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ABSTRACT o : 19 . . ol
Two simple sensitive and accurate methods have been developed for the determination of amlodipine besilate, bisoprolo

hemifumarate and sotalol HC] through oxidation-reduction reaction. The first method involves the oxidation of the drugs
with cerium(IV) sulphate in acidic medium and subsequent measurement of the decrease in reagent absorbance at 318 nm in
the concentration ranges of 0.2-1.4, 0.25-2.75 and 0.5-4 pg ml” of amlodipine besilate, bisoprolol hemxﬁ.un.arate and sotalol
HC], respectively, The second method is based on the oxidation of the selected drugs with known excess oel:mm(l'V) sulphate
in acidic medium followed by determination of the unreacted cerium(IV) by measuring the decrease in, nbsorbanqc‘of
chromotrope 2R(C2R) at 2max 508 nm in the concentration ranges of 1.25-4.5, 0.75-3.25 and 0.5-3 pg ml” of ?mlodlpme
besilate, bisoprolol hemifumarate and sotalol HCI, respectively. The proposed methods were successfully applied for the
analysis of the investigated drugs pharmaceutical dosage forms. Results obtained by the proposed methods were compared
with those obtained by the reference methods and no significant differences were found.

INTRODUCTION
Amlodipine besilate is 3-Ethyl 5-methyl
(4RS)-2-[(2-aminoethoxy) methyl]-4-(2-

chlorophenyl)-6-methyl-1 .4-dihydrop?'ridine-3,5-
dicarboxylate benzenesulphonate ™. It is a
dihydropyridine calcium-channel blocker. It is
used in the management of hypertension and
angina pectoris . Spectrophotometric methods
were reporied for amlodipine determination in
bulk drug and in pharmaceutical preparation ®1%,
Spectrofluorimetric methods were reported for its
determination ™', Other methods of analysis
including HPLC "*'9 Lc-MSMS @7, RP-HPLC
48 HP-TLC "%, GC ®” and voltammetric
methods were used ",
Bisoprolol Hemifumarate is 1-[4-[[2-(1-
methylethoxy) ethoxy] methyl] phenoxy]-3-[(1-
methylethyl) amino2-Propanol fumarate (2:1). It
is a highly selective al-receptor blocking agent
used for the treatment of hypertension and angina
pectoris ). Spectrophotometric methods were
reported for Bisoprolol determination in
pharmaceutical preparation ***%), Several methods
were used including spectroflourimetric @9,
HPLC #”, RP-HPLC ¥, LC®", GC-MS ©*, HP-
TLC . ©h capillary electrophoresis  ©7),
potentiometric ®* and voltammetric “* methods.
Sotalol hydrochloride is N-[4-[(1RS)-1-hydroxy-
2-[(1-methylethyl) amino) ethyl]
 phenyl]methanesulphonamide hydrochloride ™. It
is a non-cardioselective beta blocker with class 11
and III antiarrhythmic properties @. Several
methods were used for sotalol HCl determination
in pure and pharmaceutical dosage forms.

" These methods include spectrophotometric 9,
spectroflourimetric  “'*, HPLC ©*%4)  Rp.
HPLC “9 LC “3 capillary zone electrophoresis
“9 and NMR spectroscopic methods 7,
was diluted with the same solvent then further

- dilution with distilled water to obtain working

standard solution of concentration 50pg ml™.

Cerium Cerium(IV) as an oxidising agent has
been used successfully for the determination of
many drugs such as diclofenac sodium “n,
phenolic B-lactam antibiotics “”, risedronate
sodium, alendronate sodium, etidronate disodium
€9 nizatidine ©", ambroxol HCl and
orciprenaline sulphate ®®, In the present work,
two accurate, easy and sensitive
spectrophotometric procedures were developed
for the analysis of the cited drugs in bulk form
and  pharmaceutical  preparations  through
oxidation with Cerium (IV) and with cerium (1V)-

chromotrope 2R.
EXPERIMENTAL

Instrumentation

A Shimadzu recording spectrophotometer UV
1800 equipped with 10 mm matched quartz cells
was employed for all absorbance measurements.
Marerials and reagents

All reagents were of analytical grade and
distilled water was used. Amlodipine besilate
(Amyria, Egypt). Bisoprolol hemifumarate
(Amoun Pharm, Egypt), Sotalol HCl (Amoun
Pharm, Egypt), Cerium (IV) sulphate (Merck,
England), 0.1 %, 0.04% w/v and 5 x 10* M
solutions in 2M sulphuric acid, Chromotrope 2R:
2-(Phenylazo) chromotropic acid disodium salt,
(Aldrich), 0.03% w/v prepared solution in
distilled water were used.

_Standard drug solutions

1. 0.1 mg ml” solution of amlodipine besilate in
least amount of methanol was diluted with

- distilled water to obtain working standard solution

of concentration 20 pg mi™ and 50 pg mi™.
2. 01 mg ml" solution of bisoprolol
hemifumarate and sotalol HCI in distilled water
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Fig. (2): Effect of sulphuric acid molarity on the
reaction of cerium(IV) sulphate with:
- 1.4 ug mI"" amlodipine besilate.
- 1.5 pg ml”' bisoprolol hemifumarate,

- 1.5 pg mI”' sotalol HC.

2, Effect of ceric(IV) sulphate concentration
Maximum decrease in absorbance was obtained
using 1.5 ml 0.1% w/v ceric (IV) sulphate.
Concentrations higher than 0.14% and volumes
higher than 2.5 ml 0.1% of the reagent leads to
higher unacceptable absorbance values and the
shape of absorbance spectra changed due to the
increase of blank absorbance. Figs. (3,4)

3. Effect of temperature and heating time

Heating for 30, 15 and 25 min in a boiling water
bath was optimum for amlodipine besilate,
bisoprolol hemifumarate and sotalol HCI.

Figs(5,6).

4. Effect of diluting solvent

Water, ethanol, methanol, acetone and 2M H,SO,
were tried. Water was optimum solvent for the
three drugs.

5. Stoichiometric relationship

By applsying Job’s method of continuous
variation® the ratio of ceric (IV) sulphate to the
studied the drugs was (4 : 1). Fig. (7)

Method (b): Spectrophotometric procedure
using ceric sulphate and chromotrope 2R

It involves two stages: the first one is the
oxidation of the selected drugs with known excess
Ce™ in acidic medium under the effect of heating
as explained previously, and the second one
involves the determination of the unreacted
oXidant by measuring the decrease in absorbance
of C2R at the suitable Amax 508 nm. Fig. (8).

Th_c decrease in color intensity is attributed to the
oxidation of the dye to its degradable products,

res_ults. in the formation of formic acid as the main
oxidation product,
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(3): Effect of cerium(IV) sulphate
concentration on the reaction with:
- 1.4 pg mI” amlodipine besilate.
- 1.5 pg m1”! bisoprolol hemifumarate.
- 1.5 pg ml” sotalol HCL.
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Fig. (4): Effect of volume of 0.1% w/v cerium(IV)
sulphate on the reaction with:
- 1.4 pg ml-1 amlodipine besilate.
- 1.5 pg ml-1 bisoprolo]l hemifumarate.
- 1.5 pg ml-1 sotalol HCI.
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Fig. (5): Effect of heating temperature on the
reaction of cerium(IV) sulphate with:
- 1.4 ug ml” amlodipine besilate.
- 1.5 pg ml" bisoprolol hemifumarate,
- 1.5 pg ml” sotalol HCI.
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Fig (6): Effect of heating time on the reaction of
cerium(TV) sulphate with:
- 1.4 pg mI” amlodipine besilate.
- 1.5 pg mI"' bisoprolol hemifumarate,
- 1.5 pg m!” sotalol HCI.
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Fig. (7): Continuous variation plot of the reaction

between:
(2) 5x10* M amlodipine besilte and

5%x10" M cerium(IV) sulphate in 2M
H.SO,.

(b) 5%10™ M bisoprolol hemifumarate
and 5x10™ M cerium(IV) sulphate in
2M H,S0,

(c) 5%10~ M sotalol HCI and 5x10™ M
cerium(lV) sulphate in 2M H,S0,.

Investigation of assay paramefers

1. Effect of sulphuric acid concentration

Using different sulphuric acid concentrations
ranging from 0.1 to 3.5M solutions, the optimum
concentration that gave maximum decrease in
absorbance and maximum fluorescence intensity
was 2M solution. Fig. (9)
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Fig. (8): Absorption Spectra of the reaction
products of Cerium(1V) sulphate and
C2R with:

- 2 Mg ml-1 amlodipine besilate
=2 pg ml-1 bisoprolol hemifumarate.
= 2 g ml-1 sotalol HCI
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Fig. (9): Effect of sulphuric acid normality on the
reaction of cerium(IV) sulphate and
C2R with:
-2 pg ml” amlodipine besilate
- 2 pg ml" bisoprolol hemifumarate.
- 2 pgml” sotalol HCI

2. Effect of ceric (TV) sulphate concentration

Maximum increase in absorbance was obtained
using 3 ml 0.04% w/v ceric (IV) sulphate for
amlodipine besilate and bisoprolol hemifumarate,
while 2 ml 0.04% w/v was the best for sotalol

HCL. Figs, (10,11)

3. Effect of temperature and heating time:
Heating for 15, 20 and 25 min in a boiling water
bath was optimum for amlodipine besilate,
bisoprolol hemifumarate and sotalol HCI,
respectively. Figs. (12, 13)
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(10): Effect of cerium(IV) sulphate
concentration on its reaction with C2R
and:

-=2ug ml?! amlodipine besilate
- 2 ug mI” bisoprolol hemifumarate.
- 2 pg mI” sotalol HCI
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Fig. (11): Effect of volume of cerium(IV)
sulphate (0.04%w/v) on its reaction with
C2R and:
-2 pg ml” amlodipine besilate
- 2 pg ml” bisoprolol hemifumarate,
-2 pgml” sotalo]l HCI
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Fig. (12): Effect of heatin
reaction of cerjum
with:

*2 ng ml” amlodipine besilate

-2 g ml’: bisoprolo] hemifumaratc.
=2 pg ml” sotalg] HCl
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el (1331_ ch;umr 1V) sulphate and C2R with:
- 2 pg ml”! amlodipine besilate
-2 pug ml” bisoprolol hemifumarate,
- 2 pg mi™! sotalo] HCI

4. Effect of chromotrope 2R (C2R)
concentration
Maximum increase in the absorbance was

achieved by using 1.5 ml of 0.03% w/v of C2R for
amlodipine besilate and bisoprolol hemifumarate,
while 1 ml 0.03% w/v was the best for sotalol
HCI. Figs. (14,15)
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Fig. (14): Effect of chromotrope 2R
concentration on jis reaction  with
cerium(IV) sulphate and:

-2 pgmi” amlodipine besilate
-2 pgml” bisoprolo hemifumarate,
-2 pg ml"! sotalo) HC]

5. Effect of diluting solvent

Water, ethanol, methanol, acetone and 2M H,S0,

were tried. Water was optimum solvent f
three drugs, e
Quantiﬁcation, accu

racy and precision
Linear correlation 4

was  found between the

decr.ease in absorbance and concentration of the
studxed‘ .drugs. Beer's |aw range, molar
absorbtivity, correlation coeffj

ecient, intercept and

slope of the calibration curve were calculated,
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Fig. (15): Effect of volume of chromotrope 2R
(0.03%w/v) on its reaction with
cerium(IV) sulphate and:
- 2 pg ml™* amlodipine besilate
-2 pg ml” bisoprolol hemifumarate.
- 2 ug ml” sotalol HCI

Also relative standard deviation, analytical
standard error, detection and quantification limits
were calculated and listed in tables (1,2).

ISSN 1110-5089

The proposed methods were used for
determination of the selected drugs in their
pharmaceutical preparations by standard addition
technique, Tables (3,4). Results obfalned were
compared with the reference methods *'#*" by
student's t-test and variance ratio F-test, Table
(5). The calculated values did not exceed the

theoretical ones.

Accuracy and precision
Accuracy and precision were carried out by

six determinations at four difTerent concentrations
of the three drugs in the same day (imra-day), and
in six different days (inter-day). Percentage
relative standard deviation (R.S.D. %) as
precision and percentage relative error (Er %) as
accuracy of the suggested method were

calculated.
The percentage relative error calculated using

the following equation:
Er% = [(found — added) / added] x 100
The results of accuracy and precision show that

the proposed methods have good repeatability and
reproducibility able (6)

Table (1): Spectral data for determination of amlodipine besilate, bisoprolol hemifumarate and sotalol
HCl using cerium (IV) sulphate and cerium(IV) sulphate-chromotrope 2R.

** A=a + be

29

molecular weight of the drug,

Cerium(TV) sulphate method Cerium(TV) sulphate + C2R method
Parameters Amlodipine Bisoprolol Sotalol Amlodipine Bisoprolol Sotlal
besilate hemifumarate HCI besilate hemifumarats HCl!
Linearity range (ug ml”) -
0.2-1.4 0.25-2.75 0.54 12545 0.75-3.25 0.5-3
Apparent molar
Ilhj’ ivity (molcm™) 4.08%10° 1.62x10° 9.14x10* 6.92x10" 6.60%10" 7.62x)10
Sandell's sensitivity (mg
mi per 0001A) 7.19x10% 4.24x10? 2.96x10? 1.22x10% 1.72x10% 247x10°
Limit of detzcti I
on (ug ") 0.059 0.072 0.114 0483 0.218 0.145
Limit of quantification(pg .
ml") 0,197 0.240 0.381 1.197 0.726 0484
Regression equalmn‘:ﬁ
Slope (b)
06400 0307 )
e 5 02213 0.0275 00197 0.0897
o 0.0749 0.1287 0.1172 01117 0.184
Gt S . 0.1891
_ 09999 0.9999
L 0.9999 09998 0.9998 09999
Calculated on the basis of the
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