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Abstract

Simple, rapid and sensitive spectrophotometric procedures were developed for the analysis of atenolol, timolol
maleate, propranolol hydrochloride, metoprolol tartarate, betaxolol hydrochloride, levobunolol hydrochloride and
bisprolol fumarate in pure form as well as in their pharmaceutical formulations. The methods are based on the
reaction of these drugs as n-electron donors with the sigma-acceptor iodine, and the pi-acceptors: 7,7,8,8-tetra-
cyanoquinodimethane, 2,3-dichloro-5,6-dicyano-1,4-benzoquinone, tetracyanoethylene, 2,3,5,6-tetrabromo-1,4-benzo-
quinone (bromanil) and 2,3,5,6-tetrachloro-1,4-benzoquinone (chloranil). The obtained charge-transfer complexes
were measured at 365 nm for iodine (in 1,2-dichloroethane), at 840, 420, and 470 nm for 7,7,8,8-tetracyan-
oquinodimethane, tetracyanoethylene and 2,3-di-chloro-5,6-dicyano-1,4-benzoquinone (in acetonitrile), respectively,
and at 450 and 440 nm for bromanil and chloranil (in ethanol), respectively. Due to the rapid development of colors
at ambient temperature, the obtained results were used on thin-layer chromatograms for the detection of the
investigated drugs. Beer’s plots were obeyed in a general concentration range of 4–120 �g ml−1 with correlation
coefficients not less than 0.9991. The proposed procedures could be applied successfully to the determination of the
investigated drugs in tablets and ophthalmic solutions with good recovery; percent ranged from 98.03�0.98 to
100.30�0.90. The association constants and standard free energy changes using Benesi–Hildebrand plots were
studied. © 2002 Elsevier Science B.V. All rights reserved.
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1. Introduction

�-Adrenergic blocking drugs; atenolol (1), timo-
lol maleate (2), propranolol hydrochloride (3),
metoprolol tartarate (4), betaxolol hydrochloride
(5), levobunolol hydrochloride (6) and bisprolol
fumarate (7) are chemical agents that exert their

principle pharmacological and therapeutic effects
by acting at peripheral sites to either enhance or
reduce the activity of components of the sympa-
thetic division on autonomic nervous system [1].
�-Adrenergic blocking drugs (1–7) are used
mainly in angina pectorals, certain arrhythmia,
systematic hypertension and other cardiovascular
disorders, such as atrial fibrillation, flutter, my-
ocardial infarction and sinus tachycardia [2]. Sev-
eral methods have been described for the
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Table 1
The chemical structure of the investigated �-adrenergic block-
ing agents.

Fig. 1. Absorption spectrum of propranolol hydrochloride (18
�g ml−1) with iodine in 1,2-dichloroethane. Blank: 1,2-
dichloroethane.

Scheme 1.

quantitative determination of the �-adrenergic
blocking agents including; spectrophotometric [3–
15], fluorometric [16–19], chromatographic [20–
26], titrimetric [27,28] and electrochemical [29–31]
methods.

The molecular interactions between electron
donors and acceptors are generally associated
with the formation of intensity colored charge-
transfer complexes, which absorb radiation in the
visible region [32]. The photometric methods
based on these interactions are usually simple and
convenient because of the rapid formation of the
complexes. �-Adrenergic blocking drugs (1–7) are

Fig. 2. Absorption spectrum of propranolol hydrochloride (20
�g ml−1) with TCNQ in acetonitrile. Blank: acetonitrile.

Table 2
Optimum reaction conditions for the studied drugs with various acceptors

Parameter TCNEBromanil TCNQDDQChloranilIodine

C CB CSolvent BA
Time (min) 5 5 20 15 20 40
Wavelength (nm) 840420450470365 440

A, 1,2-dichloroethane; B, ethanol; C, acetonitrile.
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Scheme 2.

good n-electron donors and will form charge-
transfer complexes with sigma or pi-acceptors.

pi-Acceptors such as 7,7,8,8-tetracyano-
quinodimethane (TCNQ), tetracyanoethylene
(TCNE), 2,3-dichloro-5,6-dicyano-1,4-benzo-
quinone (DDQ), 2,3,5,6-tetrabromo-1,4-ben-
ziquinone (bromanil) and 2,3,5,6-terachloro-1,4
benzoquinone (chloranil) are known to yield
charge-transfer complexes and radical anions with
a variety of electron donors [32–34].

The reported spectrophotometric methods are
either non-specific, time consuming, indirect, or
suffering from the disadvantage of low sensitivity.
In addition, most of the published assay methods
for �-adrenergic blocking drugs were suggested
for their determination in biological fluids rather
than in pharmaceutical preparations.

This study describes simple, direct, sensitive,
accurate and precise spectrophotometric methods
for the determination of atenolol, timolol maleate,
propranolol hydrochloride, metoprolol tartarate,
betaxolol hydrochloride, levobunolol hydrochlo-
ride and bisprolol fumarate via reaction with
sigma and pi-acceptors in their common dosage
forms and irrespective of the presence of contami-
nants and additives.

2. Experimental

2.1. Apparatus

Spectronic Genesys 2PC, Ultraviolet-Visible
Spectrophotometer (Milton Roy Co., USA) with
matched 1 cm quartz cuvettes was used. All calcu-
lations were carried out on an IBM computer
using the statistical methods in analytical chem-

istry (SMAC) program, designed by Meier and
Zund [35].

2.2. Materials and reagents

All solvents used were of analytical-reagent
grade. Suppliers were as follows: atenolol and
propranolol hydrochloride (Kahira Pharm. &
Chem. Ind. Co., Cairo, Egypt), bisprolol fumarate
(Amoun Pharm. Co., Cairo, Egypt), timolol
maleate (Egyptian Int. Pharm. Ind. Co., Tenth of
Ramadan city, Egypt), metoprolol tartarate
(Chem. Ind. Develop. Co., Cairo, Egypt),
levobunolol hydrochloride (Allergan West Port,
Co. Mayo, Ireland), and betaxolol hydrochloride
(Alcon Co., Cairo, Egypt).

Iodine, resublimed (Riedel-De-Haen AG, Ger-
many), was 25.5 mg per 50 ml (1×10−3 M) in
1,2-dichloroethane. The solution was found to be
stable for at least 1 week at 5 °C. TCNQ (Sigma
Chemical Co., USA) was 1 mg ml−1 in acetoni-
trile. The solution was found to be stable for at
least 1 week at 5 °C. DDQ (Sigma Chemical Co.)

Fig. 3. Absorption spectrum of propranolol hydrochloride (24
�g ml−1) with TCNE in acetonitrile. Blank: acetonitrile.
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Scheme 3.

was 1 mg ml−1 in acetonitrile. Bromanil from
Hopkin & Williams Ltd (UK) was 2 mg ml−1 in
ethanol, chloranil from Aldrich Co., USA, was 3
mg ml−1 in ethanol and TCNE (Naacalai Tesque,
Kyoto, Japan) was 1 mg ml−1 in acetonitrile,
prepared fresh daily.

The adsorbent was silica gel G254-precoated
plates, and the solvent system was; n-
propanol:water:ethylacetate (80:25:10).

2.3. Pharmaceutical formulations

The following commercial dosage forms were
subjected to the analytical procedure. Betaloc®

tablets, Batch No. 900105 (Chem. Ind. Develop.
Co.), labeled to contain 100 mg metoprolol tar-
tarate per tablet. Concor® tablets, Batch No. 176
(Amoun Pharm. Co.), labeled to contain 10 mg
bisprolol fumarate per tablet. Timolol® oph-
thalmic solution, Batch No. 013162 (Egyptian Int.
Pharm. Ind. Co.), labeled to contain 5 mg timolol
maleate per each ml ophthalmic solution. Beta-
gan® ophthalmic solution, Batch No. E 15636
(Allergan WestPort, Co.), labeled to contain 5 mg
levobunolol hydrochloride per 100 ml of the oph-
thalmic solution. Inderal® tablets, Batch No.
0010852, and Tenormin® tablets, Batch No.
0110275 (Kahira Pharm. & Chem. Ind. Co.), la-
beled to contain 40 and 50 mg propranolol hydro-
chloride and atenolol per tablet, respectively.
Betoptic® ophthalmic solution, Batch No. 230600,
(Alcon Co.), labeled to contain 0.56% betaxolol
hydrochloride per each ml.

2.4. Procedures

2.4.1. Preparation of standard stock solutions
Into a 50-ml calibrated flask, 20–200 mg drug

was weighed accurately and dissolved in 2 ml
ethanol, completed to volume with the same sol-
vent (for bromanil and chloranil), with 1,2-

dichloroethane (for iodine) and with acetonitrile
(for DDQ, TCNE and TCNQ), and diluted quan-
titatively to obtain the suitable concentrations.

2.4.2. General analytical procedure
In 10 ml calibrated flasks, place aliquot vol-

umes containing 30–2000 �g drug. Add 1 ml of
the reagent and dilute to the mark with the corre-
sponding solvent (Tables 1 and 2). Measure the
absorbance of the solution at the wavelength of
maximum charge-transfer bands after the appro-
priate time at 25 °C�5 against reagent blank
treated similarly.

2.4.3. Stoichiometric study
Job’s method of continuous variation [36] was

employed. Master equimolar solutions of each
drug with iodine ((2.0–3.8)×10−4 M), DDQ
(1.0×10−3 M), TCNQ ((5.1–5.7)×10−4 M),
TCNE (2.0×10−3 M), bromanil (1.0×10−3 M)
and chloranil (1.5×10−3 M) were prepared in 2.0
ml ethanol, and completed to volume with the
same solvent (for chloranil and bromanil), with
1,2-dichloroethane (for iodine) and with acetoni-
trile (for DDQ, TCNE and TCNQ). A series of
10-ml portions of master solutions of each drug
with the respective acceptor was made up com-
prising different complementary proportions
(0:10, 1:9, 2:8……9:1) in 10-ml calibrated flasks.

Fig. 4. Absorption spectrum of propranolol hydrochloride (16
�g ml−1) with chloranil in ethanol. Blank: ethanol.
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Scheme 4.

The absorbance of the resulting solutions were
measured at the wavelength of maximum absorp-
tion after the appropriate time (Table 2), against
reagent blanks treated similarly.

2.4.4. Analysis of tablets
Twenty tablets of the drug were weighed and

powdered. A quantity of the powdered tablets
equivalent to about 50 mg drug was transferred
into a 50 ml calibrated flask. Then, the procedure
is followed as under Section 2.4.2.

2.4.5. Analysis of drops
Dilute an appropriate volume of the solution in

a volumetric flask so as to contain 1 mg ml−1.
Proceed as directed under tablets.

3. Results and discussion

3.1. Reaction with sigma acceptor; iodine

The immediate change of the violet color of
iodine in 1,2-dichloroethane (520 nm) to a lemon
yellow upon reaction with the investigated com-
pounds was taken as suggestive of charge transfer
complex formation which justified scanning in the
UV range for the new bands (Fig. 1). The com-
plex formation is distinguished from other slow
oxidation or substitution reactions of the halogen
with the �-adrenergic blocking drugs, by being
practically instantaneous, in analogy to ionic reac-
tions. Further conformation of the charge-transfer
nature of the reaction was obtained on extracting
the drugs from the complex by shaking with
aqueous mineral acid, whereby the violet color of
iodine in 1,2-dichloroethane was restored.

The appearance of absorption peaks at 290 and
365 nm was attributed to the formation of a

charge-transfer complex between the investigated
�-adrenergic blocking drugs and iodine, having an
ionized structure DI+…I3

−, taking into account
that the spectrum of I3

− in 1,2-dichloroethane
shows two absorption maxima at 290 and 365 nm.

This complex should originate from an early
intermediate outer complex D….I2 Scheme 1.

Measurements were carried out at 365 nm due
to the interference from the native UV absorption
of the studied �-adrenergic blocking drugs at 290
nm. The different variables were studied and
optimized.

1,2-Dichloroethane was found to be an ideal
solvent for the formation of a tri-iodide ion pair
(inner complex). Methylene chloride, chloroform
and carbontetrachloride produced lower ab-
sorbance readings. Polar solvents were found to
be unsuitable as their blanks with iodine gave
high absorbances.

The regression equations were derived using the
least-squares methods [37].

3.2. Reaction with pi-acceptors

3.2.1. Reaction with TCNQ
The acetonitrile solution of �-adrenergic block-

ing drugs (Lewis base) when mixed with acetoni-

Fig. 5. Absorption spectrum of propranolol hydrochloride (60
�g ml−1) with bromanil in ethanol. Blank: ethanol.
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Scheme 5.

trile solution of TCNQ acceptor (Lewis acid), an
intense bluish green color was developed in the
visible region showing minor bands at 730, 648
and 668 nm, and the major bands at 840, 825, 762
and 742 nm (Fig. 2). These bands have been
attributed to the formation of TCNQ radical an-
ion, which is formed by complete transfer of
n-electron from the donor to the electron deficient
pi-acceptor TCNQ. The reaction may be sug-
gested in Scheme 2.

3.2.2. Reaction with TCNE
The presence of TCNE radical anion has been

detected by optical spectroscopy showing the
characteristic two wavelengths at 400 and 420 nm
(Fig. 3). In most of these instances, radical forma-
tion was attributed to dissociation of the charge-
transfer complex with a complete one-electron
transfer from the drug donor to TCNE acceptor.
The proposed mechanism is illustrated in Scheme
3.

The reaction mixture (donor+acceptor) was
essential to attain reproducible results. The period
of time allows the complete change of the molecu-
lar complex (outer complex) into the inner com-
plex having radical ions formation, which is
responsible for the observation of the produced
wavelength.

3.2.3. Reaction with chloranil
On studying the absorption curves for �-adren-

ergic blocking drug, chloranil, and drug–chloranil
charge transfer complex, the wavelength was ex-
hibited at 440 nm. Fig. 4 indicates the formation
of charge-transfer complex. The formed new band
was attributed to an electron transfer complexa-
tion reaction between �-adrenergic blocking drug
as n-donor and chloranil as electron acceptor
followed by formation of radical ions. The pro-
posed mechanism is illustrated in Scheme 4.

3.2.4. Reaction with bromanil
The interaction of any of the investigated �-

adrenergic blocking drugs with bromanil accep-
tor, produce a colored charge-transfer complexes
of intensely colored radical ions with high molar
absorptivity values at 450 nm (Fig. 5). The pro-
posed mechanism is illustrated in Scheme 5.

3.2.5. Reaction with DDQ
The interaction of all studied drugs with DDQ

in acetonitrile at room temperature gave a colored
chromogen with a strong absorption maximum at
470 nm (Fig. 6). Different variables were studied
and optimized. The proposed mechanism is illus-
trated in Scheme 6.

3.3. Stoichiometry of the reaction

On studying the molar ratio of the studied
�-adrenergic blocking drugs (1–7) with iodine,
chloranil, bromanil, DDQ, TCNQ or TCNE, us-
ing Job’s method of continuous variation [36], it
was found to be 1:1. This indicates that only one
nitrogen is responsible for the formation of the
complex.

Fig. 6. Absorption spectrum of propranolol hydrochloride
(100 �g ml−1) with DDQ in acetonitrile. Blank acetonitrile.



H. Salem / J. Pharm. Biomed. Anal. 29 (2002) 527–538 533

Scheme 6.

3.4. Reagent concentration

It was found that, the most suitable volume
for carrying the assays was 1 ml of the above
reagents stock solutions (under Section 2.2) of
either iodine, chloranil, bromanil, DDQ, TCNQ
or TCNE, respectively with the �-adrenergic
blocking drugs. The higher concentrations used
of the reagents may be useful concentrations for
rapidly reaching equilibrium, thus minimizing
the time required to attain maximum absorbance
readings at the corresponding maxima.

3.5. Reaction time

The reaction time was determined by follow-
ing the absorbances of the developed color at
different time intervals at ambient temperature
(25�5 °C). Complete color development was
attained instantaneously or after 5–40 min with
all compounds investigated (Table 2), and the
color remains stable for at least a further 10–30
min.

3.6. Association constants and standard free
energy changes

The association constants were calculated for
the interaction of each drug with either iodine,
chloranil, bromanil, TCNE,TCNQ or DDQ
complex using Benesi–Hildebrand equation [37].

[AO]
AAD=

1
�AD+

1
KC

AD · �AD×
1

[DO]
(1)

where [Ao] and [Do] are the concentrations of
the acceptor and donor respectively, AAD is the
absorbance of the complex, �AD is the molar

absorptivity of the complex and K c
AD is the asso-

ciation constant of the complex (1 mol−1 mol).
From the above equation, on plotting the val-

ues of [Ao]/AAD versus 1/[Do], straight lines were
obtained (Table 3). The standard free energy
changes of complexation (�G°) were calculated
from the association constants by the following
equation [38].

�G°= −2.303RT log KC

Where �G° is the free energy change of the
complex (kJ mol−1), R the gas constant (1.987
cal mol−1 deg−1), T the temperature in Kelvin
(273+°C) and Kc is the association constant of
drug-acceptor complexes (1 mol−1).

The high values of association constants are
common in n-electron donors where the inter-
molecular overlap may be considerable.

3.7. Quantification

At fixed experimental conditions, the intensity
of absorption at the specified wavelength was
found to be a function of the concentration of
the investigated drugs. In all cases studied,
Beer’s law plots were linear with very small in-
tercepts (0.0089–0.1030). Slopes ranged from
0.0078 to 0.1032 in the general concentration
ranges presented in Table 4. The regression
equations for the proposed procedures were
derived using the least-square method and the
correlation coefficient ranged from 0.9991 to
0.9999.

For comparison, the official methods [39] were
applied for the determination of the intact drugs
(1–6), where drug (7) is not official. Statistical
analysis of the results obtained (Table 5) indi-
cated that the proposed procedures were as ac-
curate and precise as the official methods.
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3.8. Specificity and interferences

The proposed procedures have the advantage
that most of the assays are performed in the

visible region far from the UV-absorbing inter-
ferences that might be co-extracted from dosage
forms. Also, before dealing with the analysis of
the pharmaceutical preparations, the effect of

Table 3
Association constants (Kc

AD), correlation coefficients and standard free energy changes (�G°) of �-adrenergic blocking drugs
complexes with iodine (at 365) (I), chloranil (at 440 nm) (II), bromanil (at 450 nm) (III), TCNE (at 420 nm) (IV), TCNQ (at 840
nm) (V) and DDQ (at 470 nm) (VI), obtained from Benesi–Hildebrand plots

�G° (kJ mol−1) Kc
AD×103 (1 mol−1) Correlation coefficient (r)AcceptorsDrugs

6.3I 0.9999−3.9Atenolol
0.99922.6−4.5II

−4.7 0.9999III 1.9
5.5IV 0.9997−4.7
4.4 0.9998V −5.0

−4.9 0.99954.1VI
0.9990I −5.2 0.9Timolol

3.7II 0.9998−4.1Maleate
−4.9 2.4 0.9998III
−5.2 3.3 0.9999IV

1.6 0.9999V −3.9
−4.7 0.99992.8VI

0.9997I −4.1 5.1Propranolol
1.2II 0.9996−4.0Hydrochloride
1.0III 0.9994−4.1

0.99991.8−4.2IV
2.1V 0.9990−4.7

VI −4.6 6.2 0.9993
0.99997.1−5.2Metoprolol I

IITartarate −4.6 4.3 0.9997
III 5.2 0.9999−4.4

0.99952.6IV −3.9
0.99982.7−4.1V

VI −4.4 4.9 0.9997
2.8I 0.9995−3.9Betaxolol

−4.8 1.9 0.9999Hydrochloride II
−5.1 3.4 0.9998III

0.99972.9−4.3IV
2.7V 0.9999−4.4
2.8 0.9992VI −4.1

−3.6 0.99980.9IBisprolol
0.9999II −5.8 6.4Fumarate

3.9III 0.9994−4.1
IV 3.5 0.9999−4.8

0.99991.6V −4.7
0.99971.9VI −4.9

ILevobunolol −3.9 5.4 0.9996
2.8II 0.9996−4.2Hydrochloride

−5.1 3.0 0.9999III
0.9995IV −4.4 2.8

V 0.99942.4−4.3
4.3−4.1VI 0.9990
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Table 4
Quantitative parameters for the reaction of the studied �-adrenergic blocking drugs with iodine (I), chloranil (II), bromanil (III),
TCNE (IV), TCNQ (V) and DDQ (VI)

Linear rangeAcceptors a b rcDrugs �×103

(dm3 mol−1 cm−1)(�g ml−1)

6–36 −0.0287 0.0163 0.9999 3.75Atenolol I
4–24 −0.0896 0.0215II 0.9995 6.65

20–120 0.0285 0.0124III 0.9999 10.55
6–36 0.0639 0.0163IV 0.9999 4.88

V 4–24 −0.0098 0.0311 0.9998 14.01
30–200 0.0692 0.0121 0.9999VI 9.25
6–36 0.0198 0.0290I 0.9997Timolol maleate 20.52

II 4–24 0.0287 0.0305 0.9998 10.89
20–120 0.0159 0.0358III 0.9994 7.95
6–36 −0.0984 0.0260IV 0.9993 2.49

V 4–24 0.0123 0.0198 0.9992 10.85
30–200 −0.0452 0.0300 0.9991VI 11.54
6–36 −0.1000 0.0328I 0.9999Propranolol hydrochloride 6.89

II 4–24 0.0687 0.0268 0.9994 18.63
20–120 0.0296 0.0099 0.9995III 10.45
6–36 0.0852 0.0963IV 0.9998 3.96

V 4–24 0.0089 0.1003 0.9997 5.83
30–200 0.1002 0.0386 0.9999VI 22.87
6–36 0.0092 0.0822I 0.9994Metoprolol tartarate 7.12

II 4–24 −0.0963 0.0452 0.9995 1.80
20–120 −0.0111 0.0152III 0.9999 13.65
6–36 0.0243 0.0345IV 0.9999 7.53

V 4–24 0.0120 0.0745 0.9991 12.97
30–200 −0.0830 0.0078 0.9991VI 15.93

6–36 0.1030 0.0951I 0.9999Betaxolol hydrochloride 7.21
II 4–24 0.0103 0.0145 0.9999 18.90

20–120 0.0853 0.0963 0.9996III 4.39
6–36 0.0953 0.1032IV 0.9999 15.87

V 4–24 0.0193 0.0098 0.9999 12.34
30–200 0.0752 0.0750 0.9994VI 21.35
6–36 0.0045 0.0341I 0.9999Bisprolol fumarate 7.36

II 4–24 0.0790 0.0659 0.9999 16.54
20–120 0.0698 0.0360 0.9998III 4.98
6–36 0.0636 0.0258IV 0.9992 1.78

V 4–24 −0.0754 0.0129 0.9999 9.36
30–200 −0.0701 0.0744 0.9998VI 10.09

6–36 −0.0154 0.1001I 0.9992Levobunolol hydrochloride 11.30
II 4–24 0.0088 0.0099 0.9998 19.25

20–120 0.0361 0.0151 0.9997III 6.89
6–36 −0.0741 0.0784IV 0.9997 9.09

V 4–24 0.0361 0.0129 0.9995 15.91
30–200 0.0912 0.0196 0.9999VI 13.56

a Intercept.
b Slope.
c Correlation coefficient.

common additives, adjutants and excipients on
the proposed method were experimentally stud-
ied.

The results obtained revealed that glucose, lac-
tose, talc powder, magnesium stearate and starch
do not interfere.
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3.9. Analysis of pharmaceutical dosage forms

The proposed charge-transfer spectrophotomet-
ric methods were applied to the determination of
the studied �-adrenergic blocking drugs in tablets
and ophthalmic solutions. The results were com-

pared statistically with those obtained by applying
the official methods.

In the t and F tests, no significant difference
was found between the calculated and theoretical
values (95% confidence) of the proposed and offi-
cial methods. This indicates similar precision and

Table 5
Statistical analysis of the results obtained for assay of authentic �-adrenergic blocking drugs using the proposed methods compared
with the official methods [39]

BromanilDrugs TCNE TCNQ DDQ OfficialIodine Chloranil

100.26 100.09 99.89 100.09 100.20Atenolol X− 99.98 100.15
0.920.910. 90.900.940.890.90�S.D

6 6 6 6666N
0.88V 0.81 0.83 0.85 0.850.81 0.79

t (3.85) 0.42 0.210.10 0.620.220.11
F (4.28) 1.02 1.001.051.041.05 1.08

99.92 99.79 99.93 100.00Timolol 99.90X− 99.92 99.93
0.37�S.D. 0.30 0.38 0.41 0.40 0.390.38

6 6 6 6 6N 6 6
0.14 0.15V 0.160.14 0.170.140.09

t (3.85) 0.13 0.440.500.100.09 0.14
1.70 1.07 1.13 1.07F (4.28) 1.07 1.07

98.90X− 99.10 99.00 98.89 98.99 99.0199.04Propranolol
0.54�S.D. 0.59 0.65 0.54 0.56 0.550.50

6666666N
0.29V 0.35 0.42 0.29 0.31 0.300.25

t (3.85) 0.060.380.10 0.030.270.35
1.40 1.03 1.031.171.20F (4.28) 1.03

99.03 99.06 99.07 99.08Metoprolol 99.03X− 99.10 99.05
1.00 1.04 1.05 1.10�S.D. 1.031.10 1.01

N 6 6 6 6 6 6 6
1.08 1.10 1.21 1.061.001.21V 1.02

0.00 0.05 0.07 0.08t (3.85) 0.11 0.03
1.04F (4.28) 1.06 1.02 1.04 1.141.14

99.99X− 99.96 99.96 99.98 99.96 100.00100.01Betaxolol
0.970.950.860.951.000.980.89�S.D.

6 6 6 6 6N 6 6
V 0.79 0.940.900.96 0.740.901.00
t (3.85) 0.04 0.070.070.070.02 0.02

1.06 1.04 1.27 1.04F (4.28) 1.19 1.02
99.03X− 99.00 99.01 99.00 98.90 ……98.19Bisprolol

1.05 1.03�S.D. 1.03 1.110.95 1.11
6N 66 666

1.06 1.06 1.231.100.90V 1.23
99.98 100.09 99.99 100.07Levobunolol 100.10X− 99.97 99.98
1.23 1.15 1.21 1.30 1.20�S.D. 1.09 1.20

6666666N
1.51 1.32V 1.46 1.69 1.441.19 1.44

t (3.85) 0.040.160.010.170.170.20
1.05 1.09 1.01 1.171.001.21F (4.28)
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Table 6
Determination of the �-adrenergic blocking drugs in commercial pharmaceutical preparations by the proposed and official methods
[39]

Iodine Chloranil Bromanil TCNE TCNQ DDQ OfficialDrugs

99.02 99.00 99.00Betaloc® 98.80X− 99.03 99.01 99.03
Tablets �S.D. 1.02 1.00 0.99 1.01 1.01 1.04 1.03

6 6 6 6 6 6 6N
1.04 1.00 0.98 1.02V 1.02 1.08 1.06

t (3.85) 0.02 0.05 0.05 0.39 0.00 0.03
1.02 1.06 1.08 1.04 1.04F (4.28) 1.02

99.00 99.01 99.04 98.72X− 98.03Concor® tablets 99.01 …….
�S.D. 0.92 1.04 1.09 1.01 0.98 1.10

6 6N 6 6 6 6
0.85 1.08 1.19 1.02V 0.96 1.21

X−Timolol® eye drops 99.55 99.91 99.84 99.80 99.83 99.91 99.90
0.32 0.44 0.38 0.41 0.38�S.D. 0.40 0.39
6 6 6 6N 6 6 6

V 0.10 0.19 0.14 0.17 0.14 0.16 0.15
t (3.85) 1.73 0.04 0.27 0.43 0.32 0.04

1.50 1.30 1.07 1.13F (4.28) 1.07 1.07
X−Betagan® eye drops 99.99 100.00 99.98 99.90 99.99 99.90 100.10
�S.D. 1.15 1.15 1.22 1.19 1.16 1.11 1.20

6 6 6 6N 6 6 6
1.32 1.32 1.49 1.42 1.35 1.23 1.44V
0.16 0.15 0.17 0.29t (3.85) 0.16 0.30

F (4.28) 1.09 1.09 1.03 1.01 1.07 1.17
98.88 99.00 98.52 99.02Inderal® tablets 99.04X− 98.99 99.01

0.60 0.59 0.66 0.75�S.D. 0.50 0.57 0.55
N 6 6 6 6 6 6 6

0.36 0.35 0.44 0.56 0.25V 0.32 0.30
0.39 0.03 1.39 0.03t (3.85) 0.10 0.06

F (4.28) 1.20 1.20 1.47 1.89 1.20 1.07
100.22 99.99 100.30 99.96Tenormin® tablets 99.97X− 100.09 100.20

0.87 0.88 0.90 0.84�S.D. 0.95 0.94 0.92
N 6 6 6 6 6 6 6
V 0.76 0.77 0.81 0.71 0.90 0.88 0.85

0.04 0.40 0.19 0.47t (3.85) 0.43 0.20
F (4.28) 1.12 1.10 1.05 1.20 1.05 1.04

99.89 100.07 100.03 100.06Betoptic® eye drops 99.99X− 100.05 100.00
0.95 0.99 0.89 0.95�S.D. 0.85 0.91 0.97

N 6 6 6 6 6 6 6
V 0.90 0.98 0.79 0.90 0.72 0.83 0.94

0.20 0.12 0.06 0.11t (3.85) 0.02 0.09
F (4.28) 1.04 1.04 1.19 1.04 1.31 1.13

accuracy. Data of Table 6 suggests that the present
procedures can be applied to the assay of these
drugs in their single dosage forms without interfer-
ence. Frequently encountered common ingredients
of formulations were found not to interfere. Per-
centage recoveries ranged from 98.03�0.98 to
100.22�0.87 for the applied acceptors.

3.10. Identification on thin-layer chromatograms

The different colors developed from the interac-
tion of the investigated drugs with the different
acceptors could be used on thin-layer chro-
matograms for detection and differentiation of
these compounds (from their corresponding Rf
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values: 0.37, 0.87, 0.90, 0.70, 0.61, 0.80 and 0.55
for atenolol (1), timolol maleate (2), propranolol
hydrochloride (3), metoprolol tartarate (4), betax-
olol hydrochloride (5), levobunolol hydrochloride
(6) and bisprolol fumarate (7), respectively).
Therefore, spraying with different acceptors re-
vealed the coloration of the spots as yellow
(iodine and TCNE), orange–yellow (bromanil),
red (DDQ), bluish-green (TCNQ) and greenish-
yellow (chloranil). The rapid development of col-
ors at room temperature with non-corrosive
reagents, the variation of color shades, the sensi-
tivity and the stability of colors suggest obvious
use of these acceptor reagents to supplement exist-
ing methods for the detection of the studied �-
adrenergic blocking drugs on chromatograms.
The quantitative determination of the �-adrener-
gic blocking drugs on thin-layer chromatography
using these acceptors is currently investigated.

4. Conclusion

From the aforementioned results, the suggested
procedures using sigma and pi-acceptors confirm
their suitability for spectrophotometric analysis of
named compounds in the micro range. Moreover,
they could be applied to the quality control analy-
sis of the investigated �-adrenergic blocking
drugs.
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