIA procedures for the analysis of TCAs describe methods
to determine, separately, three or less of ttj&r8,10-15]. 2.3. Pharmaceuticals

The DMAS have been yet used as counter-ion in
analysis[16,17]. It presents native fluorescence and forms  Tofranil (per tablet: 50 mg of imipramine hydrochloride,
hydrophobic ion pairs with amines extractable in organic lactose and exc.)lofranil Pamoato(per capsule: 75mg of
solvents. Westerlund and Bof@6] studied the extraction imipramine pamoate and excAnafranil (per tablet;: 25 mg
of the ion pair formed between DMAS and the amitripty- of clomipramine hydrochloride, lactose and exc.) from Nor-
line and protriptyline allowing quantitative extraction vatis Farmaeutica, SA;Nobritol (per capsule: 12.5mg of
in dichloromethane. The TCAs studied here have been: amitriptyline hydrochloride, 5 mg of medazepam, lactose and
imipramine (IM), amitriptyline (AM), doxepin (DO) (as exc.) from Kern Pharma, SUyutabase(per tablet: 10 mg
tertiary amines) and desipramine (DE), nortriptyline (NO) of amitriptyline hydrochloride, 2mg of perphenazine and
and clomipramine (CLO) (as secondary amines). exc.) from Schering Plough, SAryptizol(per tablet: 25 mg

Chemometrics have been shown to be successful forof amitriptyline hydrochloride and exc.) from Laboratorios
the optimisation of variables in flow-injection procedures Neurogard, SA an&inequar(per capsule: 25 mg of doxepin
[12,13,18,19]. In the development of this FI system we have hydrochloride and exc.) from Farma Sierra, were acquired in
used experimental design approaches (fractional factorial de-a local pharmacy.
sign and central composite design) and the response surface In all cases, the treatment of the sample was the same,
analysis methodology to elucidate the manner in which the FI namely: 20 tablets (or the content of 20 capsules) were exactly

and chemical variables affect the response fund2on?1]. weighed and grounded to fine powder. Accurately weighted
For the latter, we have considered separately the peak heightliquots were transferred to volumetric flasks, and dissolved
and the sampling rate or a simple combination of both. in purified water (except for imipramine pamoate that was

dissolved in 1M HCI) by sonicating for about 30 min and
diluting to the mark. A portion of the solutions were filtered

2. Experimental and used to prepare other diluted solutions in water (except
for imipramine pamoate that was in 0.5 M HCI). The results,

2.1. Instrumentation and software expressed as mg of drug per tablet or capsule, are shown in
Table 6.

Fluorescence measurements were made on a SLM
Aminco-Bowman, Series 2, spectrofluorimeter, equipped 2.4. Manifold and procedure for the analysis of TCAs
with a 150 W continuous Xenon lamp, and with an Hellma
176.752QS (Z: 8.5mm; light path 1.5mm) flow through The manifold used in this work is shown Fig. 1. A
compact cell. The spectrofluorimeter was interfaced by a two channel-configuration incorporating a pump each one
GPIB card and driver with a Pentium PC microcomputer. of them was used. Each pump incorporates Tygon tubes to
Data acquisition and data analysis were performed by theimpel aqueous solutions and the flow of organic solvent (line
use of AB2 software, Version 5.00, running under Windows 2) occurs by displacement in a glass bottle containing water
98. The excitation and emission slits were 4 nm for both. (upper liquid) and the organic solvent (lower liquid). All the
Two Gilson Minipuls3 peristaltic pumps, an Omnifit connections as well as the coil were made of PTFE (0.5 mm
six-way manual injection valve and a homemade phasei.d.) tubings.
separator of solid Teflon (containing a PTFE hydrophobic ~ The sample (aqueous solutions containing between 0.2

membrane with a 0.am pore size) were also used. and 3.0ug mL~ of the TCA to be analysed) was injected (1)
The software package THE UNSCRAMBLERS.11,. into a carrier consisting in 2.9 1074 M of DMAS in 0.2M
CAMO ASA, running under Windows XP, was used for the HCI (line 1), to acquire positive charge and to form the ion
application of chemometrics. pair in the reaction coil. After that, the carrier merged with
the organic stream of the line 2 (dichloromethane) and the
2.2. Reagents mixture passed through the extraction coibRvhere the

extraction of the ion pair takes place. After crossing the phase
The TCAs hydrochlorides>98%) were obtained from  separator (PS), the organic stream arrived to the detector. The
Sigma (St. Louis, MO, USA) and standard solutions of fluorescence signal was obtained at 265 nm with an excitation
100pg mL~1 of these compounds were prepared by disso- slit of 4 nm, and measured at 448 nm with an emission slit of
Iving the appropriate amounts in water or in hydrochloric 4 nm.
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Fig. 1. Schematic diagram of the proposed flow-injection method. CS: carrier solution; W: water; I: injection valve; PP: peristaltid¢ ploopsY: PTFE
“Y” connector;R;: reaction coil;Ry: extraction coil; PS: phase separatQi; aqueous flow rate,: organic flow rate; D: fluorimetric detector; OS: organic
solvent.

3. Results and discussion pair and the DMAS, present the same excitation (265 and
381 nm) and emission (448 nm) wavelengths. The spectra
Some preliminary studies about the reaction between of the ion pairs formed by the other TCAs (CLO, DO, NO,
the TCAs and the reagent DMAS were realized, in batch IM and DE) show the same shape, but different intensity
conditions. From the studies of Westerlund and B{rg] of emitted fluorescence. Actually, CLO and DO present the
and selecting one of the antidepressant, the amitriptyline, highest intensity of fluorescence for the same concentration.
we checked the optimal conditions for the formation of the On the other hand, imipramine and desipramine possess a
ion pair and its extraction. It was found that the formation weakly native fluorescencedg:. =270 nm and.e;; =405 nm)
of the ion pair is favoured in strongly acid medium and does in basic media, but their fluorescence strongly increases when
not occur at pH values higher than 6 & amitriptyline the ion pair is formed.
9.42). A rate of concentration between the DMAS and the  For the optimisation of the FI system, the FI parameters
antidepressant of almost 10 times, and dichloromethane asand the chemical variables were investigated separately. This
solvent, were found to be the more convenient conditions. approach was chosen because a combined evaluation of both
Thus, the formation and extraction of the ion pair was the FI and chemical parameters creates a complex situation
rapid (shaking time from 0.5 to 3 min did not produce any generating a too large number of factors.
change in the fluorescence intensity) and reproducible and On the other hand, since the objective of the optimisation
the differences between the fluorescence of the ion pair andis to find conditions where the response is best (maximal or
reagent coextracted were maxima.Hig. 2, the excitation minimal), it was necessary to define the response to consider.
and emission spectra of the ion pair and the DMAS, after In Fl, one of these criteria could be the residence time which
the extraction in dichloromethane are shown. Both, the ion should be minimized so that the number of samples to be
examined in a given time (sampling rate, SR) is increased.
Also, the peak height (H) for a given concentration of sample
should be maximized. These two criteriawe used in this work.
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3.1. Optimization of Fl variables

From the Fl system, several parameters must be examined
(Fig. 1) such as the length of the reaction codBnd the ex-
traction coil (R), the flow of the carrier solution () and the
organic solvent (@), and the loop size (L). Given the great
number of variables to optimize (five variables) a preliminary
screening was made, to eliminate those which less influence
the fluorimetric signal. With this purpose a fractional facto-

300 400 500 rial design which implies a total of 18 experiments was used,

WAVELENGTH (nm) and the peak height (response function I) and the sampling
Fig. 2. Excitation (mi=448nm) and emission gic= 265 nm) spectra of rate,_number of peaks in an hou'j (response function I1), were
DMAS (----- ) and ionpair AM-DMAS (—) extracted in dichloromethane. ~ Obtained. The effect of each variable (as percentage), and of
Initial aqueous concentrations: 5510~% M DMAS and 5.5x 10~7 M AM. the interactions between them, over both response functions
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was evaluated. It was found that the length of the reaction coil Table 1 _
(Ry) had a negative effect, as it could be expected since theOptimization of the Fi variables

reactions are very fast, and the increas@obnly producesa  Experiment3 R (cm) Q2 (mLmin~1) L (cm)
greater dispersion of the sample pl@j, Q2, and als®1/Q> 1 Cent-c 163 2.45 113
had positive effects over both response functions, being less 2 Cube006a 245 135 165
important the effect oB;. In consequence we opted for fix- 3 H: A-a 300 245 113
ing the value of this variable at 1.3 mL mih. Lower values gzgggggz ng ;gg gi
cause a decrease of repeatability, and greater values imply ag *L: Aa 5 245 113
high consumption of the very expensive reagent. The other 7 *L:C-a 163 2.45 25
variable examined,, had an important positive effect over 8 Cube001a 81 135 61
the peak height, and a negative effect over sampling rate. H: C-a 163 245 200
From these results it was dediced to eliminate the reaction , *CHe:”Et;'_z 116633 32.'3‘1)5 ﬂg
coil (Ry=0cm) and the three variables optimized weRg: 12 Cube008a 245 292 165
or Rfrom now on, length of the reaction cofy, flow of the 13 *L:B-a 163 0.70 113
organic solvent measured at the end of link,2ength of the 14 Cube007a 81 2.92 165
loop. A central composite design was used with the aim of 1° Cube004a 245 2.92 61
calculating simultaneously the effect of the changes in each i? (c:;ﬁte_g%a 16831 214355 iig

one of them and their possible interactions. Five levels were
fixed for each variable. There are also three central samples, "~

. . . . ) point in the model.
_g'\”ng rise to a total of 17 eXpe”m'e'j‘tS _(Table 1). Th'§ design " a The experiments are numbered according the randomized sequence
is rotatable and therefore the precision in the calculation of the followed.
response is uniform over the whole experimental field. From
the shape of the excitation and emission spectra of the ion.

pairs, the fiagrams could be obtained selecting in the detector”> assumed. We found that the best statistical parameters for

two different wavelengths pairs, 265/448 or 380/448 nm. The thg Opt'.m'fﬁd n][_od;zl t\vxlere ?rt:tameclj( ;’]V't.h hTFlt,j \é\(]h'Ch (_:é)m-
first of them offers greater sensitivity but the stability of the claeswi e ratiobetween the peak heightandine residence

. . . time, and therefore is greater for the higher and more narrow
fluorescence signal is poor, probably due to photodegradanonpeaks: The ANOVA for the RF1 is ifiable 2. On the other

of the compounds. However, repeatability of the FI signals is . . . -
: : hand itis proven that the considered effects contribute signifi-
very good even at 265/448 nm. In consequence this pair has antly to tﬁe model except the main effGavhose linear cor?—
I . Peak heigh li i o s . !
peen selected ‘caxnelg t and sampling rate were Combm?(gnbunon is not significant for the established 95% confidence
in order to be optimised in different response functions (RFs): level. Also the interactioh—L is significantFig. 3shows the

response surfaces estimated by the model, for each pair of

Experiments resulting of a central composite desigrEkperiment is a star

RF1= H x SR, RF2=H + SR components. In these diagrams, it can be appreciated the vari-
ations in the response function when only the two specified
whereH is the peak height and SR the sampling rate. factors are considered. In these surfaces the maximum value

The optimization of the models was made with THE UN- of response function is located at the following values of the
SCRAMBLER software packad@2], and making the corre-  variablesR=225 cm;Q, = 1.4 mL mirr%; L = 150 cm. Other
sponding ANOVA, in which a second grade quadratic model way to visualize the results of the optimization is the Pareto

Table 2

Optimization of FI variable

Effect Sum of squares d.fa Mean square F-ratio P-valud
R 6.672E+06 1 6.672E+06 3.082 0.1226
Q2 6.810E+07 1 6.810E+07 31.452 0.0008
L 8.180E+07 1 8.180E+07 37.777 0.0005
R-Q 6.029E+06 1 6.029E+06 2.705 0.1391
R-L 2.002E+06 1 2.002E+06 0.925 0.3683
QL 5.624E+06 1 5.624E+06 2.598 0.1511
R-R 2.061E+07 1 2.061E+07 9.521 0.0177
Q—Q 2.446E+07 1 2.446E+07 11.296 0.0121
L-L 7.530E+07 1 7.530E+07 34.775 0.0006
Total error 1.516E+07 7 2.165E+06

Total (corrected) 2.430E+08 16

Results from ANOVA of effects contributing to the model (by response surface methoddRgigdjusted for d.f.) = 0.938; model check quadratic = 0.0097
(<0.05); lack-of-fit=0.5756 (>0.05).

2 Degrees of freedom.

b The effect is declared significantf< 0.05.
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Fig. 3. Estimated response surfaces for each pair of FI variable®x(AB) Q>; (C) L.
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Table 3
Optimization of the chemical variables
Experiment8 [HCI] (M) [NaCl] (M) [DMAS] (M)
1 Cube004a 0.39 0.39 1.59x 104
2 Cube005a 0.11 0.11 5.30x 10~4
3 “L:B-a 0.25 0.01 3.45% 1074
4 Cube006a 0.39 0.11 5.30x 10~*
5 Cube008a 0.39 0.39 5.30x 104
6 “H: C-a 0.25 0.25 6.60x 10~*
7 Cube002a 0.39 0.11 1.59% 104
8 ‘L A-a 0.01 0.25 3.45x 10
9 Cube003a 0.11 0.39 1.59x 104
10 “H: A-a 0.49 0.25 3.45x 104
11 Cent-b 0.25 0.25 3.45x 104
12 “H:B-a 0.25 0.49 3.45x 10
13 Cent-c 0.25 0.25 3.45x 104
14 Cube00la 0.11 0.11 1.59x 104
Fig. 4. Pareto diagram for visualizing the results of the optimization of the 15 *L:C-a 0.25 0.25 0.33x 107*
FI variables. Optimal points are connected for the situation in which peak 16 Cent-a 0.25 0.25 3.45% 10~*
height and sampling rate are considered optimal. The arrow indicates the 17 Cube007a 0.11 0.39 5.30x 10~4

best compromise. Experiments resulting of a central composite desigrEperiment is a star

point in the model.
approach23,24]in which an experiment is said to be Pareto @ The experiments are numbered according the randomized sequence fol-
optimal if there is no other experiment which has better result '©ved:
for one criterion without having a worst result for another. For
two criteria this method can be visualized plotting the results /4 that it was more convenient to use hydrochloric acid
of both criteria (in our case response function |, peak height, 1, 4 4jyst the acidity than other acids such as perchloric acid.
and response function Il, sampling rate) for the experiments |, i hresence of the latter the fluorescence signals obtained

of the design, with the two criteria as coordinates (Fig. 4). \ere Jower, probably due to the competition of perchlorate
The experiments 13, 2, and 12 situated at the border of thejg, yith the derivatising fluorescent anion to form ion pairs

cloud of points, can be connected with a line, and they dom- 1, the cationic analytes. Therefore, it was decided to
inate all the other experiments below them. The user usually iz the hydrochloric acid concentration [HCI] in the
decides which experiment among the points along this line .5 rier The other chemical variables optimized were the
will offer the best compromise. In our case, experiment 2'was concentration of derivatising agent [DMAS], and the ionic
sel(icted. The_coEdltlons corresponding o itBre245 cm; strength, varied with the addition of sodium chloride, since
Q2=1.3mL mirm* L =165cm. We can observe the great co- ¢ |atter may influence the extraction yield. In previous
incidence with the results obtained from the response Surfaceexperiments it was observed that. in the case of chemical
methodology, and therefore those were maintained below.aaples, the optimal conditions could be different depend-

This selection is reflected in the manifoldfé. 1. ing on the TCAs, and thus, it was decided to optimize the
assay by studying them separately and try to find compromise
3.2. Optimization of chemical variables conditions. Similarly to the optimization of Fl variables, the
experiments were the result of a central composite design,
The above described experiments were made with aand their conditions are reportediable 3.

carrier (line 1,Q;) consisting of DMAS 1.4% 10~*M at It was found that the considered effects contribute signif-
pH 2.4 (with chloroacetic/chloroacetate buffer) and injecting icantly to the model, except the main effect [NaCl] whose
aliquots of a JwgmL~1 solution of amitriptyline in the linear contribution was not significant for the established

system. Preliminary experiments indicated that strong acid 95% confidence levelFig. 5 shows, as an example, the
media is most appropriate to form the ion pair. Besides we response surfaces estimated by the model, for each pair of

Table 4

Opimization of chemical variables

Analyte R? Check model quadratic Lack-of-fit [HCI] (M) [DMAS] (M)

IM 0.913 0.006 0.22 0.17-0.31 2.67x 1074 t0 4.22x 104
DE 0.902 0.003 0.17 0.13-0.27 2.67x 107410 4.48x 104
AM 0.903 0.009 0.38 0.17-0.30 2.41x 107410 3.96x 104
NO 0.910 0.007 0.35 0.17-0.31 2.41x 107410 3.96x 104
CLO 0.871 0.025 0.22 0.17-0.29 1.11x 10 t03.19x 104
DO 0.843 0.033 0.10 0.17-0.31 0.58x 107410 2.90x 104

Statistical parameters of the adjusted models and optimal regions for each one of the TCAs.
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components, for amitriptyline. The statistical parameters of it was confirmed that this signal is almost the same when
the adjusted models, as well as the intervals of [HCI] and the sodium chloride is suppressed in the carrier. Because
[DMAS] corresponding to the zones of maximum response of that, this variable does not appeariable 4and was
(with differences in the RF1 about 5%) are summarized considered 0O thereafter. From the results shown in this table,
in Table 4, for each of the TCAs. As already mentioned, the conditions selected as a compromise, were [HCI|=0.2 M
[NaCl] had less effect on the fluorescent signal and, indeed, and [DMSA] = 2.9x 10~4 M, as reflected irFig. 1.
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Fig. 5. Estimated response surfaces, corresponding to amitriptyline, for each pair of chemical variables. (A) [HCI]; (B) [NaCl]; (C) [DMAS].
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Table 5

Summary table of the calibration parameters

Analyte Calibration curves Syix R2 LOD? (mgL~1) LODP (mgL~1)
IM H=337.8(£5.4)x Cjy — 11.5 (£11.4) 34.2 0.998 0.10 0.23

DE H=311.0(£7.8)x Cpg +28.3 (£13.1) 32.9 0.996 0.13 0.26

AM H=345.9(+3.8)x Cam — 45.6 (+7.8) 21.5 0.9992 0.07 0.18

NO H=359.1(48.4)x Cno +3.61 (£14.2) 35.7 0.996 0.12 0.24

CLO H=424.8(+£14.3% Cc o +33.7 (+24.0) 60.3 0.993 0.17 0.35

DO H=369.7(+7.7)x Cpo — 10.8 (£12.9) 32.7 0.997 0.11 0.22

2 LOD, detection limit calculated by Long and Winerfordner method.
b LOD, detection limit calculated by Clayton methad< 8 =0.05);C, mg L1 of analyte.

Table 6

Result of the analysis of TCAs in pharmaceuticals

Pharmaceutical Drug Nominal value (mg) FIA2 (mg) Reference method (mg)

Tofranil Imipramine 50 50.5+0.9 50.6+ 0.3

Tofranil pamoate Imipramine pamoate 75 745+0.2 747+ 0.3
74.8+0.6°

Tryptizol Amitriptyline hydrochloride 25 25.1+0.2 25.5+0.¢¢

Mutabase Amitriptyline hydrochloride 25 25.8+0.5 25.6+ 0.4

Nobritol Amitriptyline hydrochloride 125 14.5+0.3 14.3+0.3

Anafranil Clomipramine 25 24.8+0.6 25.7+ 0.4

Sinequan Doxepin 25 25.4+0.7 25.7+ 0.4

2 Averaget S.D. for three determinations.

b Treatment of the sample recommended by the USP.
¢ Treatment of the sample proposed.

d LC method[5].

€ USP photometric methd@7].

3.3. Calibration parameters pharmaceuticallofranil pamoate. The USP method uses
two different successive liquid—liquid extractions in the

To study the influence of the concentration of the TCAs treatment procedure of the sample while in our proposed FI

on the peak height, aliquots of 0.29mL of standards of method, these cleaning stages were not necessary, as it can

TCAs freshly prepared concentrations in water, between be deduced from the resultsTable 6.

0.25 and 3mgL?! were injected into the manifold. Each Applying the F-test andt-test, we found that results for

standard was prepared by triplicate and each was injectedboth methods (FI and LC) are comparable for all the phar-

by triplicate. The average of the heights of the three peaks maceuticals. We can deduce that interferences from other

(H) was used as analytical signal. A linear relationship was compounds does not occur.

obtained between peak height and TCAs concentrations. In

Table 5, the equations of the calibration curves obtained for

each TCA are shown. Also, the detection limits calculated 4. conclusions

following Winefordner—Long[25] and Clayton et al[26]

methods are included. The repeatability was evaluated by |t has been demonstrated that non-fluorescent tricyclic

performing 11 successive injections of solutions 1.5myL  antidepressant drugs display fluorescence by means of the

of each analyte; R.S.D. values between 2.1% and 2.4% information of an ion pair with DMAS. It is interesting to

the peak height were obtained. The day-to-day repeatability gevelop a FI method for the determination of the tricyclic

was assessed over 3 days performing each day 11 successivgntidepressant drugs in routine analysis. The optimization

injections of the recently prepared solutions of the analytes; of the FI and chemicals variables by an experimental design

R.S.D. values between 2.3% and 5.8% were obtained. (Central Composite Design and Response Surface Method-
ology) gives good results. The accuracy of the proposed
3.4. Determination of TCAs in pharmaceuticals method has been validated by comparison with a reference

method and it has been applied to different pharmaceuticals
A LC procedure[5] was used to validate the proposed obtaining good results.
FI method. The chromatographic method uses a C-18 The proposed FI method has the advantages of the simple
column, acetonitrile: phosphate buffer of pH 6.8 (40:60) as operation, high sampling rate, high sensitivity, repeatability
mobile phase, a flow rate of 1 mL mihand UV detection and decreased exposure to organic solvent vapours. In addi-
at 210 nm. Also a reference method from the U3H was tion, the proposed method can be widely applied for quality
used to validate the determination of imipramine in the control of pharmaceutical preparations.
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