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Abstract

Five psychoactive drugs namely, chlorpromazine HCl, thioridazine HCl, clomipramine HCl, imipramine HCl and desipramine HCl were
analyzed by a simple spectrofluorimetric method. The method is based on oxidation of the studied drugs using cerium(IV) in presence
of sulphuric acid and monitoring the fluorescence of the formed cerium(III) atλex. = 254 nm andλem.= 355 nm. All variables affecting the
reaction conditions such as; cerium(IV) concentration, sulphuric acid concentration, heating time, temperature and dilution solvents were
carefully studied. The effect of potential interference due to common ingredients as glucose, sucrose, lactose, citric acid and propylene glycol
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ere investigated. A validation study of the proposed method was carried out according to USP 2002. Beer’s law was obeyed
tudied drugs in the concentration range of 0.05–1.3�g/ml. Limits of detection range was 0.035–0.038�g/ml and limits of quantitation o
.116–0.125�g/ml were obtained. The method was successfully applied for the assay of the studied drugs in pure form and in pharm
osage forms. Results were compared with official methods. Thet- andF-values were calculated and compared with the theoretical va
hich indicate high accuracy and good precision of the proposed method.
2005 Elsevier B.V. All rights reserved.
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. Introduction

The use of drugs with well-demonstrated efficacy in psy-
hiatric disorders has become wide spread since 1950s.
owadays about 20% of prescriptions written in the United
tates are for medications intended for mental processes[1].
Several analytical methods have been reported for

etermination of psychoactive drugs either in pure form or in
heir pharmaceutical preparations. These methods include;
pectrophotometry [2–18], spectrofluorimetry[19–24],
itrimetry[25–30], chromatography[31–42], flow injection
nalysis [43–47], radio-immunoassay[48–49], electro-
hemical methods[50–51]and chemiluminescence methods
52–54].

∗ Corresponding author. Tel.: +20 88 2366244; fax: +20 88 2332776.
E-mail address:samehaa@yahoo.com (S.A. Ahmed).

Ce(IV) has been used as an oxidizing agent for sp
trofluorimetric determination of trimeprazine and triflu
perazine[55], reserpine[56] and macrolides[57]. Measuring
the fluorescence of Ce(III) was found to be more than f
times fluorescent as their oxidation products, and there
the measurement of its fluorescence can be used as a
sensitive method for determination of such drugs[55].

Since the official and reported methods for determina
of the studied psychoactive drugs were found to be labori
expensive and time consuming so the aim of this work
to develop a new spectrofluorimetric method for determ
tion of the studied psychoactive drugs, that is, more sens
simple, rapid and less expensive than the reported and of
methods. The suggested spectrofluorimetric method dep
simply on oxidation of all the studied psychoactive dru
using Ce(IV) in sulphuric acid medium and the relative fl
orescence intensity of the formed Ce(III) was monitore
λex.= 254 nm andλem.= 355 nm.

731-7085/$ – see front matter © 2005 Elsevier B.V. All rights reserved.
oi:10.1016/j.jpba.2005.03.024
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2. Experimental

2.1. Instrumentation

- Spectrofluorimeter RF 5301 PC (Shimadzu, Japan).
The spectrofluorimeter was set with excitation and emis-

sion slits at 1.5 nm.
- UV-1601 PC, UV–vis Spectrophotometer (Shimadzu,

Japan).
- MLW type thermostatically controlled water bath (Ger-

many).

2.2. Reagents and solutions

2.2.1. Materials
Ceric ammonium sulphate (Sigma chemie GmbH,

Germany), imipramine HCl (%purity 100.26± 0.36),
clomipramine HCl (%purity 99.92± 0.25) and desipramine
HCl (%purity 99.28± 0.57) (Novartis Pharma AG, Basle,
Switzerland), chlorpromazine HCl (%purity 98.91± 0.45)
(May and Baker, England) and thioridazine HCl (%purity
98.35± 0.60) (Swiss Pharma, Cairo).

Pharmaceutical preparations containing studied drugs
were obtained from the local market. Neurazine®tablets
(B.N. 143021,Misr, Cairo, Egypt), promacid®tablets
(B.N.15895,CID, Giza, Egypt), supranil®capsules (25 mg
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water. The working standard solutions were prepared by fur-
ther dilution to obtain concentration ranges from 0.005 to
1.500�g/ml. The stock and working standard solutions were
kept± 4◦C in light protected flasks.

2.4. Preparation of sample

2.4.1. Tablets and capsules
An accurately weighed amount of powder obtained from

20 tablets or capsules equivalent to 25 mg of the drug
was transferred into 100 ml volumetric flask. About 50 ml
distilled water was added and the flasks were shaked for
10 min, then was completed to 100 ml with distilled wa-
ter then the solution was filtered and the first portion
of filtrate was rejected. The prepared solution was di-
luted quantitatively to obtain the required concentration for
assay.

2.5. General assay procedure

One milliliter of standard or sample solution was trans-
ferred into a 10 ml volumetric flask. This was followed by
addition of 1 ml of ceric ammonium sulphate 0.001 M for
phenothiazines or 0.002 M for dibenzazepines. The solutions
were mixed well and heated in a thermostatically controlled
water bath at 100◦C for 10 min in case of phenothiazines and
f then
c ter.
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.N.01109127, 50 mg B.N. 91100194, ACAPI, Ca
gypt), melleril retard®tablets (200 mg B.N. 183, 30 m
.N. 118) tofranil®tablets(B.N. 172) desipramine (laborat
repared synthetic mixtures), and anafranil®tablets(25 mg
.N.082, 75 mg B.N. 145) (Novartis Pharma AG, Ba
witzerland).
All other chemicals and solvents used in work were

nalytical grade.

.2.2. Ceric ammonium sulphate solution
Solutions of ceric ammonium sulphate in concentra

ange (0.0002–0.0040 M) were prepared fresh daily by
olving in sulphuric acid 0.25 M for phenothiazines
.40 M for dibenzazepines.

.2.3. Solvents
Analytical grade, methanol, ethanol, propanol, ace

rile, sulphuric acid, hydrochloric acid, acetic acid, nitric a
nd perchloric acid, were used throughout the investiga
reshly boiled and cooled distilled water was used thro
ut the work.

All studied drugs and cerium(IV) solutions were store
mber-colored bottles. The drug solutions were kept at± 4◦C

o ensure stability. Working solutions were freshly prepa
rom stock solutions by suitable dilution.

.3. Standard drug solution

Standard drug solutions were prepared by disso
0 mg of the studied drug (as a salt) in 100 ml of disti
or 20 min in case of dibenzazepines. The flasks were
ooled and diluted to the final volume with distilled wa
he relative fluorescence intensity was measured spectr
imetrically atλex.= 254 nm and�em.= 355 nm against blan
reated similarly.

. Results and discussion

Phenothiazines and dibenzazepines have various o
ion steps. Phenothiazines may be oxidized to sulp
r sulphoxide (Scheme 1) [58]. On the other hand dibe
azepines may oxidized to form radical cation I, fast c
ling of I at the 2-position to form a dimeric compound

Scheme 1. Some oxidation steps of phenothiazine ring.
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Scheme 2. Oxidation of dibenzazepines.

then oxidation of compound II to give dimeric species III
(Scheme 2) [59].

Different oxidants were tried such as; ceric sulphate,
potassium periodate, potassium iodate, potassium chlorate,
hydrogen peroxide and potassium persulphate. It was found
that Ce(IV) produced the highest fluorescence intensity rel-
ative to other oxidants (more than 100 times). Additional
advantage of Ce(IV) is its purity and stability even at boiling
temperature.

Chlorpromazine HCl, thioridazine HCl, desipramine HCl,
imipramine HCl and clomipramine HCl were oxidized by
Ce(IV) in sulphuric acid medium and the relative fluo-
rescence intensity of the formed Ce(III) was monitored
at λex.= 254 nm andλem.= 355 nm against a reagent blank
treated similarly.Fig. 1shows excitation and emission spectra

F )
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o

Fig. 2. Excitation and emission spectra of 1�g/ml desipramine HCl (1),
clomipramine HCl (2) and imipramine HCl (3) induced by oxidation with
0.002 M Ce(IV) and spectra of reagent blank (4).

of 1�g/ml chlorpromazine HCl and thioridazine HCl induced
by oxidation with 0.001 M Ce(IV) and those of a reagent
blank. In addition,Fig. 2shows excitation and emission spec-
tra of 1�g/ml clomipramine HCl, imipramine HCl and de-
sipramine HCl induced by oxidation with 0.002 M Ce(IV)
and those of a reagent blank.

3.1. Optimization of variables

3.1.1. Effect of Ce(IV) concentration
The effect of variation of Ce(IV) concentration was stud-

ied. chlorpromazine HCl or clomipramine HCl were used
as representative examples for phenothiazines and diben-
zazepines, respectively (Fig. 3). In case of chlorpromazine
HCl, it was found that the relative fluorescence intensity in-
creased by increasing concentration of Ce(IV) till optimum
concentration ranged from 0.0008 to 0.0012 M and therefore,
0.001 M of Ce(IV) solution was selected for determination of

F uced
d

ig. 1. Excitation and emission spectra of 1�g/ml chlorpromazine HCl (1
nd thioridazine (2) induced by oxidation with 0.001 M Ce(IV) and spe
f reagent blank (3).
ig. 3. Effect of Ce(IV) concentration on the fluorescence intensity ind
ue oxidation of chlorpromazine HCl and clomipramine HCl; 1�g/ml.
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Fig. 4. Effect of sulfuric acid concentration on the fluorescence intensity in-
duced due oxidation of chlorpromazine HCl and clomipramine HCl; 1�g/ml
using Ce(IV).

phenothiazines. On the other hand, the optimum concentra-
tion for clomipramine HCl was found to range from 0.0015 to
0.0025 M. Therefore, concentration 0.002 M of Ce(IV) was
chosen as optimum concentration for determination of diben-
zazepines.

3.1.2. Effect of acid type and concentration
The oxidation reactions of Ce(IV) have to be performed in

acid medium to prevent precipitation of Ce(OH)3. Different
acids such as, sulphuric acid, hydrochloric acid, nitric acid,
perchloric acid and acetic acid were tested to determine the
most suitable acid for the reaction. Nitric acid is not preferred
to be used owing to the inhibitory effect of nitrate ions on the
fluorescence of Ce(III)[57]. In the presence of hydrochloric
acid, perchloric acid and sulphuric acid the reaction rate and

F e(IV)
a

Fig. 6. Effect of heating time on fluorescence intensity induced Ce(IV) after
oxidation of clomipramine hydrochloride; 1�g/ml.

the fluorescence of Ce(III) were found to be high. However,
hydrochloric acid and perchloric acid gave high blank read-
ings, so sulphuric acid was selected in this study. The effect
of sulphuric acid concentration on the fluorescence intensity
was studied using concentration ranged from 0.05 to 0.5 M
(Fig. 4). It was found that the relative fluorescence inten-
sity increased by increasing sulphuric acid concentration till
0.25 M (in case of chlorpromazine HCl) and 0.4 M (in case
of clomipramine HCl). So these concentrations of sulphuric
acid were used for subsequent work.

3.1.3. Effect of heating time and temperature
The influence of different heating temperatures and heat-

ing times were studied using a thermostatically controlled
water bath.Figs. 5 and 6show effect of heating time at three
different temperatures 25, 60 and 100◦C for chlorpromazine

F oxi-
d

ig. 5. Effect of heating time on fluorescence intensity induced by C
fter oxidation of chlorpromazine hydrochloride; 1�g/ml.
ig. 7. Effect of stability time on fluorescence intensity induced due to
ation of chlorpromazine HCl and clomipramine HCl;1�g/ml by Ce(IV).
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Table 1
Quantitative parameters and statistical data for spectrofluorimetric determination of the studied drugs by oxidation using Ce(IV)

Drug Linearity range (�g/ml) LOD LOQ Slope (S.D.) Intercept (S.D.) Correlation coefficient

(1) Chlorpromazine HCl 0.05–1.30 0.036 0.119 117.4 (1.9) 1.2750 (1.402) 0.9983
(2) Thioridazine HCl 0.05–1.30 0.035 0.116 114.8 (1.7) 2.5832 (1.332) 0.9986
(3) Clomipramine HCl 0.05–1.10 0.038 0.125 106.9 (2.1) 3.6431 (1.336) 0.9990
(4) Imipramine HCl 0.05–1.20 0.035 0.117 118.4 (2.0) 2.7882 (1.381) 0.9982
(5) Desipramine HCl 0.05–1.20 0.036 0.119 116.3 (1.9) 3.4541 (1.383) 0.9984

LOD: Limits of detection (�g/ml); LOQ: limits of quantitation (�g/ml).

HCl and clomipramine HCl, respectively. It was found that
the relative fluorescence intensity increases by increasing
time at room temperature (25◦C) and when heating to 60◦C.
On the other hand, when heating at 100◦C maximum relative
fluorescence intensity was obtained after 10 min for phenoth-
iazines and after 20 min for dibenzazepines. These optimum
heating conditions were used for subsequent work.

3.1.4. Effect of stability time
The stability of the formed fluorescent products was stud-

ied. The results are shown inFig. 7. It was found that the
induced fluorescence remained stable for more than 30 min.

3.1.5. Effect of diluting solvents
Solvents such as; water, methanol, ethanol, propanol and

acetonitrile were tried for dilution of reaction mixture. It
was found that maximum fluorescence intensity was obtained
when using water as dilution solvent.

3.2. Validation of the proposed method

3.2.1. Linearity, detection and quantitation limit
Under the proposed experimental conditions, the rela-

tionship between the relative fluorescence intensity and
concentration for each studied drug was quite linear in
t ),
s and

limits of quantitations for all the studied drugs are summa-
rized in Table 1. Limits of detection (LOD) and limits of
quantitation (LOQ) for all the analytes were calculated as
follow [60]; LOD or LOQ =KS.D.a/b

Where;K= 3 for LOD,K= 10 for LOQ, S.D.a is the stan-
dard deviation of intercept andb is the slope. Results in
Table 1indicate that thioridazine HCl showed the best de-
tection and quantitation limits. The slopes of the calibration
curves reflect the sensitivity of the proposed procedures. Re-
sults listed inTable 1indicate high sensitivity and low back-
ground effect of the method.

3.2.2. Precision
The precision of the proposed method was checked by

replicate analysis of ten separate solutions of working stan-
dards at three different concentration levels for the studied
phenothiazines and dibenzazepines (Table 2).The relative
standard deviations were found to be less than 1.5% indi-
cating reasonable repeatability of the proposed method[60].
Intermediate precision was studied using within-laboratory
variations as the use of analytical procedures on differ-
ent days (%R.S.D. = 1.121) and with different analysts
(%R.S.D. = 1.290) indicating reasonable results.

3.2.3. Selectivity
s of

t ients
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he concentration range 0.05–1.3�g/ml. The intercepts (a
lopes (b), correlation coefficients, limits of detections

able 2
esults of analysis of the studied phenothiazines and dibenzazepine

rug Concentration (�g/ml)

hlorpromazine HCl 0.1
0.5
1.0

hioridazine HCl 0.1
0.5
1.0

lomipramine HCl 0.1
0.5
1.0

mipramine HCl 0.1
0.5
1.0

esipramine HCl 0.1
0.5
1.0

a Average of 10 determinations.
In order to access the possible analytical application
he proposed method the effect of some common excip

ee different concentration levels

Meana ± S.D. R.S.D

99.22± 1.474 1.486
99.45± 1.386 1.394
99.77± 1.103 1.106

99.59± 1.474 1.480
99.08± 1.278 1.290

100.16± 1.059 1.056

99.47± 1.470 1.478
99.91± 1.433 1.434
99.69± 1.153 1.157

99.86± 1.349 1.351
99.14± 1.288 1.299
98.71± 1.014 1.027

100.06± 1.463 1.462
100.22± 1.286 1.283
99.49± 1.152 1.158
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Table 3
Tolerance of the proposed method to interference

Additives Chlorpromazine HCla Clomipramine HCla

Tolerance molar ratio (M/M) %Recoveryb Tolerance molar ratio (M/M) %Recoveryb

(1) Sucrose 100 102.51 100 103.02
(2) Lactose 90 102.61 80 103.18
(3) Glucose 80 103.10 60 103.29
(4) Citric acid 6 103.27 4 102.67
(5) Propylene glycol 2 103.40 1 103.83
(6) Gum acacia 60 103.50 60 103.12
(7) Gum tragacanth 60 102.91 50 103.54

a Concentration used 3× 10−3 M.
b Average of four determinations.

used in pharmaceutical preparations were studied by an-
alyzing sample solutions containing a fixed amount of
clomipramine HCl or chlorpromazine HCl (3× 10−3 M) with
various amounts of each excipient. The studied tablet ex-
cipients were sucrose, glucose, lactose, gum acacia, citric
acid and propylene glycol. Results are listed inTable 3.
The recovery results show that no serious interferences oc-
curred from the classical additives tested. The tolerance
ratio of each foreign compound was taken as the largest
amount yielding an error of not less than±4% [57]. The

proposed method is able to access the analyte in the pres-
ence of common excipients and hence, it can be considered
selective.

3.2.4. Robustness
It was examined by evaluating the influence of small

variation of method variables including; concentration of
Ce(IV), sulphuric acid concentration, heating time and tem-
perature on the method suitability and sensitivity. Results are
shown inTable 4. It was found that non of these variables

Table 4
Robustness of the proposed spectrofluorimetric method

Variation %Recovery± S.D.

Chlorpromazine HCla Thioridazine HCla Clomipramine HCla Imipramine HCla Desipramine HCla

No variationb 99.7± 0.92 99.4± 0.89 100.3± 0.82 99.6± 0.88 99.1± 0.76

(1) Ce(IV) concentration
For phenothiazines

8× 10−4 M 99.3 ± 0.66 99.6± 0.61
12× 10−4 M 99.5 ± 0.92 99.9± 0.88

For dibenzazepines
18× 10−4 M 99.7 ± 0.62 99.3± 0.91 98.7± 0.60
22× 10−4 M 100.5± 0.77 98.9± 0.77 99.2± 0.78

(2) H2SO4

For phenothiazines

F

(

(
F

F

0.20 M 99.2± 0.98 99.3± 0.88
0.30 M 99.7± 0.90 98.7± 0.64

or dibenzazepines
0.35 M
0.45 M

3) Heating temperature
100◦C 99.8± 0.59 99.4± 0.90
95◦C 99.1± 0.99 99.5± 0.82

4) Reaction time (min)
or phenothiazines

8 min 99.5± 0.69 99.1± 0.98
12 min 100.2± 0.79 99.7± 0.71

or dibenzazepines
18 min
22 min

a Drug concentration used 1�g/ml.
b Results using general assay procedure conditions.
99.4± 0.99 100.2± 0.97 99.7± 0.75
98.9± 0.92 98.7± 0.76 99.1± 0.60

100.2± 0.91 99.4± 0.80 99.3± 0.90
100.6± 0.83 98.9± 0.77 98.6± 0.95
100.1± 0.91 99.8± 0.74 98.9± 0.90
100.5± 0.80 99.6± 0.77 98.5± 0.90
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Table 5
Determination of studied drugs in some pharmaceutical preparations using proposed and official methods

Product Ingredient (content, mg) % Recoverya ± S.D. F-value t-Value

Proposed method Official method

(1) Promacid (tablets)b Chlorpromazine HCl (100 mg) 99.17± 0.794 100.23± 0.978 1.516 1.871
(2) Neurazine (tablets)b Chlorpromazine HCl (100 mg) 98.90± 0.87 100.07± 0.765 1.305 2.245
(3) Melleril retard (tablets)c Thioridazine HCl (30 mg) 99.37± 0.67 100.36± 1.058 2.499 1.770
(4) Melleril retard (tablets)c Thioridazine HCl (200 mg) 99.44± 0.64 100.12± 1.043 2.655 1.238
(5) Desipramine (mixture)a,d Desipramine HCl (25 mg) 99.71± 0.90 100.39± 1.047 1.360 1.099
(6) Tofranil (tablets)b Imipramine HCl (25 mg) 99.46± 0.87 99.03± 1.035 1.430 0.904
(7) Supranil (capsules)c Clomipramine HCl (50 mg) 99.23± 0.62 98.97± 1.072 2.950 0.475
(8) Supranil (capsules)c Clomipramine HCl (25 mg) 99.68± 0.85 99.31± 1.33 2.417 0.521
(9) Anafranil SR (tablets)c Clomipramine HCl (75 mg) 99.47± 0.71 98.70± 1.24 3.070 1.209
(10) Anafranil (tablets)c Clomipramine HCl (25 mg) 98.63± 1.04 99.21± 1.28 1.520 0.777

Theoritical values at 95% confidence limit;t= 2.306,F= 6.388.
a Average of five determination± S.D.
b USP 2002[60].
c BP 98[61].
d Laboratory prepared mixture.

Table 6
Percent recovery of standard drugs added to their commercial dosage forms

Drug Dosage form Declared amount (mg) Amount added (mg) %Recoverya ± S.D.

(1) Chlorpromazine HCl Promacid (tablets) 100 100 98.65± 1.09
150 99.61± 0.91

(2) Thioridazine HCl Melleril retard (tablets) 30 30 99.41± 1.25
45 98.72± 0.83

(3) Desipramine HCl Lab. prepared mix. 25 25 99.50± 0.75
50 99.71± 0.85

(4) Imipramine HCl Tofranil (tablets) 25 25 98.82± 0.91
50 99.56± 1.08

(5) Clomipramine HCl Anafranil (tablets) 25 25 100.22± 0.95
50 99.16± 0.87

Supranil (capsules) 25 25 99.25± 0.66
50 99.01± 0.72

a Average of five determinations.

significantly affect the method. This provides an indication
of the reliability of the proposed method during normal usage
and so the proposed spectrofluorimetric method considered
robust.

3.3. Application on pharmaceutical preparations

Some commercial dosage forms of the studied drugs
were successfully analyzed by the proposed and official
methods. Recovery experiments were performed for each
drug in its dosage forms or laboratory prepared mixtures.
The results are listed inTable 5, which indicate that
common excipients and additives did not interfere with
the determination. It is clear from the table that there
is no significant difference between results obtained by
the proposed or official methods, as indicated byt- and
F-tests.

In addition recovery experiments were carried out for the
studied drugs in their respective pharmaceutical formulations
by standard addition method. The results inTable 6indicate
that there is no interference from frequently encountered ex-
cipients or additives. The proposed method is sensitive, ac-

curate and precise. It is suitable for analysis of the studied
drugs in their dosage forms and application in quality control
laboratories.

3.4. Conclusion

The present work describes a validated spectrofluorimet-
ric method for the assay of some psychoactive drugs with-
out interference from common excipients. Hence, it can be
recommended for the routine quality control of the studied
psychoactive drugs either in bulk or in their corresponding
dosage forms. The methodology appears to be straightfor-
ward and results are relevant. Another advantage is that,
compared to the existing spectrofluorimetric methods for de-
termination of the studied psychoactive drugs it is several
times more sensitive. From economic point of view, the pro-
posed method is simple, rapid and inexpensive besides the
use of water as dilution solvent. So it is a good alternative to
the reported methods and to high cost HPLC methods. A part
from that, the possibility of oxidation of readily oxidizable
drugs by Ce(IV) does not exist since the studied drugs are
not prescribed in combinations.



146 F.A. Mohamed et al. / Journal of Pharmaceutical and Biomedical Analysis 39 (2005) 139–146

References

[1] G.A. Gilman, W.T. Rall, S.A. Nies, P. Taylor, The Pharmacological
Basis of Therapeutics, ninth ed., McGraw-Hill, New York, 1996, pp.
399–415.

[2] J.M. Garciafraga, A.I. Jimenz Abizanda, F. Jimenez Moreno, F.
Arias, J. Pharm. Biomed. Anal. 9 (1991) 105–115.

[3] H. Trabelis, F. Raouafi, M. Limam, K. Bouzouita, J. Pharm. Biomed.
Anal. 29 (2002) 239–242, 36 (1989).

[4] H.A. Mohamed, H.Y. Hassan, A.M.I. Mohamed, S.A. Hussein, Anal.
Lett. 25 (1992) 63–71.

[5] P. Umpathi, P. Parimoo, J. Pharm. Biomed. Anal. 13 (1995)
1003–1005.

[6] P.A. Bakurdesai, A.V. Kasture, Ind. Drugs 31 (1994) 219–221
(Through Anal. Abstr., 57 (1995), 1G86).

[7] B. Morelli, Anal. Lett. 29 (1996) 1551–1553.
[8] K. Kitamura, T. Goto, T. Kitade, Talanta 46 (1998) 1433–1438.
[9] K. Kitamura, H. Mano, Y. Tadokoro, K. Tsuruta, S. Kitagowa,

Frensenius J. Anal. Chem. 358 (1997) 509–513.
[10] M.M. El-Kerdawy, S.M. Hassan, S.M. El-Ashry, Mikrochim. Acta

108 (1992) 323–328.
[11] A.E.M.I. Mohamed, Talanta 44 (1997) 1173–1176.
[12] W. Misiuk, M. Tarasiewicz, Pharmazie 51 (1996) 62–64.
[13] T. Aman, A. Ali, I. Khokhar, A. Rashid, Mikrochim. Acta 126 (1997)

295–298.
[14] M. Tarasiewicz, L. Kuymicka, Anal. Lett. 29 (1996) 929–936.
[15] B. Starczewska, J. Karpinska, Anal. Lett. 29 (1996) 2475–2486.
[16] J. Karpinska, Anal. Lett. 33 (2000) 1555–1566.
[17] K. Basavaiah, G. Krishnamurthy, Talanta 46 (1998) 665–670.
[18] M. Rizk, N.A. Zakhari, F. Ibrahim, M.I. Walash, Mikrochim. Acta

[ 6.
[ –37.
[
[ 256

[ 38

[ . 20

[ cta

[ arm.

[ 3)

[ 83)

[ 86)

[
[ 8)

[32] X.P. Lee, T. Kumazawa, K. Sato, O. Zuzuki, J. Chromatogr. Sci. 35
(1997) 302–308.

[33] T.W. Ryan, J. Liq. Chromatogr. 16 (1993) 1545–1560.
[34] S. Bouquet, S. Guyon, G. Chapeler, G.M.C. Perouit, D. Barthes, J.

Liq. Chromatogr. 15 (1992) 1993–2001.
[35] S.M. Wu, W.K. Ko, H.L. Wu, S.H. Chen, J. Chromatogr. A 846

(1999) 239–243.
[36] M. Aravagiri, S.R. Marder, T. Vanputten, B.D. Marshall, Chromatogr.

B., Biomed. Appl. 656 (1994) 373–381.
[37] G.T. Vatassey, L.A. Holdes, M.W. Dysken, J. Anal. Toxic. 17 (1993)

304–306.
[38] M. El-Sayed, S.H. Khidr, E.M. Nlazy, J. Chromatogr. Relat. Tech.

19 (1996) 125–134.
[39] F. Beigi, P. Lundahl, J. Chromatogr. A 852 (1999) 313–315.
[40] C.M. Gaitani, A.S. Martinez, P.S. Bonato, J. Pharm. Biomed. Anal.

36 (2004) 601–607.
[41] M.C. Quitana, M.H. Blanco, J. Lacal, L. Hernandez, Talanta 59

(2003) 417–420.
[42] K.K.E. Johansen, J. Pharm. Biomed. Anal. 16 (1998) 1159–1169.
[43] J. Karpinska, A. Kojlo, A. Grudniewska, H. Puzanowska-

Tarasiewicz, Pharmazie 51 (1996) 950–954.
[44] M. Polasek, J. Dolejsova, R. Karlicek, Pharmazie 53 (1998) 168–172.
[45] D. Chen, A. Rios, M.D. Luque de Castro, M. Valcarcel, Talanta 38

(1991) 1227–1233.
[46] T. Perez-Ruiz, C. Martinez-Lezano, A. Sanz, C. Alonso, Talanta 41

(1994) 1523–1527.
[47] J.L. Lopaz-Paz, A. Townshend, Anal. Commun. 33 (1996) 31–

33.
[48] G.M. Meenan, S. Barlotto, M.H.N. Lehrer, J. Anal. Toxico. 14 (1990)

273–276 (Through Anal. Abstr., 54 (1992), 1G41).
[49] R. Krulik, J. Exner, K. Fuksova, D. Pichova, D. Beitlova, J. Eur. J.

[ 15

[ 4.
[
[ 51

[ 66

[ Car-

[ .
[
[ try,

3.
[ illy,

[ peial
05,

[ pp.
(1989) 355–363.
19] A.M. Horria, H.R. Ibrahim, Bull. Pharm. Sci. 22 (1999) 191–19
20] H.L. Rau, A.R. Aroor, P.G. Rao, Ind. J. Pharm. Sci. 53 (1991) 31
21] F.A. Mohamed, Anal. Lett. 28 (1995) 2491–2497.
22] J. Martinez-catalayud, C. Gomez-Benito, Anal. Chim. Acta

(1992) 105–112.
23] D. Chen, A. Rios, M.D. Luque-de Castro, M. Valcarcel, Talanta

(1991) 1227–1232.
24] M.C. Gutierrez, A. Gomez-Hens, D. Perez-Bendito, Anal. Lett

(1987) 1847–1852.
25] M. Gajewska, J. Iliaszenko, M. Sokolowska, M. Muszynka, A

Pol. Pharm. 44 (1992) 17–20.
26] M.P. San Andres, D. Sililia, S. Rubio, D. Perez-Bendito, J. Ph

Sci. 87 (1998) 821–826.
27] M.I. Walash, M. Rizk, A.M. Abou-ouf, F. Belal, Analyst 108 (198

626–632.
28] E.P. Diamandis, T.K. Christopoulos, Anal. Chim. Acta 152 (19

281–285.
29] N.A. Zakhari, K.A. Kovar, J. Assoc. Off. Anal. Chem. 69 (19

620–625.
30] V.V. Cosofret, R.B. Buck, Analyst 109 (1984) 1321–1327.
31] K. Kadej, A. Parczewsk, M. Kala, Mikrochim. Acta 129 (199

121–126.
Clin. Chem. Clin. Biochem. 29 (1991) 827–832.
50] I. Biryol, B. Uslu, Z. Kucukyavuz, J. Pharm. Biomed. Anal.

(1996) 371–381.
51] M. Khodari, A. Ali, N.A. El-Maali, Anal. Lett. 26 (1993) 1099–110
52] G.M. Greenway, S.J.L. Dolman, Analyst 124 (1999) 759–762.
53] Y.Y. Xue, Y.H. He, J.R. Lu, Fenxi Shiyanshi 18 (1999) 49–

(Through Anal. Abstr., 61 (1999), 9G74).
54] T. Fujii, Y. Kurlhara, H. Arimoto, Y. Mitsutsuka, Anal. Chem.

(1994) 1884–1889.
55] T. Perez-Ruiz, C. Martinez-Lozano, V. Tomas, C. Sidrach de

dona, Talanta 40 (1993) 1361–1365.
56] M. Sanchez, J.J. Sanchez-Aibar, Analyst 12 (1996) 1581–1585
57] P.Y. Kashaba, J. Pharm. Biomed. Anal. 27 (2002) 923–932.
58] A.R. Katritzky, A.J. Boulton, Advances in Heterocyclic Chemis

vol. 9, Academic Press, New York, London, 1968, pp. 342–34
59] B. Renfroe, C. Harrington, G.R. Proctor, Azepines, Part I, W

New York, 1984, pp. 535–537.
60] United States Pharmacopeia XXV and NF XX, US Pharmaco

Convention INC.,Twinbrook Parkway, Rockville, MD, 2002, pp. 4
513, 896 and 2256.

61] British Pharmacopeia 1998, H.M. Stationary Office, London,
518, 660, 1565, 1584, 1623, 1748 and 1968.


	A validated spectrofluorimetric method for determination of some psychoactive drugs
	Introduction
	Experimental
	Instrumentation
	Reagents and solutions
	Materials
	Ceric ammonium sulphate solution
	Solvents

	Standard drug solution
	Preparation of sample
	Tablets and capsules

	General assay procedure

	Results and discussion
	Optimization of variables
	Effect of Ce(IV)concentration
	Effect of acid type and concentration
	Effect of heating time and temperature
	Effect of stability time
	Effect of diluting solvents

	Validation of the proposed method
	Linearity,detection and quantitation limit
	Precision
	Selectivity
	Robustness

	Application on pharmaceutical preparations
	Conclusion

	References


