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Summary
Simple and sensitive conductimetric methods for the determina-
tion of amitriptyline hydrochloride, dothiepin hydrochloride and
tranylcypromine hemisulphate are presented based on their ion
associates with phosphotungstic and phosphomolybdic acids.
The effects of solvent, molar ratio, reagent concentration and
temperature were studied, and the solubility products of the for-
med ion associates were calculated. The method was applied to
the determination of the drugs in pure state and their pharmace-
utical preparations with mean recovery values of 96.25-104.90,
95.75-103.12 and 97.90-102.30%, and coefficients of variati-
on of 0.23-1.62, 0.22-0.63 and 0.25-1.35 for amitriptyline,
dothiepin hydrochlorides and tranylcypromine hemisulphate,
respectively. The mean recovery values were 97.28-101.77,
97.60-104.50, 102.30-104.50 and 99.2-103.40 with coeffici-
ents of variation of 0.20-1.05, 0.24-0.91, 0.26-0.65 and 0.43-
1.19 for tryptizol tablets, prothiaden tablets, prothiaden capsule
and parnetil tablets, respectively. This is nearly the same as in the
case of determining pure drug samples, indicating the high selec-
tivity of the method towards the studied drugs.
Key Words : Antidepressants, amitriptyline HCI, dothiepin
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Farmasotik Formiilasyonlarinda Antidepresan Amitriptilin
ve Dotiepin Hidrokloriirlerin ve Tranilsipromin
Hemisiilfatin Kondiiktimetrik Tayini

Ozet
Amitriptilin hidrokloriir, dotipin hidrokloriir ve tranilsipromin
hemisiilfatin tayini icin, fosfotungistik ve fosfomolibdik asit ile
iyon birlesmesine dayanan basit ve duyarli konduktimetrik
yontemler sunulmaktadir. Coziicii, molar oran, reaktif kon-
santrasyonu ve sicakligin etkisi calisilmis ve olusan iyon
birlesimlerinin ¢oziinme iiriinleri hesaplanmigtir. Yontem,
amitriptilin hidrokloriir, dotipin hidrokloriir ve tranilsipromin
hemistilfatin  saf haldeki ve farmasotik preparatlardan
tayininde swrastyla % 96,25- 104,90, % 95,75- 103,12 ve %
97,90- 102,30 ortalama geri kazamm degerleri ve 0,23- 1.62,
0.22- 0.63 ve 0.25- 1.35 vryasyon katsayilar ile
uygulanmgnr: Triptizol tablet, protiaden tablet, protiaden kap-
siil ve parnetil tablet icin ortalama geri kazamm degerleri
sirastyla 97.28- 101.77; 97.60- 104.50; 102.30- 104.50 ve
99.2- 103.40, varyasyon katsaydari 0.2- 1.05; 0.24- 0.91;
0.26- 0.65 ve 0.43- 1.19'dur. Bu degerler, calisilan ilaglar
acisindan yontemin yiiksek selektivitesini gosterir sekilde, saf
ila¢ orneklerinin tayin edilmesi durumunda da hemen hemen
aynudir.
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INTRODUCTION illness. Several techniques have been adopted for

The investigated drugs are very important antidep-
ressants indicated in the treatment of depression
and anxiety frequently associated with depressive

the determination of amitriptyline, including spect-
rophotometrylfz, high-performance liquid chroma-
tography®*, gas chromatography®, capillary elect-
rophoresis® and voltammetry”. Amitriptyline has
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been also determined potentiometrically using ion-
selective electrodes®®. Dothiepin has been determi-
ned using liquid chromatography!?-1?, kinetic!

spectrophotometry, conductimetry!# and also by

15

using ion-selective electrodes'”. Tranylcypromine

was determined by spectrophotometry!®-18,

19,20

gas
chromatography-mass spectrometry'”<", gas chro-
matography???, high-performance liquid chroma-
tography23'24, thin layer liquid chromatography?-5

and ion-selective electrodes?®.

The present work aims to introduce new conducti-
metric methods for the determination of amitriptyli-
ne and dothiepin hydrochlorides and tranylcypro-
mine hemisulphate. These methods are very simple
in application and of low expense in comparison to
the previously mentioned techniques and at the sa-
me time offer a high degree of accuracy and precisi-

2,13,17

on when compared to the reference methods of

their determination.
EXPERIMENTAL

A JENWAY 4330 pH and conductivity meter (Eng-
land) was used for conductance measurements. The
cell constant, Kcell, was 1.0. A temperature measu-
rement sensor was provided with the conductivity
bridge.

Reagents

Doubly distilled water and analytical grade reagents
were used to prepare all solutions. Pure-grade amit-
riptyline hydrochloride (AmCl) and its pharmace-
utical preparation (tryptizol tablets 25 mg/tablet),
dothiepin hydrochloride (DpCl) (prothiaden tablets
75 mg/tablet; and prothiaden capsule 25 mg/capsu-
le) and tranylcypromine hemisulphate (Tc1/2S0,)
(parnetil tablets 10 mg/tablet) were provided by El
Kahira for pharmaceuticals and chemical industry
company, Cairo, Egypt, under license of Merck,
USA and Knoll AG, Ludwigshafen, Germany. Ethyl
alcohol, acetone and dioxane were supplied by
BDH.

Stock solutions were prepared by dissolving the ac-
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curate weights of pure solid in bi-distilled water and
adding a few drops of acid (HCI or H,SO,) to pre-
vent fungi formation before completing to the requ-
ired volume, and the solutions were kept in the ref-
rigerator for no more than one week to avoid any
degradation, if it occurred. Working solutions of lo-
wer concentrations were invariably prepared by
appropriate dilution.

General procedure

Volumes containing 9.41- 47.08 mg AmCl, 9.95 -
49.78 mg DpCl or 5.46 — 27.33 mg Tcl1/2504 were
transferred to a 50 ml volumetric flask and made to
the mark with bi-distilled water. The contents of the
volumetric flask were transferred to a beaker and
the conductivity cell was immersed. Then 102 M
PTA or PMA was added from a graduated microbu-
rette (0.01 ml) and the conductance was measured
subsequent to each addition of the reagent solution
after thorough stirring. The conductance reading, ta-
ken after 1-2 min after each addition, was corrected
for dilution?”” by means of the following equation,
assuming that conductivity is a linear function of di-
lution:

Q Q o [0y +0,)/ 9]

corr =
Where Q is the electrolytic conductivity, ¥, is the ini-
tial volume and 9, is the volume of the added re-
agent (corr: corrected; obs: observed).

A graph of corrected conductivity versus the volu-
me of titrant added was constructed and the end po-
int was determined. One milliliter of 102 M PTA or
PMA is theoretically equivalent to 9.41 mg AmCI,
9.95 mg DpCl or 5.46 mg Tc1/2S0O,.

Procedure for determining the drug — titrant ratio

Six milliliters of 102 M AmCl, DpCl or Tc1/2S0,
were transferred to a 50 ml volumetric flask and ma-
de up to the mark with bi-distilled water. The con-
tents were quantitatively transferred to a beaker and
the conductivity cell was immersed. Then 102 M so-
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lution of PTA or PMA was added from a microbu-
rette and the conductance was measured subsequ-
ent to each addition of the reagent solution after tho-
rough stirring for 1-2 min. A graph of corrected con-
ductivity versus volume was constructed.

Procedure for tablets

Twenty tablets containing amitriptyline, dothiepin
or tranylcypromine were weighed and powdered. A
quantity of powder equivalent to prepare 10 M so-
lution of the drug was transferred to a 100 ml volu-
metric flask and made up to the mark with distilled
water. The general procedure was then followed in
the concentration ranges already mentioned.

Procedure for capsules

Contents of 20 capsules containing dothiepin were
weighed and a quantity of powder equivalent to
prepare 102 M solution of the drug was transferred
to a 100 ml volumetric flask and made up to the
mark with distilled water. The general procedure
was then followed in the above-mentioned concent-
rations.

Conductimetric determination of the solubility pro-
duct of the ion associates

A series of solutions of different concentrations (c)

was prepared for amitriptyline; dothiepin,
tranylcypromine, PTA, or PMA. The conductivities
of these solutions were measured at 25°C and the
specific conductivities (A;), corrected for the effect of
solvent, were calculated and used to obtain the equ-
ivalent conductivities (A) of the solutions. Straight-li-
ne plots of A versus Ac were constructed and
MAmMCI, ADpCl; A,Tc1/2504, MPTA or A,PMA
was determined from the intercept of the respective
line with A axis. The activity coefficients of the ions
employed were taken as unity because all the soluti-
ons were sufficiently dilute (5x10-5 to 5x10-3 M).
The values of Ay(Am-PTA), Ay (Am-PMA), A(Dp-
PTA), Ay(Dp-PMA), Ay(Tc-PTA) and Ay (Tc-PMA)
were calculated using Kohlrausch’s law of indepen-

dent migration of ions?.

The solubility (s) and solubility product (KSp) of a
particular ion associate were calculated using the
following equations:

S =Ks x 1000/ }\‘O(ion-associate)

K. =275* for 1:3 ion-associates

Sp
Where Ks is the specific conductivity of a saturated
solution of the ion associate, determined at 25°C and
corrected for the effect of solvent. The saturated so-
lution was made by stirring a suspension of the so-
lid precipitate in distilled water for 15 min at 25°C.

RESULTS AND DISCUSSION

Conductance measurements are used successfully in
quantitative conductimetric titration of systems in
which the conductance of the solution varies before
and after the equivalence point. In these cases, the
titration curve can be represented by two lines inter-
secting at the end point. Titrations in different media
were attempted to obtain the best results. Prelimi-
nary experiment in aqueous, ethanol, 50% ethanol-
water, 50% acetone-water and 50% dioxane-water
mixtures showed that the aqueous medium is the
most suitable for obtaining stable conductimetric re-
adings.

The reagent concentration in each titration must not
be less than 10 times that of the drug solution in or-
der to minimize the dilution effect on the conducti-
vity throughout the titration. The optimum concent-
ration of PTA or PMA as titrant is 102 M to achieve
a constant and highly stable reading within 1-2 min
after mixing. Concentrations less than this led to
unstable readings and required more time to obtain
constant conductance values. Temperatures up to
50°C showed no effect on the end point.

The systems under investigation showed a regular
rise in conductance up to the equivalence point whe-
re a sudden change in the slope occurs. This behavi-
or is probably related to the formation of RNH, * and
OH" by hydrolysis. On adding PTA or PMA, the ion
associate is formed by replacing the RNHions by
mobile H+ and the conductivity increases®’. After
the end point, a curve break is observed at a drug-
reagent molar ratio of 3:1 in all cases - amitriptyline,
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dothiepin and tranylcypromine. Figure 1 shows the
conductimetric titration curves of dothiepin versus
PTA or PMA as a representative example of the pu-
re drug to calculate the molar ratio of the drug re-
agent.
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Figure 1. Conductimetric titration of 9.95 (a,b),19.90 (c,d) and
29.87 mg (e,f) DpCl against 10°M PTA (a,c&e)
or 102 M PMA (b,d&f).
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Analytical results

The results of the drug determination presented in
Table 1 showed that good recoveries and low stan-
dard deviations were obtained. The optimum con-
centration ranges for determination are 9.41-47.08,
9.95-49.78 or 5.46-27.33 mg with mean recovery va-
lues of 96.25-104.90, 95.75-103.12 and 97.90-102.30%
and coefficients of variation of 0.23-1.62, 0.22-0.63
and 0.25-1.35 for amitriptyline HCl, dothiepin HCl
and tranylcypromine hemisulphate, respectively, at
which sharp inflections and stable conductance re-
adings are obtained. Limit of detection was 9.41, 9.95
or 5.46 mg for amitriptyline HCl, dothiepin HCI and
tranylcypromine hemisulphate, respectively.

Table 1. Conductimetric determination of the investigated drugs
in pure solution

Taken (mg) PTA PMA
Found® (mg) Recovery (%)* RSD (%)* _ Found"(mg)  Recovery (%)* RSD (%)*

Amitriptyline hydrechloride

41 9.0 96.25 0.52 9.80 104.25 023
1880 18.09 96.25 Q.69 18.14 96.50 0.63
28.20 27.92 99.00 0.63 29.58 104.90 033
37.66 39.35 104.50 1.62 37.58 99.80 0.54
47.08 49.19 104.50 0.63 4595 97.60 0.63
Dothiepin hydrochloride
9.95 4.99 100.50 0.34 9.52 95.75 0.60
19.90 19.95 [10030 0.22 19.39 97.45 0.63
29.87 30.54 [102.26 0.48 20.07 97.33 0.26
39.82 4031 1 101.25 0.30 41.06 103.12 039
49.78 50.92 i 10230 0.36 50.97 97.66 031
Tranyleypromine hemisulphate
546 5 10230 0.25 5.34 979 135
10.93 112 101.75 038 11.06 101.20 0.78
16.39 16.22 99.01 043 16.22 99.00 0.74
21.86 2224 101.75 038 21.99 100.62 0.28
27.33 2675 97.90 0.98 27.91 97.90 0.95
RSD: Relative standurd deviation.
* Five determinati
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The Student’s t-test (at 99.9% confidence level) and
F-test were applied3!. The calculated t values ranged
from 1.91 to 3.06, which is lower than the tabulated
values at the 99.9% confidence level (4.03), while the
F values were found to range from 0.16 to 1.20,
which is lower than the tabulated value (6.61 for fi-
ve determinations) at the 95% confidence limit. This
means that there are no systematic differences bet-
ween the determined and true concentrations; thus,
the proposed method is of the same accuracy as the
reference methods?1317. The results of validation of
the proposed methods are presented in Table 2.

Table 2. Validation of data for investigated drugs in pure solution
comparative with the official methods.

Official method PTA PMA
Amitriptyline hydrochloride
X+SE 95.40+0.91 100.10+0.82 100.61+0.47
Probability >0.05 <0.05
Relative error (%) 0.09 0.60
F®value(5.05) 0.82 027
Dothiepin hydrochloride
X+SE 100.00+0.85 101.32+0.34 98.25+0.43
Probability <0.05 <0.05
Relative error (%) 1.30 1.78
F®9value(5.05) 0.16 0.25
Tranylcypromine hemisulphate
X+SE 101.40+0.91 100.54+0.48 99.32+1.00
Probability >0.05 >0.05
Relative error (%) 0.53 0.68
F®9value(5.05) 027 1.20

X: Mean vatue. SE: Standard error.

Analytical applications

The validity of the proposed method was assessed
by its application to the determination of AmCI,
DpCl and Tc1/250, in their pharmaceutical prepa-
rations (tablets and capsules) (Table 3). The mean re-
covery values were 97.28-101.77, 97.60-104.50,
102.30-104.50 and 99.2-103.40 with coefficients of va-
riation of 0.20-1.05, 0.24-0.91, 0.26-0.65 and 0.43-1.19
for tryptizol tablets, prothiaden tablets, prothiaden
capsule and parnetil tablets, respectively. This is ne-
arly the same as in the case of determining pure
drug samples, indicating the high selectivity of the
method towards the studied drugs. Figure 2 (a, b &
c) represents the titration curves for 9.41-47.08 mg
tryptizol tablets, 9.95 — 49.08 mg prothiaden capsu-
les and 5.46 — 27.33 mg parnetil tablets against PTA

as a representative figure.
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Table 3. Conductimetric determination of amitriptyline and doth-
iepin hydrochlorides and tranylcypromine hemisulphate
in their pharmaceutical preparations.

The results of the formulation determinations were

compared with those obtained from reference met-

Taken (mg) PTA PMA 11317 .
Found {(mg) Rq Vi (%%)* RSD (%)* Found (mg) Recovery (%)* RSD (%)* - -
T e (ng) _ Recovery ound (mg) Recovery ( ) hods*'>*/ applying the F-test and the t-test (Table
Tryptizol tablets (. ) .
9.41 9.43 100.30 0.20 9.43 100.30 1.15 -
xin 013 100, CEn o5 [1oo. 1 4). In order to establish whether the proposed met
2820 27.89 98.9; 0.36 28.63 101,56 0.73 . . . . .
3766 1832 LI — X LN — 1 on hod exhibits any fixed or proportional bias, a simp-
Dothiepin hydrochloride . . .
Prodhinden tabless (Smg/abler) - - — e le linear regression of observed drug concentration
19.90 0.79 £ 04.50 0.2 .66 98.80 0.69 . . . .
& 255 pes 08 284 92990 020 against the theoretical values obtained using the re-
4978 49.18 9830 03 12 100,70 035
Drothiaden caprules (25 Y — - s . ference method was calculated (Table 5).
19.90 20.35 102.30 0.65 9.50 8.0 0.52
2987 31.21 104.50 0.26 1.21 04.50 0.63
39.82 41.36 103.87 0.50 1.61 04.50 619
49.78 _|.50.92 102.30 0.34 49.28 9.0 063 . . o . . .
Tranylcypromine hemisulphate Table 4. Validation of data for investigated drugs in pharmaceuti-
| Parnetil tablets (10mp/tablet) . . .
A 330 6.70 53 5833 140 cal preparations compared with the reference methods.
.93 .30 )3.40 0.44 11.22 102.66 0.64
.39 .25 20 067 16.34 99 70 053
.86 4 3.12 119 22,14 101.30 [ Reference method PTA PMA
503 Relative slandardsdz;via\ion = o e 14 s Amitriptyline hydrochloride
* Five determinations. Tryptizol tablets
50 35 - 40 — 45 — 50 X+SE 101.40+0.91 99.7140.60 99.7010.86
Probability >0.05 >0.05
25 430 435440 445 © Relative error (%) 0.29 0.30
20 425 3303353404 F™value(5.05) 0.43 0.89
@ Dothiepin hydrochloride
1.5 20 4 25 3.0 43.5 4 Prothiad: tahlets
10 315 120 25 330 ] X+SE 100.00+0.85 100.88+0 51 99.78+0 40
Probability >0.05 >0.05
0(2) 1041420425 © Relative error (%) 0387 0.22
00 Jos 10315320 ] FOvalue(5.05) 0.36 0.22
g o5 {5 Jos d10Ju ] ° f(mst‘:iadm caple 100.00+0.85 103,49+0 48 100.56
g © + 00+0.83 4940, .56+0.45
§ 10308 300408410 Probability <0.05 <005
E 45310305300 d0s ] @ Relative error (%) 337 0.55
) P P D DO K3 P A FPvalue(5.05) 0.32 0.28
- - 0 1 2 3 4 5 6 7 8 9 10 11 12 Tranyleypromine hemisulphate
Volume of PTA added,ml Parnetil tablets
) X+SE 96,60+0.91 101,4040.69 101.06+0.69
Figure 2a. conductimetric titration of 9.41 (a), 18.8 (b), Probability >0.05 >0.05
28.2 (c), 37.66 (d) and 47.08 mg (e) tryptizol Relative error (%) 1.38 1.04
tablet against 10 mol dm™ PTA. FO- )value(S,OS) 0.57 0.57
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Figure 2b.  Conductimetric titration of 9.95¢2),19.90(k),29.87(c),
39.82 (dy and 49.78 mg (g) prothiaden capsule
anainst 107 mol dri” PTA
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Conductimetric titration of 5.46 (a),10.93 (b),
16.39 (c) ,21.86 (d) and 27.33 mg (e) parnetil
tablet against 102 mol dm™ PTA.

Figure 2c.

X: Mean value. SE: Standard error

Table 5. Linear regression analysis of data obtained from determi-
nation of the investigated drugs in pure and pharmaceuti-
cal preparations using PTA and PMA

Ton associate  Slope of the Intercept of the  Correlation of the  tvale (4.03)°  F value (6.61)°
ion line* ion line ion Line
Amz-PTA
(pure) | 1.077 [ 1716 [ 099 T 274 [ o8
tablets | 0,999 | 0130 | 099 | 245 | 0.43
Amz PMA
(pue) | 0973 [ 0.718 [ 059 224 [ 0,27
tablets | 0980 | 0.292 | 0.999 3.05 | 0.89
Dps-PTA
(pure) | _ 1.026 [ 0313 [ 09% I 191 [ o6
tablets | 0.963 | 1.044 | 0.999 1 2.60 | 036
capsules | 1025 | 0.235 | 0.999 i 229 | 032
DpsPMA -
(pure) [ 105 i -1358 | 0.999 1 2.00 [ 0.25
tablets | 1011 | -0.324 | 0.999 ! 2.64 [ 022
capsules | 1.018 ] -0.167 | 0.997 | 2.63 | 0.28
Tes-PTA
(pure) | 0977 I 0350 ] 099 | 2.39 [ 0.27
tablets | 0.991 | 0292 | 099 [ 2.72 [ 0.57
Tes PMA
(pure) | 1.025 I 0300 [ 09% [ 3.06 [ 1.20
tablets | 1.037 | -0.348 | 0.999 | 267 | 0.57
*Observed versus theoretical.
“Tabulated 99.9% confidence limit at five degrees of freedom.
“Tabulated 95.0% confidence limit at five degrees of freedom
The regression equation of calibration curves can be represented as:
Y= Slope of lin (a) X mean value (x) + intercept of ion line (b)

The slopes of the regression lines did not differ sig-
nificantly from the ideal value of unity, while the in-
tercepts of the lines were very small, indicating that
there are no systematic differences between deter-
mined and expected concentrations within the in-

vestigated range using the presented methods.
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Solubility products of ion associates

Ion-associate formation is the main controlling fac-
tor in many chemical reactions, where the degree of
feasibility of titration depends on the degree of
completeness of the precipitation reaction. The equ-
ilibrium constant of the precipitation reaction is in-
versely proportional to the solubility products, whe-
reas the smaller the solubility product of the formed
ion associates, the sharper is the end point. It is no-
teworthy to mention also that the solubility of ion
associates is one of the main factors controlling the
life span of solid-state ion-selective electrodes built
up from these ion associates, and which are widely
used as an analytical tool for determining those
drugs under investigation.

The solubility products of the ion associates were fo-
und to be 9.93x10-32, 1.49x10-39, 5.10x10731, 9.94x10°38,
1.18x102* and 3.16x10°%! for Am,-PTA, Am,-PMA,
Dp,-PTA, Dp;-PMA, Tc,-PTA and Tey-PMA, respec-
tively. Consequently, the equilibrium constants of
the ion-associate formation reaction can be calcula-
ted as follows:

3Am++PTA — Am,PTA K= 1.00x1031
3Am++PMA — Am,PMA K= 6.71x1038
3Dp++PTA — Dp,PTA K= 1.96x1030
3Dp++PMA — Dp,PMA K= 1.00x1037
3Tc++PTA — Tc,PTA K= 8.47x1023
3Tc++PMA —> Tc,PMA K=3.16x1030

These equilibrium constant values are very high, in-
dicating that the degree of completeness of the ion-
associate formation reaction is about 99.0%. In the
equilibria, the solubility product of the undissoci-
ated ion associate in water (i.e. the intrinsic solubi-
lity) was omitted as this term makes a negligible
contribution to the total solubility because the ion
associates are sparingly soluble in water and its sa-
turated solution is, therefore, very dilute®.

CONCLUSION

The application of the proposed method to determi-
nation of the investigated drugs in pure solution
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and pharmaceutical preparations is characterized by
a high degree of precision and accuracy when com-
pared with the reference method. Also, the present
method is a simple, rapid, highly sensitive, selective,
inexpensive technique and does not require any
sophisticated instruments or unavailable reagents.
Thus, it can be applied for routine analysis and veri-
fication in quality control and quality assurance du-
ring manufacture of these drugs.

REFERENCES

1. Reynolds JEF (ed.), Martindale - The Extra Pharmaco-
poeia, 30th ed., The Pharmaceutical Press, London,
8140, 1993.

2. Karpinska ], Suszynska ], Trace J. The spectrophoto-
metric simultaneous determination of amitriptyline
and chloropromazine hydrochlorides in their binary
mixtures, Microprobe Tech., 19, 355-364, 2001.

3. Deshmane GV, Vakil JR, Dhahneshwar SR, Mahadik
KR, Kadam SS. Simultaneous spectrophotometric esti-
mation of amitriptyline hydrochloride and chlordiaze-
poxide, Indian Drugs, 34, 443-445, 1997.

4. Gandhi R, Sharma P, Chawla HPS, Kaul CL, Panchag-
nula R. HPLC analysis of tricyclic antidepressants in
skin diffusion studies, S.T.P. Pharma Sci., 10, 234-238,
2000.

5. Simonson L, Nelson K. Adsorption of amitriptyline
hydrochloride in HPLC injector loops, LC-GC, 10, 533-
535, 1992.

6. Sane RT, Surve SR, Gangrade MG, Bapat VV, Chankar
NL. Simultaneous gas chromatographic estimation of
combined dosages. I-Amitriptyline hydrochloride
with chlordiazepoxide, II-Methocarbamol with ibup-
rofen, III-Paracetamol with diclofenac sodium, IV-Pa-
racetamol with promethazine hydrochloride, Indian
Drugs, 30, 66-72, 1993.

7. Lu W, Shamsi SA, McCarley TD, Warner IM. On line
capillary electrophoreses-electrospray ionization mass
spectrometry using a polymerized anionic surfactant,
Electrophoresis, 19, 2193-2199, 1998.

8. Biryol I, Uslu B, Kucukyavuz Z. Voltammetric deter-
mination of imipramine hydrochloride and amitripty-
line hydrochloride using a polymer modified carbon
paste electrode, J. Pharm. Biomed. Anal., 15, 371-381,
1996.

9. El-Nashar RM, Abdel Ghani NT, Bioumy AA. Flow in-



FABAD J. Pharm. Sci., 29, 195-201, 2004

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

jection potentiometric determination of amitriptyline
hydrochloride, Microchem, 78, 107-113, 2004.

Pawlak Z, Kay D, Clark BJ. Assay of dothiepin
hydrochloride and its isomers by liquid chromatog-
raphy, Anal-Proc. (London), 27(1), 16-18, 1990.
Pawlak Z, Clak BJ. Assay of dothiepin hydrochloride
and its geometric isomers by liquid chromatography,
J. Pharm. Biomed. Anal, 7(12), 1903-1907, 1989.

Sane RT, Tendolkr RV, Gangal DP, Ladage KD, Kot-
hurkar RM. High-performance liquid-chromatograp-
hic determination of dothiepin hydrochloride from
pharmaceutical compounds, Indian J. Parm. Sci., 51(2),
61-62, 1989.

Taha EA. Kinetic spectrophotometric methods for de-
termination of dothiepin HCI in bulk and drug formu-
lation, Anal Bioanal. Chem., 376, 1131-1136, 2003.
Ahmed AF Youssef. Application of ion associate for-
mation for conductimetric determination of dothiepin
hydrochloride in pharmaceutical formulations by
using trioxalato complexes, Sci. Pharm., 73, 1-15, 2005.
Abdel Ghani NT, El-Nashar RM, Bioumy AA. Flow in-
jection potentiometric determination of dothiepin
hydrochloride, Anal. Lett., 37, Al-3070 3237-3254, 2004.
Acikkol M, Atmaca S, Iskender G. Spectrophotometric
determination of tranylcypromine sulphate in tablets,
Acta-Pharm-Turc, 33 (1), 29-32, 1991.

Ibrahim F, Belal F, Hassan SM, Aly FA. Spectrophoto-
metric determination of some MAO inhibitors using
7,7,8,8-tetracyanoquinodimethane and iodinemonoch-
loride, J. Pharm Biomed Anal , 9(2), 101-107, 1991.
Rizk MS, Toubar SS, Sultan M, Assaad SH. Ultraviolet
spectrophotometric determination of primary amine-
containing drugs via their charge-transfer complexes
with tetracyanoethylene, Microchim Acta, 143(4), 281-
285, 2003.

Crifasi J, Long C. The GC-MS analysis of tranylcypro-
mine (parnate) in a suspected overdose, Forensic Sci
Int, 86(1-2), 103-108, 1997.

Valentine JL, Middleton RJ. GC-MS identification of
sympathomimetic amine drugs in urine: rapid metho-
dology applicable for emergency clinical toxicology,
Anal Toxicol, 24(3), 211-222, 2000.

Baker GB, Nazarali AJ, Coutts RT. Rapid and sensitive
procedure for simultaneous analysis of phenethylami-
ne and tranylcypromine in rat brain using trichloro-
acetylation and gas chromatography, Res-Commun
Chem Pathol Pharmacol, 49(3), 471-474, 1985.

Rao TS, Baker GB, Coutts RT. Pentafluorobenzene

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

sulphonyl chloride as a sensitive reagent for the rapid
gas-chromatographic analysis of tranylcypromine in
tissues and body fluids, Biochem Pharmacol, 35(12),
1925-1928, 1986.

Spahn L, Angguth H, Hahn G, Muttschler E, Moehrke
W, Langguth P. Enantiospecific high-performance li-
quid-chromatographic assay with fluorescence detec-
tion for the monoamine oxidase inhibitor tranylcypro-
mine and its applicability in pharmacokinetic studies,
J Chromatogr Biomed Appl, 122, 229-237, 1992.

Aboul Enein HY, Abou Basha LI. Determination of
tranylcypromine in urine and pharmaceutical formu-
lation by HPLC using symmetry column, J Liq Chro-
matogr Relat Tech, 19(6), 925-932, 1996.

Atmaca S, Iskender G. TLC-densitometric determinati-
on of tranylcypromine after derivatization with 2,4,6-
trinitrobenzenesulphonic acid, Acta Pharm Turc,
31(4), 153-156, 1989.

El Nashar RM, Abdel-Ghani NT, Biaumy AA. Flow in-
jection potentiometric determination of tranylcypro-
mine sulphate, Anal. Bioanal. ], ABC-00420-2005 (Sub-
mitted for publication).

Lingane JJ. Electrochemical Chemistry, 2nd ed., Inter-
science, New York, 90, 1958.

Antropov LL Theoretical Electrochemistry, Mir, Mos-
cow, 1977.

Shoukry AF. Use of two ion-selective electrode-conta-
ining cells for potentiometric titration of hexadecylpy-
riinum bromide, Analyst, 113(8), 1305-1308, 1988.
Bahbouh MS, Salem AA, Issa YM. Spectrophotometric
and conductimetric determination of dipyridamole in
pure and dosage forms using chromotrope 2B and
phosphotungstic acid, Mikrochim. Acta, 128, 57-63,
1998.

Miller JC, Miller JN. Statistics for Analytical Che-
mistry, Ellis Horwood, Chichester, 1984.

British Pharmacopoeia, Vol _, Her Majesty’s Stationary
Office, London, 584, 1993.

Reynolds JEF (ed), Martindale - The Extra Pharmaco-
poeia, 30th ed., The Pharmaceutical Press, London,
1294, 1993.

Reynolds JEF (ed), Martindale - The Extra Pharmaco-
poeia, 30th ed., The Pharmaceutical Press, London,
1183, 1993.

Irving HM, Williams RJP. Organic complexes. Some
factors controlling the selectivity of organic reagents,
Analyst 77, 813-829, 1952.

201



