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Results and discussion

CHAPTER 111

IH. Results and discussion
IIL1. Absorption spectra of the captopril with KMnO, and different
dyes

Captopril, as all thiols was expected to undergo some extent
oxidative degradation such as the formation of disulphide [177] and this
suggests the investigation of an analytical procedure based on the specific
reactivity of the thiol group, with regard to obtaining a stability indicating
assay method. Captopril was determined spectrophotometrically by
oxidation method using molybdophosphoric acid, which is a heteropoly
acid of Mo"' as oxidizing agent [21], bromate (KBrQ;) using celestine blue
as indicator [14] and determined by electro-generated chemiluminescence
Mn’* as oxidant in H,SO, medium [43] and Ag?" as the oxidant in acidic

media using flow injection chemiluminescence [37].

No attempts have been made to develop a spectrophotometric
method for determination of captopril by oxidation with potassium
permanganate, using the five dyes under studies. KMnQ, solution is
remarkably stable over prolonged periods, need not be protected from light,
and may even be boiled for a short time without appreciable change in
concentration; because of its high oxidation potential (1.51 V) and
excellent solution stability. KMnO, was used for quantitative determination
of many drugs, as ramipril in basic media [178], codeine and morphine in
acidic media [179, 180]. These methods involve two stages, oxidation of
drug by KMnOj, then estimation of unconsumed KMnQ, with ﬁve different




e —————— R 51lL5 and discussion

dyes (MB, AB, AR, AM, AO) which are preferable because they react with
KMnO, simultaneously. However they are used as indicator to estimate
captopril. KMnQy reacts with captopril, resulting in oxidation depending
upon the functional group (-SH) present in captopril, probably a mixture of
products, with reproducible data under specified experimental conditions.
The remaining KMnO, react with dye to form an oxidative dye (colorless
product. The remaining dye is measured spectrophotometrically at their
corresponding Amay. The absorption spectra of the reaction products of the
method show characteristic Ay, value, as shown in F ig. 1. Suggested

mechanism is:

1- Oxidation of CAP with KMnO, in sulphuric acid medium by heating in

water bath

2- Determination of excess (unreactant) oxidant by measuring the decrease

in absorbance of dyes at their A,
KMnO,+H + CAP —— oxidation products

KMnO, (excess) + dyye ———» oxidative dye (colorless products)

W
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Fig. (1): Absorption spectra for the reaction product of 8.0 pg ml™ of captopril with KMnQ, (5.0 x
10* M) and dyes (1.0 x 10° M) except on using methylene blue (1.0 x 10* M)
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Reagents:
N
Q D
HyC—N s cr
| +

Methylene biue (Basic blue 9) (MB)
3,7-Bis(dimethylamino) phenothiazin-5-ium -chloride
CIL 52015 CAS 7220-79-3

O H
(L~
N
H o
Acid blue 74 (Indigo carmine) (AB)

Disodium 5,5'-indigotin disulphonate
C.I.73015  CAS 860-22-0

OO
G

NaO3S

Na0;S

SO3Na

Acid red 73 (Brilliant crocein MOO) (AR)
3-Hydroxy-4-[(4-azobenzen)azo)S5,7-naphthalene
disulphonic acid disodium salt

C.I. 27290 CAS 5413-75-2

SO4Na

HO SO;Na oH
SO3Na
Acid red 27 (Amaranth dye) (AM)
1-(4-sulpho-1-naphthylazo)-2-naphth Acid orange 7 (Orange IT) (AO)
ol-3,6-disulphonic acid trisodium salt 4-[(2-Hydroxy-1-naphthalenyl)azo]
C.l 16185 CAS 915-67-3 benzensulphonic acid sod. salt

C.I. 15510 CAS 633-96-5
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I11.1.1. Effect of potassium permanganate concentration

The influence of the concentration of KMnQ, was studied using
different concentrations ranging from 1.0 x 107 - 1.0 x 10™* M. The highest |
result was obtained with 5.0 x 10 M: higher concentrations of KMnQ,
caused the color disturbed. In order to investigate the optimum reaction
conditions for the color development of 8.0 pg ml" (0.8 ml of 100 pg ml™)
of CAP with KMnOy (5.0 x 10™ M). The effect of different experimental

variable were studied and recorded below

II1.1.2. Effect of acid concentration

Different types of acids were examined (H,SO, H;PO, and
CH;COOH) to achieve maximum yield of redox reaction. The results
indicating that the sulphoric acid was the preferable acid with potassium
permanganate as an oxidant. To each 10 ml measuring flask, 0.8 ml of the
CAP (100 pg ml") and 1.0 ml of KMnO, (5.0 x 10 M) were added. 1.0 ml
of HSO4 (0.2 M) is the optimum concentration of H,SO,, and then the
solution was diluted to 7.0 ml. After 5.0 min standing time at 50 °C in
water bath, the solution was cooled for about 3.0 min; the dye was added,

then complete to 10 ml total volume as shown in Fig. 2.

III.1.3. Effect of time and temperature

The effect of time on the oxidation process of CAP was investigated
by measuring the absorbance of a solution containing 8.0 pg ml™” of CAP,
oxidant and acid solution against blank solution prepared by the same way
without drug at Aya 660, 610, 510, 520 and 485 nm using MB, AB, AR,
AM and AQ, respectively, at various time intervals. Also the effect of

temperature was studied by heating the sample solution (oxidant, acid and
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Fig. (2): Effect of ml added of sulphuric acid (0.2 M) on absorbance of 8.0 ug m!™ of

captopril with KMnQ; (5.0 x 10* M) and dyes (1.0x 10> M) except on using
methylene blue (1.0 x 10 M)
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Fig. (3): Effect of ml added of dyes (1.0 x 10” M) except on using methylene blue
Q1 .2 x 10* M) on absorbance of 8.0 pg mi™” of captopril with KMnOjq (5.0 x
107 M)
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drug) and the blank (oxidant and acid) at different temperature (30-100 °C)
in water bath. The oxidation took place completely after 5.0 min and at 50
°C temperature in water bath. Raising the temperature more than 50 °C did
not accelerate the oxidation process. The effect of time after addition of dye
was studied by measuring the absorbance at various time intervals (1.0-5.0
min). The absorbance indicated that shaken for 2.0 min was sufficient to
give reliable results. The produced color remains constant for at least 48

hours and stable until 90 °C in case of all dyes.

II1.1.4. Effect of sequence of additions

The effect of sequence of additions on the oxidation process of CAP
was studied by measuring the absorbance of solution prepared by different
sequence of additions against a blank solution prepared in the same

manner. Experiments showed that (oxidant-acid-drug) gave the best resuits.

II1.1.5. Effect of dye concentration

To establish the optimum concentration of dye, different volumes of
the different dyes were added to 8.0 ug ml™ of CAP. The optimum volumes
used for production of maximum color intensity are 2.0 ml (1.0 x 10™* M)
MB, whereas 0.9, 0.35, 0.7 and 0.7 ml (1.0 x 10° M) for AB, AR, AM and

AQ, respectively were used as optimum dye volume as shown in Fig. 3.

IIL.1.6. Molar ratio method

The molar ratio between oxidant and dye [O]/[Dye] at the selected
conditions was carried out, the oxidant was kept constant and variable

concentrations of dye (1 x 10* M MB, 1 x 10> M for AB, AR, AM and

Tl
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Fig. (4): Molar ratio method {O]/[Dye] for 8.0 pg ml”* captopril using KMnO, (5.0x
10 M) and dyes (1.0 x 107 M) except on using methylene blue (1.0 x 10™ M)
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AO) were added and 8.0 pg mlI"* of CAP. The absorbance values were then
plotted against the molar ratio [O]/[Dye] as shown in Fig. 4. Experimental
results showed that the inflection of the two straight lines at 0.25, 0.56,
1.43, 0.71 and 0.71 in case of MB, AB, AR, AM and AQ, respectively.
Thus the stoichiometric ratio of oxidant to dye are 1.0 : 0.4, 1.0 : 1.79, 1.0 :
0.7, 1.0 : 1.41 and 1.0 : 1.41 in case of MB, AB, AR, AM and AO,

respectively as recorded in Table 1.

In order to investigate the molar ratio between CAP and oxidant at
the selected conditions, the molar ratio method described by Yoe and Jones
[169] was carried out. In this method 1.0 ml of 5.0 x10™* M KMnOj is kept
constant and variable concentrations (0.1 - 2.5 ml) of CAP 5.0 x 10* M
were added. The absorbance was measured at A, (660, 610, 510, 520 and
485 nm using MB, AB, AR, AM and AO, respectively) against blank
solution prepared in the same manner. The absorbance values were then
plotted against the molar ratio [D]/[O] as shown in Fig. 5. Experimental
results showed that the inflection of the two straight lines at 1.25, 1.0, 1.1,
0.83 and 0.93 in case of MB, AB, AR, AM and AO, respectively. Thus the
molar ratio of CAP to oxidant are 1.0 : 0.8, 1.0 : 1.0, 1.0 : 0.91, 1.0 : 1.2
and 1.0 : 1.08 in case of MB, AB, AR, AM and AO, respectively as

recorded in Table 1.

H1.1.7. Validity of Beer's law

Calibration graphs were constructed using standard solution of CAP.
Under the optimum conditions, a linear relationship existed between the
absorbance and drug concentration as listed in Table 1. The correlation
coefficient slopes and intercepts are calculated using the former equations.
For more accurate results, Ringbom optimum concentration ranges were

determined by plotting log [D], concentration of the drug in pg ml’,

101
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Fig. (5): Molar ratio method for captopril (5.0 x 10 M) using KMnQ, (5.0 x 10 M)
and dyes (1.0 x 10 M) except on using methylene blue (1.0 x 10™* M)
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Fig. (6): Validity of Beer’s law for reaction product of captopril with KMnO; (5.0 x
10* M) and dyes (1.0 x 10° M) except on using methylene blue (1.0 x10™ M)
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against percent transmittance. The linear portion of the S-shaped curve
gave the accurate range of analysis. The mean molar absorptivities and
Sandell sensitivities are calculated from Beer's law as recorded in Table 1,
while representative curves on the validity of Beer's law for CAP with the
different dyes are shown in Fig. 6. The detection and quantitation limits
were calculated from the standard deviation of absorbance measurements
obtained from a series of 13 blank solutions for each procedure. The limits
of detection (K = 3) and of quantitation (K =10) were established according
to IUPAC definitions [181]

HI.1.8. Accuracy and precision [182]

In order to determine the accuracy and precision of the proposed
methods, solutions containing three different concentrations of CAP were
prepared and analyzed in six replicates. The analytical results obtained
from this investigation are summarized in Table 2. The percentage standard
deviations and the percentage range of error at 95% confidence level were
calculated. The results can be considered to be very satisfactory, at least for

the level of concentrations examined.

1. 1.9. Interference

A systematic quantitative study was undertaken by measuring the
absorbance of solutions containing 8.0 pg ml™ of CAP with varying
concenOtrations of the additives and excipients such as glucose, lactose,
fructose, calcium hydrogen phosphate, magnesium stearate and starch.
There are interference for glucose, fructose and lactose, these substances
reacted with KMnO,/H" system producing oxidative dye (colorless
products) as shown by higher reading of the blank solutions when dye was

102
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added, other excipients do not interfere. The hydrochlorothiazide present in

Capozide tablets not interfere with captopril.

IH1.1.10. Analytical applications

The validity of the pfoposed procedures is tested by determining
CAP in tablets obtained from local manufacturing companies as mentioned
before. The concentration of CAP in dosage forms were calculated from
the appropriate calibration graphs. There was no shift in the absorption
maximum or absorbance due to the presence of other constituent on the
dosage forms. The results are compared with those obtained by applying
the official methods [170]. The results obtained were compared statistically
by the Students t-test (for accuracy), and variance ratio F-test (for
precision) [181] with those obtained by official methods on the sample of
the same batch. The Student's t-test values obtained at 95% confidence
level and five degree of freedom did not exceed the theoretical tabulated
value indicating no significant difference between accuracy of the proposed
and the official method, Also, the variance ratio F-test obtained at 95%
confidence level and five degree of freedom did not exceed the theoretical
tabulated value indicating no significant difference between precision of

the proposed and the official methods, as recorded in Tables (3 and 4).

)f 103]
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IT1.2.2. Absorption spectra of the amlodipine besylate with KMnO,
and different dyes

No attempts have been made to develop a spectrophotometric
method for determination of amlodipine besylate (ADB) by oxidation with
potassium permanganate, using the five dyes under studies. KMnQ,
solution is remarkably stable over prolonged periods, need not be protected
from light, and may even be boiled for a short time without appreciable
change in concentration; because of its high oxidation potential and
excellent solution stability. These methods involve two stages, oxidation of
drug by KMnO, then estimation of unconsumed KMnQ, with five different
dyes (MB, AB, AR, AM, AO) which are preferable because they react with
KMnQ, simultaneously. However they are used as indicator to estimate
ADB. KMnO, reacts with ADB, resulting in oxidation depending upon the
functional group (-NH,, -NH) present in ADB, probably a mixture of
products, with reproducible data under specified experimental conditions.
The remaining KMnO, react with dye to form an oxidative dye (colorless
product). The remaining dye is measured spectrophotometrically at their
corrésponding Ama- The absorption spectra of the reaction products show

characteristic Ay, value, as shown in Fig. 7.

1L 1.1. Effect of potassium permanganate concentration

The influence of the concentration of KMnQO, was studied using
different concentrations ranging from 1.0 x 10™ - 1.0 x 10™ M. The highest
result was obtained with 5.0 x 10™* M; higher concentrations of KMnQO,
caused the color to fade. The effect of different experimental variable were

studied and recorded below
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Fig. (7): Absorption spectra for the reaction product of 10 pg ml"' of amlodipine besylate with
KMnOq (5.0 x 10" M) and dyes (1.0 x 10 M) except on using methylene blue (1.0 x 10 M)
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111.2.2. Effect of acid concentration

Different types of acids were examined (H,SO,, H;PO, and
CH;COOH) to. achieve maximum yield of redox reaction. H,SO, was
preferable with using the KMnO, oxidant. To each 10 ml measuring flask,
1.0 ml of the ADB (100 pg ml™) and 1.0 ml of KMnO, (5.0 x 10 M) was
added, 1.0 ml of H,SO; (0.2 M) is the optimum concentration of acid, then
the solution was diluted to 6.0 ml. After 5.0 min standing time at 50 °C in
water bath, the solution was cooled for about 3.0 min; dye was added, then
complete to 10 ml total volume. The absorbance was measured against a
blank solution prepared by the same way without drug in the same acid

concentration, as shown in Fig. 8.

111.2.3. Effect of time and temperature

The time required to compiete the oxidation process of ADB in the
proposed concentration range was investigated by measuring the
absorbance of a solution containing 10 pg ml" of the drug, oxidant and
acid solution against blank solution prepared by the same way without drug
at various time intervals. Also the effect of temperature was studied by
heating the sample solution (oxidant, acid and drug) and the blank (oxidant
and acid) at different temperature (30-100 °C) in water bath. The reaction
took place completely after 5.0 min, and at 50°C temperature in water bath.
Raising the temperature more than 50 °C did not accelerate the oxidation
process. The effect of time after addition of dye was studied by measuring
the absorbance at various time intervals (1.0-5.0 min). The absorbance
indicated that shaken for i,.O min (3.0 min in case of AR and AM dye) was
sufficient to give reliable results. The color remains constant for at least 48

hours and stable until 90 °C in case of all dyes.
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Fig.(8): Effect of ml added of sulphuric acid (0.2 M) on absorbance of 10 pg m!” of
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x 10* M) on absorbance of 10 pg ml” of amlodipine besylate with KMnO,
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1I1.2.4. Effect of sequence of additions

The effect of sequence of additions on the oxidation process of ADB
was studied by measuring the absorbance of solution prepared by different
sequence of additions at A,y against a blank solution prepared in the same

manner. Experiments showed that (oxidant-acid-drug) gave the best results.

IIL.2.5. Effect of dye concentration

To establish the optimum concentration of dye, different volumes of
different dyes were added to 10 pg ml" of ADB. The optimum volumes
used for production of maximum and reproducible color intensity are 2.0
ml (1.0 x 10* M) MB as shown in Fig. 12, whereas 0.8, 0.35, 0.8 and 0.7
ml (1.0 x 10 M) for AB, AR, AM and AOQ, respectively were used as

optimum dye volume as shown in Fig. 9.

IIL2.6. Molar ratio method

The stoichiometry of [O}/[Dye] at the selected conditions was carried
out, the oxidant was kept constant and variable volumes of dye (1 x 10* M
MB, 1 x 10° M for AB, AR, AM and AO) were added and 10 pg ml” of
ADB. The absorbance values were then plotted against the molar ratio
[O)/[Dye] as shown in Fig. 10. Experimental results showed that the
inflection of the two straight lines at 0.25, 0.63, 1.43, 0.63 and 0.71 in case
of MB, AB, AR, AM and AQ, respectively. Thus the Stoichiometric ratio
of oxidant to dye are 1.0 : 0.4,1.0: 1.59,1.0: 0.7, 1.0 : 1.59 and 1.0 : 1.41
in case of MB, AB, AR, AM and AO, respectively as recorded in Table 5.

The stoichiometry of the reaction between ADB and- the oxidant at
the selected conditions was established by the molar ratio method [169]. In
this method 1.0 ml of 5.0 x10™* M KMnO, is kept constant and variable
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Fig. (10): Molar ratio method [O}/[Dye] for 10 ug ml"' of amlodipine besylate with
KMnO; (5.0 x 10* M) and dyes (1.0x 10° M) except on using methylene
blue (1.0 x 10* M)




Results and discussion

concentrations (0.1-2.5 ml) of ADB (5.0 x 10* M) were added. The
absorbance was measured at A, (663, 609, 511, 520 and 484 nm using
MB, AB, AR, AM and AO, respectively) against blank solution prepared in
the same manner. The absorbance values were then plotted against the
molar ratio [D])/{O] as shown in Fig. 11. Experimental results showed that
the inflection 6f the two strafght lines at 1.8, 1.0, 1.8, 0.44 and 0.7 in case
of MB, AB, AR, AM and AO, respectively. Thus molar ratios of ADB to
oxidant are 1.0 : 0.56, 1.0: 1.0, 1.0 : 0.56, 1.0 : 2.27 and 1.0 : 1.43 in case
of MB, AB, AR, AM and AOQ, respectively as recorded in Table 5.

1I11.2.7. Validity of Beer's law

Calibration graphs were constructed using standard solution of ADB.
Under the optimum conditions, a linear relationship existed between the
absorbance and drug concentration as listed in Table 5. The correlation
coefficient slopes and intercepts are calculated using the former equations.
For more accurate results, Ringbom optimum concentration ranges were
determined by plotting log [D], concentration of the drug in pg ml’,
against percent transmittance. The linear portion of the S-shaped curve
gave the accurate range of analysis. The mean molar absorptivities and
Sandell sensitivities are calculated from Beer's law as recorded in Table 5,
while representative curves on the validity of Beer's law for ADB with
different dyes are shown in Fig. 12. The detection and quantitation limits
were calculated from the standard deviation of absorbance measurements
obtained from a series of 13 blank solutions for each procedure. The limits
of detection (K = 3) and of quantitation (K =10) were establisheci according
to IUPAC definitions [181]
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111.2.8. Accuracy and precision [182]

In order to determine the accuracy and precision of the proposed
methods, solutions containing three different concentrations of ADB were
prepared and analyzed in six replicates. The results are summarized in
Table 6. The % standard deviations and the % error at 95% confidence
level were calculated. The results can be considered to be very satisfactory,

at least for the level of concentrations examined.

I11.2.9. Interference

A systematic quantitative study was undertaken by measuring the
absorbance of solutions containing 10 pug ml™" of ADB with varying
concentration of the additives and excipients such as glucose, lactose,
fructose, calcium hydrogen phosphate, magnesium stearate and starch.
There are interference for glucose, fructose and lactose 2-fold, and there are

not interference for other excipients.

111.2.10. Analytical applications

The validity of the proposed procedures is tested by determining
ADB in tablets obtained from local manufacturing companies as mentioned
before. The concentration of ADB in dosage forms were calculated from
the appropriate calibration graphs. There was no shift in the absorption
maximum or absorbance due to the presence of other constituent on the
dosage forms. The results are compared with those obtained by applying
the official methods [171]. The results obtained were compared statistically
by the Student's t-test and variance ratio F-test with those obtained by
official methods on the sample of the same batch. The Student's t-test
values obtained at 95% confidence level and five degree of freedom did not




exceed the theoretical tabulated value indicating no significant difference
between accuracy of the proposed and the official method. Also, the
variance ratio F-test obtained at 95% confidence level and five degree of
freedom did not exceed the theoretical tabulated value indicating no
significant difference between precision of the proposed and the official

methods, as recorded in Table 7.
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Results and discussion

I11.3. Absorption spectra of the diltiazem HCI with KMnO, and
different dyes

Diltiazem HCI (DIL) was determined colorimetrically by oxidation
by Fe’" in acidic medium [100] or by metavanadate in H,SO, medium [95].
No attempts have been made to'_develop a spectrophotometric method for
determination of DIL by oxidation with potassium permanganate, using
five dyes under studies. KMnO, solution is remarkably stable over
prolonged periods, need not be protected from light, and may even be
boiled for a short time without appreciable change in concentration;
because of its high oxidation potential and excellent solution stability.
These methods involve two stages, oxidation of drug by KMnO, then
estimation of unconsumed KMnQ, with five different dyes (MB, AB, AR,
AM, AO) which are preferable because they react with KMnO;
simuitaneously. However they are used as indicator to estimate DIL.
KMnQ, reacts with DIL, resulting in oxidation depending upon the
functional group (-N-, -S-) present in DIL, probably a mixture of products,
vﬁth reproducible data under specified experimental conditions. The
remaining KMnO, react with dye to form an oxidative dye (colorless
product). The remaining dye is measured spectrophotometrically at their
corresponding Ay, The absorption spectra of the reaction products of the

method show characteristic Ay, value, as shown in Fig. 13.

HI1.1. Effect of potassium permanganate concentration

The influence of the concentration of KMnO, was studied using
different concentrations ranging from 1.0 x 10 - 1.0 x 10 M. The highest
result was obtained with 5.0 x 10™ M; higher concentrations of KMnQ,
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Fig. (13): Absorption spectra for the reaction product of 5.0 pg ml™ of diltiazem HCI with KMnO,
(5.0 x 10™* M) and dyes (1.0 x 107 M) except on using methylene blue (1.0 x 10™* M)




caused the color to fade. The effect of different experimental variable were

studied and recorded below

I11.3.2. Effect of acid concentration

Different types of acids were examined (H,SO,, H;PO, and
CH;COOH) to achieve maximum yield of redox reaction. Sulphuric acid
was preferable with using the KMnO, oxidant. To each 10 ml measuring
flask, 0.5 ml of the DIL (100 pg ml™") equivalent to 5.0 ug ml™ and 1.0 ml
of KMnO, (5.0 x 10™ M) was added, 0.5 ml of H,SO; (2.0 M) is the
optimum concentration of acid, then the solution was diluted to 7.0 ml.
After 10 min standing time at 70 °C in water bath, the solution was cooled
for about 3.0 min, dye was added and then complete to 10 ml total volume

as shown in Fig. 14.

I11.3.3. Effect of time and temperature

The effect of time on the oxidation process of DIL was investigated
By measuring the absorbance of a solution containing 5.0 ug ml™ (0.5 ml of
100 pg ml") of the drug, oxidant and acid solution against blank solution
prepared by the same way without drug at various time intervals. Also the
effect of temperature was studied by heating the sample solution and the
blank at different temperature. (30-100 °C) in water bath. The reaction took
place completely after 10 min and at 70 °C in water bath. Raising the
temperature more than 70 °C did not accelerate the oxidation process. The
effect of time after addition of dye was studied by measuring the
absorbance at various time intervals. The absorbance indicated that shaken
for 2.0 min was sufficient to give reliable results. The color remains

constant for at least 48 hours and stable until 90 °C in case of all dyes.
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I11.3.4. Effect of sequence of additions

The effect of sequence of additions on the oxidation process was
studied by measuring the absorbance of solution prepared by different
sequence of additions at An, against a blank solution prepared in the same

manner. Experiments showed that (oxidant-acid-drug) gave the best resulits.

IIL.3.5. Effect of dye concentration

To establish the optimum concentration of dye, different volumes of
the five different dyes were added to the proposed concentration of DIL 5.0
pg ml’'. The optimum volumes used for production of maximum and
reproducible color intensity are 1.4 ml (1.0 x 10™* M) MB, whereas 0.7, 0.5,
0.6 and 0.7 ml (1.0 x 10> M) for AB, AR, AM and AO, respectively were

used as optimum dye volume as shown in Fig. 15.

II1.3.6. Molar ratio method

The stoichiometry of [O]/[Dye] at the selected conditions was carried
out, the oxidant was kept constant and variable concentrations of dye (1 x
10° M MB, 1 x 10° M for AB, AR, AM and AO) were added and 5.0 pg
ml" of DIL. The absorbance values were then plotted against the molar
ratio [O]/[Dye] as shown in Fig. 16. Experimental results showed that the
inflection of the two straight lines at 0.36, 0.71, 1.0, 0.83 and 0.71 in case
of MB, AB, AR, AM and AQ, respectively. Thus the stoichiometry ratio of
oxidant to dye are 1.0: 0.28,1.0:1.41,1.0:1.0,1.0: 1.49and 1.0 : 1.59 in
case of MB, AB, AR, AM and AO, i'espectively as recorded in Table 8.

The molar ratio between DIL and oxidant at the selected conditions
was investigated [169]. In this method 1.0 ml of 5.0 x10* M KMnO; is
kept constant and variable concentrations (0.1-2.5 ml) of DIL 5.0 x 10* M
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Results and discussion

were added. The absorbance was measured at Am,, (654, 609, 510, 521 and
484 nm using MB, AB, AR, AM and AOQ, respectively) against blank
solution prepared in the same manner. The absorbance values were then
plotted against the molar ratio [D]/[O] as shown in Fig. 17. Experimental
results showed that the inflection of the two straight lines at 0.9, 0.42, 0.5,
0.4 and 0.31 in case olf MB, AB, AR, AM and AO, respectively. Thus
molar ratios of DIL to oxidant are 1.0: 1.11, 1.0 : 2.38, 1.0 : 2.0, 1.0 : 2.50
and 1.0 : 3.23 in case of MB, AB, AR, AM and AQ, respectively.

II1.3.7. Validity of Beer's law

Calibration graphs were constructed using standard solution of DIL.
Under the optimum conditions, a linear relationship existed between the
absorbance and drug concentration. The correlation coefficient, slopes,
intercepts, are calculated using the former equations. For more accurate
results, Ringbom optimum concentration ranges were determined by
plotting log {D], concentration of the drug in pg ml”, against percent
transmittance. The linear portion of the S-shaped curve gave the accurate
range of analysis. The mean molar absorptivities and Sandell sensitivities
are calculated from Beer's law as recorded in Table 8, while representative
curves on the validity of Beer's law are shown in Fig. 18. The detection and
quantitation limits were calculated from the standard deviation of
absorbance measurements obtained from a series of 13 blank solutions for
each procedure. The limits of detection (K = 3) and of quantitation (K =10)
were established according to IUPAC definitions [181]
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(5.0x 10* M) and dyes (1.0 x 10° M) except on using methylene blue (1.0

x 107 M)




II1.3.8. Accuracy and precision [182]

In order to determine the accuracy and precision of the proposed
methods, solutions containing three different concentrations of DIL were
prepared and analyzed in six replicates. The results are summarized in
Table 9. The % standard deviations and the % error at 95% confidence
level were calculated. The results can be considered to be very satisfactory,

at least for the level of concentrations examined.

II1.3.9. Interference

A systematic quantitative study was undertaken by measuring the
absorbance of solutions containing 5.0 pug ml™ of DIL with varying
concentration of the additives and excipients such as glucose, lactose,
fructose, calcium, hydrogen phosphate, magnesium stearate and starch.
There are interference for glucose, fructose and lactose 2-fold, and there are

not interference for other excipients.

I11.3.10. Analytical applications

The validity of the proposed procedures is tested by determining DIL
in tablets obtained from local manufacturing companies as mentioned
before. The concentration of DIL in dosage forms were calculated from the
appropriate calibration graphs. There was no shift in the absorption
maximum or absorbance due to the presence of other constituent on the
dosage forms. The results are compared with those obtained by applying
the official methods [172]. The results obtained were compared statistically
by the Student's t-test and variance ratio F-test with those obtained by
official methods on the sample of the same batch. The Student's t-test

values obtained at 95% confidence level and five degree of freedom did not

iz}




Results and discussion

exceed the theoretical tabulated value indicating no significant difference
between accuracy of the proposed and the official method. Also, the
variance ratio F-test obtained at 95% confidence level and five degree of
freedom did not exceed the theoretical tabulated value indicating no
significant difference between precision of the proposed and the official

methods, as recorded in Table 10. |
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e ———————————————————— R esults and discussion

I1.4. Absorption spectra of the atenolol with KMnO, and different
dyes

No attempts have been made to develop a spectrophotometric
- method for determination of atenolol (ATL) by oxidation with potassium
permanganate, using five dyes under studies. KMnO, solution is
remarkably stable over prolonged periods, need not be protected from light,
and may even be boiled for a short time without appreciable change in
concentration; because of its high oxidation potential and excellent solution
stability. These methods involve two stages, oxidation of drug by KMnO,
then estimation of unconsumed KMnOQ, with five different dyes (MB, AB,
AR, AM, AO) which are preferable because they react with KMnO,
simultaneously. However they are used as indicator to estimate atenolol.
KMnO, reacts with ATL, resulting in oxidation depending upon the
functional group (-NH, -NH,) present in ATL, probably a mixture of
products, with reproducible data under specified experimental condition.
The remaining KMnO; react with dye to form an oxidative dye (colorless
product). The remaining dye is measured spectrophotometrically at their
corresponding An. (658, 609, 509, 520 and 485 nm using MB, AB, AR,
AM and AO, respectively) as shown in Fig. 19.

III.1.1. Effect of potassium permanganate concentration

The influence of the concentration of KMnQ, was studied using
different concentrations ranging from 1.0 x 10° - 1.0 x 10* M. The highest
result was obtained with 5.0 x 10* M; higher concentrations of KMnO,
caused the color to fade. The effect of different experimental variable were

studied and recorded below
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Fig. (19): Absorption spectra for the reaction product of 3.5 pg ml” of atenolol with KMnO,
(5.0 x 10* M) and dyes (1.0 x 10° M) except on using methylene blue (1.0x 10* M)




Results and discussion

111.4.2. Effect of acid concentration

Different types of acid were examined (H,SO,;, H3;PO4 and
CH;COOH) to achieve maximum yield of redox reaction. H,SO, was
preferable with using the KMnO, oxidant. To each 10 ml measuring flask
3.5 pg ml™ (0.35 ml of 100 pg ml™") of the ATL and 1.0 m! of KMnO, (5.0
x 10* M) was added, 0.5 ml of H,SO4 (2.0 M) is the optimum
concentration of acid, then the solution was diluted to 7.0 ml. After 10 min
standing time at 80 °C in water bath, the solution was cooled for about 3.0

min; dye was added, then complete to 10 ml total volume as shown in Fig.
20.

I11.4.3. Effect of time and temperature

The effect of time on the oxidation process of ATL was investigated
by measuring the absorbance of a solution containing 3.5 pg ml™ the drug,
oxidant and acid solution against blank solution prepared by the same way
without drug at A, 658, 609, 509, 520 and 485 nm using MB, AB, AR,
AM and AQO, respectively, at various time intervals. Also the effect of
temperature was studied by heating the sample solution and the blank at
different temp. (30-100 °C) in water bath. The reaction took place
completely after 10 min, and at 80 °C temperature in water bath. Raising
the temperature more than 80 °C did not accelerate the oxidation process.
The effect of time after addition of dye was studied by measuring the
absorbance at various time intervals (1.0-5.0 min). The absorbance
indicated that shaken for 1.0 min was sufficient to give reliable results. The
produced color remains constant for at least 48 hours and stable until 90 °C

in case of all dyes.

2 fi <
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Fig. (20): Effect of ml added of sulphuric acid (2.0 M) on absorbance of 3.5 pg ml™
of atenolol with KMnO; (5.0 x 10 M) and dyes (1.0 x 10° M) except on
using methylene blue (1.0 x 104 M)
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Fig. (21): Effect of ml added of dyes (1.0 x 10 M) except on using methylene blue.
(1.0 x 10* M) on absorbance of 3.5 ug ml! of atenolol with KMnO, (5.0x 10" M)




II1.4.4. Effect of sequence of additions

The effect of sequence of additions on the oxidation process was
studied by measuring the absorbance of solution prepared by different
sequence of additions at A,y against a blank solution prepared in the same

manner. Experiments showed that (6xidant~acid—drug) gave the best results.

II1.4.5. Effect of dye concentration

To establish the optimum concentration of dye, different volumes of
the five different dyes were added to the proposed concentration of ATL
(3.5 pg ml'™"). The optimum volumes used for production of maximum and
reproducible color intensity are 1.4 ml (1.0 x 10 M) MB as shown in Fig.
26, whereas 0.7, 0.55, 0.75 and 0.7 ml (1.0 x10° M) for AB, AR, AM and

AQ, respectively were used as optimum dye volume as shown in Fig. 21.

IIL.4.6. Molar ratio method

The molar ratio between oxidant and dye [O]/[Dye] at the selected
conditions was carried out, the oxidant was kept constant and variable
concentrations of dye (1 x 10* M MB, 1 x 10> M for AB, AR, AM and
AO) were added and 3.5 pg ml" of ATL. The absorbance values were then
plotted against the molar ratio [O]/[Dye] as shown in Fig. 22. Experimental
results showed that the inflection of the two straight lines at 0.36, 0.71,
0.91, 0.67 and 0.63 in case of MB, AB, AR, AM and AO, respectively.
Thus the stoichiometric ratio of oxidant to dye are 1.0 : 0.28, 1.0 : 1.41, 1.0
: 1.1, 1.0 : 1.49 and 1.0 : 1.59 in case of MB, AB, AR, AM and AO,

respectively as recorded in Table 11.
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Fig. (22): Molar ratio method [OV/

[Dye] for 3.5 pg ml”! of atenolol with KMnO, (5.0
x 10* M) and dyes (1.0 x 10° M)

except on using methylene blue (1.0 x 10 M)
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In order to investigate the molar ratio between ATL and oxidant at
the selected conditions, the molar ratio method described by Yoe and Jones
[169] was carried out. In this method 1.0 ml of 5.0 x10™* M KMnO;, is kept
constant and variable concentrations (0.1-2.5 ml) of ATL 5.0 x 10™* M were
added. The absorbance was measured at Ay, (658, 609, 509, 520 and 485
- nm using MB, AB, AR, AM and AOQ, respectively) against blank solution
prepared in the same manner. The absorbance values were then plotted
against the molar ratio [D]/[O] as shown in Fig. 23. Experimental results
showed that the inflection of the two straight lines at 0.39, 0.39, 0.40, 0.33
and 0.44 in case of MB, AB, AR, AM and AQ, respectively. Thus molar
ratios of ATL to oxidant are 1.0 : 2.56, 1.0 : 2.56, 1.0 : 2.50, 1.0 : 3.03 and
1.0 : 2.27 in case of MB, AB, AR, AM and AQ, respectively as recorded in
Table 11.

I11.4.7. Validity of Beer's law

Calibration graphs were constructed using standard solution of ATL.
Under the optimum conditions, a linear relationship existed between the
absorbance and drug concentration as listed in Table 11. The correlation
coefficient, slopes, intercepts, are calculated using the former equations.
For more accurate results, Ringbom optimum concentration ranges were
determined by plotting log [D], concentration of the drug in pug mil’,
against percent transmittance. The linear portion of the S-shaped curve
gave the accurate range of analysis. The mean molar absorptivities and
Sandell sensitivities are calculated from Beer's law as recorded in Table 11,
while representative curves on the validity of Beer's law for ATL with the
different dyes are shown in Fig. 24. The detection and quantitation limits

were calculated from the standard deviation of absorbance measurements
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Fig. (23): Molar ratio method for atenolol (5.0 x 10™* M) using KMnOj4 (5.0 x 107* M)
and dyes (1.0 x 10 M) except on using methylene blue (1.0 x 10 M)

0.0

1.4
. =% Methylene blue i
12 b ~®-Acidblue 74 |
) © == Acid red 73
. ==Acid red 27 :
|

1.0 } \ =% Acid orange 7

08

0.6

Absorbance

04

02

0.0
0.0 L0 2.0 30 4.0 5.0 6.0 7.0

[D] pg m1”

Fig. (24). Vahdlty of Beer’s law for reactlon product of atenolol with KMnQ, (5.0 x
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obtained from a series of 13 blank solutions for each procedure. The limits
of detection (K = 3) and of quantitation (K =10) were established according
to IUPAC definitions [181]

111.4.8. Accuracy and precision [182]

In order to determine the accuracy and precision of the proposed
methods, solutions containing three different concentrations of ATL were
prepared and analyzed in six replicates. The results are summarized in
Table 12. The % standard deviations and the % error at 95% confidence
level were calculated. The results can be considered to be very satisfactory,

at least for the level of concentrations examined.
111.4.9. Interference

A systematic quantitative study was undertaken by measuring the
absorbance of solutions containing 3.5 pg ml1™' of ATL with varying
concentration of the additives and excipients such as glucose, lactose,
fructose, calcium hydrogen phosphate, magnesium stearate and starch.
There are interference for glucose, fructose and lactose 2-fold, and there are

not interference for other excipients.

111.4.9. Analytical applications

The validity of the proposed procedures are tested by determining
ATL in tablets obtained local from manufacturing companies as mentioned
before. The concentration of ATL in dosage forms were calculated from
the appropriate calibration graphs. There was no shift in the absorbance due
to the presence of other constituent on the dosage forms. The results are

compared with those obtained by applying the official methods [173]. The
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results obtained were compared statistically by the Student's t-test and
variance ratio F-test with those obtained by official methods on the sample
of the same batch. The Student's t-test values obtained at 95% confidence
level and five degree of freedom did not exceed the theoretical tabulated
value indicating no significant difference between accuracy of the proposed
and the official method. Also, the variance ratio F-test obtained at 95%
confidence level and five degree of freedom did not exceed the theoretical
tabulated value indicating no significant difference between precision of

the proposed and the official methods, as shown in Tables (13 and 14).
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———————————————— R 51t s and discussion

II1.5. Absorption spectra of the lisinopril dihydrate with KMnQ, and
different dyes

No attempts have been made to develop a spectrophotometric
method for determination of lisinopril dihydrate (LIS) by oxidation with
potassium permanganate, using five dyes under studies. KMnQ, solution is
remarkably stable over prolonged periods, need not be protected from light,
and may even be boiled for a short time without appreciable change in
concentration; because of its high oxidation potential and excellent solution
stability. These methods involve two stages, oxidation of drug by KMnO,
then estimation of unconsumed KMnQ, with five different dyes (MB, AB,
AR, AM, AO) which are preferable because they react with KMnO,
simultaneously. However they are used as indicator to estimate LIS.
KMnQ, reacts with LIS, resulting in oxidation depending upon the
functional group (-NH, -NH,) present in LIS, probably a mixture of
products, with reproducible data under specified experimental condition.
The remaining KMnOQO, react with dye to form an oxidative dye (colorless
product). The remaining dye is measured spectrophotometrically at their
corresponding An.. The absorption spectra of the reaction products of the
method show characteristic Ap,, (665, 610, 509, 521 and 485 nm using MB,
AB, AR, AM and AOQ, respectively) value, as shown in Fig. 25.

I11.1.1. Effect of potassium permanganate concentration

The influence of the concentration of KMnQO, was studied using
different concentrations ranging from 1.0 x 10” - 1.0 x 10™* M. The highest
result was obtained with 5.0 x 10 M; higher concentrations of KMnO,
caused the color to fade. The effect of different experimental variable were

studied and recorded below
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Fig. (25): Absorption spectra for the reaction product of 5.0 pg ml” of lisinopril dihydrate with
KMnOy (5.0 x 10* M) and dyes (1.0 x 107 M) except on using methylene blue (1.0 x 10 M)




Results and discussion

IIL.5.2. Effect of acid concentration

Different types of acids were examined (H,SO, H;PO; and
CH;COOH) to achieve maximum yield of redox reaction. H,SO4 was
preferable with using the KMnO, oxidant. To each 10 m! measuring flask,
5.0 pg ml" LIS (0.5 ml of 100 pg ml™), and 1.0 ml of KMnO; (5.0 x 10™
M) was added, 0.5 ml of H,SO; (2.0 M) is the optimum concentration of
acid, then the solution was diluted to 7.0 ml, after 5.0 min standing time at
80 °C in water bath, the solution was cooled for about 3.0 min, dye was

added, then complete to 10 mi total volume as shown in Fig. 26.

IIL.5.3. Effect of time and temperature

The effect of time on the oxidation process of LIS was investigated
by measuring the absorbance of a solution containing 5.0 pug ml” the drug,
oxidant and acid solution (H,SQ,) against blank solution prepared by the
same way without drug at Ane 665, 610, 509, 521 and 485 nm using MB,
AB, AR, AM and AO, respectively, at various time intervals. Also the
effect of temperature was studied by heating the sample solution and the
blank at different temperature (30-100 °C) in water bath. The reaction took
place completely after 5.0 min; and at 80 °C temperature in water bath.
Raising the temperature than 80 °C did not accelerate the oxidation process.
The effect of time after addition of dye was studied by measuring the
absorbance at various time intervals (1.0-5.0 min). The absorbance
indicated that shaken for 1.0 min is sufficient to give reliable results. The
produced color remains constant for at least 48 hours and stable until 90 °C

in case of all dyes.
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Fig. (26): Effect of ml added of sulphuric acid (2.0 M) on absorbance of 5.0 pg ml™!
of lisinopril dihydrate with KMnO4 (5.0 x 10* M) and dyes (1.0 x 10° M)
except on using methylene blue (1.0 x 10* M)
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Fig. (27): Effect of ml added of dyes (1.0 x 10 M) except on using methylene blue
(1.0 x 10* M) on absorbance of 5.0 pg ml"! of lisinopril dihydrate with
KMnO; (5.0 x 10 M)




I11.5.4. Effect of sequence of additions

The effect of sequence of additions on the oxidation process of LIS
was studied by measuring the absorbance of solution prepared by different
sequence of additions at Am,y against a blank solution prepared in the same

manner. Experiments showed that (oxidant-acid-drug) gave the best results.

IIL5.5. Effect of dye concentration

To establish the optimum concentration of dye, different volumes of
the five different dyes were added to the proposed concentration of LIS 5.0
pg mi'. The optimum volumes used for production of maximum and
reproducible color intensity are 1.5 ml (1.0 x 10" M) MB, whereas 0.8,
0.35, 0.6 and 0.6 ml (1.0 x 107 M) for AB, AR, AM and AO, respectively

were used as optimum dye volume as shown in Fig. 26.

II1.5.6. Molar ratio method

The molar ratio between oxidant and dye [O}/[Dye] at the selected
conditions was carried out, the oxidant was kept constant and variable
concentrations of dye (1 x 10*MMB, 1 x 10> M for AB, AR, AM and
AO) were added and 5.0 pg ml™! of LIS. The absorbance values were then
plotted against the molar ratio [O)/[Dye] as shown in Fig. 28. Experimental
results showed that the inflection of the two straight lines at 0.33, 0.63,
1.25, 0.83 and 0.83 in case of MB, AB, AR, AM and AOQ, respectively.
Thus the stoichiometric ratio of oxidant to dye are 1.0 : 0.3, 1.0: 1.59, 1.0 :
0.8, 1.0 : 1.2 and 1.0 : 1.2 in case of MB, AB, AR, AM and AOQO,

respectively as recorded in Table 15.

In order to investigate the molar ratio between LIS and oxidant at the

selected conditions, the molar ratio method described by Yoe and Jones
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Fig. (28): Molar ratio method [O}/[Dye] for 5.0 ug ml”! of lisinopril dihydrate with
KMnO, (5.0 x 10* M) and dyes (1.0 x 10° M) except on using methylene
blue (1.0 x 107 M)




Results and discussion

[169] was carried out. In this method 1.0 ml of 5.0 x10™* M KMnO, is kept
constant and variable concentrations (0.1-2.5 ml) of LIS 5.0 x 10* M were
added. The absorbance was measured at Ap, against blank solution
prepared in the same manner. The absorbance values were then plotted
against the molar ratio [D])/{O] as shown in Fig. 29. Experimental results
showed that the inflection of the two straight lines at 0.65, 0.44, 0.43, 0.32
and 0.41 in case of MB, AB, AR, AM and AO, respectively. Thus molar
ratios of LIS to oxidant are 1.0 : 1.54, 1.0 :2.27, 1.0 : 2.33, 1.0 : 3.13 and
1.0 : 2.44 in case of MB, AB, AR, AM and AOQ, respectively.

IIL.5.7. Validity of Beer's law

Calibration graphs were constructed using standard solution of LIS.
Under the optimum conditions, a linear relationship existed between the
absorbance and drug concentration as listed in Table 15. The correlation
coefficient, slopes, intercepts, are calculated using the former equations.
For more accurate results, Ringbom optimum concentration ranges were
determined by plotting log [D], concentration of the drug in pg ml™,
against percent transmittance. The linear portion of the S-shaped curve
gave the accurate range of analysis. The mean molar absorptivities and
Sandell sensitivities are calculated from Beer's law as recorded in Table 15,
while representative curves on the validity of Beer's law for LIS with
different dyes are shown in Fig. 30. The detection and quantitation limits
were calculated from the standard deviation of absorbance measurements
obtained from a series of 13 blank solutions for each procedure. The limits
of detection (K = 3) and of quantitation (K =10) were established according
to IUPAC definitions [181]




== Methylene blue
=0~ Acid blue 74
-8~ Acid red 73
~4— Acid red 27
=%~ Acid orange 7

v . 4

+

Absorbance

0.0 1 1 1 1 1 L 1 L ] 1
00 01 02 03 04 05 06 07 08 09 10 11

[D}/[0]

Fig. (29): Molar ratio method for lisinopril dihydrate (5.0 x 10 M) using KMnO,
(5.0 x 10* M) and dyes (1.0 x 10” M) except on using methylene blue (1.0

x10* M)
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Fig. (30): Validity of Beer’s law for reaction product of lisinopril dihydrate with
KMnO; (5.0 x 10 M) and dyes (1.0 x 10° M) except on using methylene
blue (1.0 x10™* M)




Results and discussion

II1.5.8. Accuracy and precision [182]

In order to determine the accuracy and precision of the proposed
methods, solutions containing three different concentrations of LIS were
prepared and analyzed in six replicates. The analytical results obtained
from this investigation are summarized in Table 16. The % standard
deviations and the % error at 95% confidence level were caltculated. The
results can be considered to be very satisfactory, at least for the level of

concentrations examined.

IIL.5.9. Interferences

A systematic quantitative study was undertaken by measuring the
absorbance of solutions containing 5.0 pg ml™’ of LIS with varying
concentration of the additives and excipients such as glucose, lactose,
fructose, calcium hydrogen phosphate, magnesium stearate and starch.
There are interference for glucose, fructose and lactose 2-fold, and there are

not interference for other excipients.

II1.5.10. Analytical applications

The validity of the proposed procedures is tested by determining LIS
in tablets obtained from local manufacturing companies as mentioned
before. The concentration of LIS in dosage forms were calculated from the
appropriate calibration graphs. There was no shift in the absorption
maximum or absorbance due to the presence of other constituent on the
dosage forms. The results are compared with those obtained by applying
the official methods [174]. The results obtained were compared statistically
by the Student's t-test and variance ratio F-test with those obtained by
official methods on the sample of the same batch. The Student's t-test
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Results and discussion

values obtained at 95% confidence level and five degree of freedom did not
exceed the theoretical tabulated value indicating no significant difference
between accuracy of the proposed and the official method. Also, the
variance ratio F-test obtained at 95% confidence level and five degree of
freedom did not exceed the theoretical tabulated value indicating no
significant difference between precision of the proposed and the official

methods, as shown in Table 17.
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s c————————————————————— Results and discussion

I11.6. Absorption spectra of the enalapril maleate with KMnO, and
different dyes

No attempts have been made to develop a spectrophotometric
method for determination of enalapril maleate (ENM) by oxidation with
potassium permanganate, using five dyes under studies. KMnOj, solution is
remarkably stable over prolonged periods, need not be protected from light,
and may even be boiled for a short time without appreciable change in
concentration; because of its high oxidation potential and excellent solution
stability. These methods involve two stages, oxidation of drug by KMnO,
then estimation of unconsumed KMnO, with the five different dyes (MB,
AB, AR, AM, AO) which are preferable because they react with KMnO,
simultaneously however they are used as indicator to estimate ENM.
KMnO, reacts with ENM, resulting in oxidation depending upon the
functional group (-NH, -N-) present in ENM, probably a mixture of
products, with reproducible data under specified experimental condition.
The remaining KMnO, react with dye to form an oxidative dye (colorless
product). The remaining dye is measured spectrophotometrically at their
corresponding Ama. The absorption spectra of the reaction products of the
method show characteristic Amax value (665, 609, 510, 521 and 484 nm
using MB, AB, AR, AM and AO, respectively), as shown in Fig. 31.

II1.1.1. Effect of potassium permanganate concentration

The influence of the concentration of KMnO, was studied using
different concentrations ranging from 1.0 x 107 - 1.0 x 10* M. The highest
result was obtained with 5.0 x 10 M; higher concentrations of KMnO,
caused the color to fade. The effect of different experimental variable were

studied and recorded below
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Fig. (31): Absorption spectra for the reaction product of 6.0 ug ml™ of enalapril maleate with KMnOj
(5.0 x 10"* M) and dyes (1.0 x 107 M) except on using methylene blue (1.0 x 10* M)




e ————————————————————— Results and discussion

I11.6.2. Effect of acid concentration

Different types of acids were examined (H,SO4, H;PO; and
CH;COOH) to achieve maximum yield of redox reaction. The most
suitable acid to be used was found H,SO,. To each 10 m} measuring flask,
0.6 ml of the ENM (100 pg mI™") and 1.0 ml of KMnO, (5.0 x 10™ M) was .
added, 1.0 ml of H,SO; (0.2 M) is the optimum concentration of acid, then
the solution was diluted to 7.0 ml, after 5.0 min standing time at 60 °C in
water bath, the solution was cooled for about 3.0 min, dye was added; then

complete to 10 ml total volume as shown in Fig. 32.

I11.6.3. Effect of time and temperature

The effect of time on the oxidation process of ENM was investigated
by measuring the absorbance of a solution containing 6.0 pg ml" of the
drug, oxidant and acid solution against blank solution prepared by the same
way without drug at Amax 665, 609, 510, 521 and 484 nm using MB, AB,
AR, AM and AO, respectively, at various time intervals. Also the effect of
témperature was studied by heating the sample solution and the blank at
different temperature (30-100 °C) in water bath. The reaction took place
completely after 5.0 min, and at 40 °C temperature in water bath. Raising
the temperature than 40°C did not accelerate the oxidation process. The
effect of time after addition of dye was studied by measuring the
absorbance at various time intervals (1.0-5.0 min). The absorbance
indicated that shaken for 1.0 min, is sufficient to give reliable results. The
color remains constant for at least 48 hours and stable until 90 °C in case of

all dyes.
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T ————— S —— Results and discussion

I11.6.4. Effect of sequence of additions

The effect of sequence of additions on the oxidation process of ENM
was studied by measuring the absorbance of solution prepared by different
sequence of additions at Am,x against a blank solution prepared in the same

manner. Experiments showed that (oxidant-acid-drug) gave the best results.

I11.6.5. Effect of dye concentration

To establish the optimum concentration of dye, different volumes of
the five different dyes were added to the proposed concentration of ENM
(6.0 pg ml™). The optimum volumes used for production of maximum and
reproducible color intensity are 1.5 ml (1.0 x 10™* M) MB as shown in Fig.
40, whereas 0.8, 0.5, 0.6 and 0.8 ml (1.0 x 10° M) for AB, AR, AM and

AO, respectively were used as optimum volume as shown in Fig. 33.

1I1.6.6. Molar ratio method

The molar ratio between oxidant and dye [O]/[Dye] at the selected
conditions was carried out, the oxidant was kept constant and variable
concentrations of dye (1 x 10* M MB, 1 x 10° M for AB, AR, AM and
AQ) were added and 6.0 pg ml"! of ENM. The absorbance values were then
plotted against the molar ratio [O)/[Dye] as shown in Fig. 34. Experimental
results showed that the inflection of the two straight lines at 0.33, 0.63, 1.0,
0.83 and 0.63 in case of MB, AB, AR, AM and AO, respectively. Thus the
stoichiometric ratio of oxidant to dye are 1.0: 0.3,1.0: 1.59,1.0: 1.0, 1.0 :
12 and 1.0 : 1.59 in case of MB, AB, AR, AM and AO, respectively as
recorded in Table 18.

In order to investigate the molar ratio between ENM and oxidant at

the selected conditions, the molar ratio method described by Yoe and Jones
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Fig. (34): Molar ratio method [O}/[Dye] for 6.0 ug m!"! of enalapril maleate with
KMnOs (5.0 x 10* M) and dyes (1.0 x 10 M) except on using methylene
blue (1.0x 10* M)




[169] was carried out. In this method 1.0 ml of 5.0 x10™ M KMnO; is kept
constant and variable concentrations (0.1-2.5 ml) of ENM 5.0 x 10 M
were added. The absorbance was measured at Apa (665, 609, 510, 521 and
484 nm using MB, AB, AR, AM and AO, respectively) against blank
solution prepared in the same manner. The absorbance values were then
plotfed against the molar ratio [D}Y/[O] as shown in Fig. 33. Experimental
results showed that the inflection of the two straight lines at 0.60, 0.60,
0.77, 0.37 and 0.47 in case of MB, AB, AR, AM and AO, respectively.
Thus molar ratios of ENM to oxidant are 1.0 : 1.67,1.0:1.67,1.0: 1.3, 1.0
- 2.7 and 1.0 : 2.13 in case of MB, AB, AR, AM and AO, respectively as
recorded in Table 18.

II1.6.7. Validity of Beer's law

Calibration graphs were constructed using standard solution of ENM.
Under the optimum conditions, a linear relationship existed between the
absorbance and drug concentration. The correlation coefficient, slopes,
intercepts, are calculated. For more accurate results, Ringbom optimum
concentration ranges were determined by plotting iog [D], concentration of
the drug in ug ml”, against percent transmittance. The linear portion of the
S-shaped curve gave the accurate range of analysis. The mean molar
absorptivities and Sandell sensitivities are calculated from Beer's law as
recorded in Table 18, while representative curves on the validity of Beer's
law for ENM with the different dyes are shown in Fig. 36. The detection
and quantitation limits were calculated from the standard deviation of
absorbance measurements obtained frofn a series of 13 blank solutions for
each procedure. The limits of detection (K = 3) and of quantitation (K =10)
were established according to TUPAC definitions [181]
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Fig. (36): Validity of Beer’s law for reaction product of enalapril maleate with

KMnO; (5.0 x 10 M) and dyes (1.0 x 10 M) except on using methylene
blue (1.0 x10* M)
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I11.6.8. Accuracy and precision [182]

In order to determine the accuracy and precision of the proposed
methods, solutions containing three different concentrations of ENM were
prepared and analyzed in six replicates. The results are summarized in
Table 19. The % standard deyiations and the % error at 95% confidence
level were calculated. The results can be considered to be very satisfactory,

at least for the level of concentrations examined.

II1.6.9. Interferences

A systematic quantitative study was undertaken by measuring the
absorbance of solutions containing 6.0 pg ml1” of ENM with varying
concentration of the additives and excipients such as glucose, lactose,
fructose, calcium hydrogen phosphate, magnesium stearate and starch.
There are interference for glucose, fructose and lactose 2-fold, and there are

not interference for other excipients.

I11.6.10. Analytical applications

The validity of the proposed procedures is tested by determining
ENM in tablets obtained from local manufacturing companies as mentioned
before. The concentration of ENM in dosage forms were calculated from
the appropriate calibration graphs. There was no shift in absorbance due to
the presence of other constituent on the dosage forms. The results are
compared with those obtained by applying the official methods [175]. The
results obtained were compared statistically by the Student's t-test and
variance ratio F-test with those obtained by official methods on the sample
of the same batch. The Student's t-test values obtained at 95% confidence

level and five degree of freedom did not exceed the theoretical tabulated

]’1
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value indicating no significant difference between accuracy of the proposed
and the official method. Also, the variance ratio F-test obtained at 95%
confidence level and five degree of freedom did not exceed the theoretical
tabulated value indicating no significant difference between precision of |

the proposed and the official methods, as shown in Table 20.
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M Results and discussion

I11.7. Potentiometric titrations

The potentiometric techniques have been extensively used in many
branches of solution chemistry. Potentiometry is by far the most accurate
and widely applicable technique currently available for the study of ionic

equilibrium. The potential can arises from two types of phenomena:
i) Oxidation-reduction equilibrium.
ii) The formation of ionic concentration gradients across membranes.

If the reversible electron-transfer reaction:

can occur, the potential acquired by contact with an equilibrium mixture of

P, Q, seeeeee s X, Y e is given by Nernest equation:

E=p°+ KL |p BTUT

ZF  [PYIOY
Where the standard potential, E°, is the potential acquired when all species
are at unit activity. The electrode may be either, as in the so-called redox

system or itself composed of one of the participating species.

The electrode used in pH-metric titration is the glass electrode,
which can be used to determine the hydrogen ion concentration (h) in
solutions of constant ionic medium, which contain an excess of sodium
jons. Also many types of glass electrodes are available commercially; the
active membrane is in form of a fixed acidity, in contact with a reference
electrode, usually calomel electrode, if the titrations are carried out in
aqueous solutions. The whole electrode system may be represented as

reference electrode, [RE/H' fixed/glass membrane (GE)].

2
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The potential of the half-cell H'/GE at a constant ionic medium is
given by:

R (1)

Where the standard electrode potential, E°, is the potential acquired when
all species are at unit activity. It depends on the pH of the internal solution
and on the potential of the reference half-cell. The range of hydrogen ion
concentration over which equation (1) is valid for particular electrode

depends on the types of the used electrode and the state of hydration.

Measurements of the free hydrogen ion concentration of solutions of
different analytical composition may be used for studying a number of
types of equilibria involving protons, thus for the system H, L the average
number of hydrogen ions bounded to the free L can be expressed by the

following equation:

_ H-h+[OH]
=

Where H is the total ion concentration of dissociable hydrogen, and OH;
may usually be neglected in solution of pH <7.

The proton-drug stability constant K" was evaluated by Calvin and
Willson [183].

The average number of protons associated with the drug molecule, ,,, was

determined at different pH values using the following equation:
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where v, and v, are the volumes of alkali required to reach the same pH in
the titration curves of hydrochloric acid and the drug, respectively, v° is the
initial volume (50 ml) of the mixture, TC,° is the total concentration of the
drug, Y is the total number of dissociable protons attached with the drug,
N° is the normality of sodium hydroxide solution and E° is the initial
concentration of the free acid. The values of 5, are plotted vs. pH and the
values of proton-drug stability constant K" was calculated by interpolation

at half 5, values.

The pH-metric titration is performed firstly with the acid mixture
which consisting of 5.0 ml of 0.01 M hydrochloric acid and 5.0 ml of 1.0 M
potassium chloride, then completed to 50 ml with the appropriate volume
of bidistilled water and ethanol to achieve 40% (v/v) ethanolic aqueous

solution (mixture A)

The second mixture contains the volume of hydrochloric acid and
potassium chloride used in mixture (A) and 5.0 ml of 1.0 x 10% M of drug
solution, then completed to 50 ml with the appropriate volume of bidistilled
water and ethanol to achieve 40% (v/v) ethanolic aqueous solution (mixture
B)

Each mixture was separately titrated against 0.05 M of 40% (v/v)
ethanolic sodium hydroxide free-carbonate and the potentiometric titration
curves obtained are shown in Fig. 35. These curves are S-shaped with a
sharp jump. Potentiometric titration showed that, the curves of the titration
of drugs, appears to have a lower pH value (lower potential) than that of the

acid mixture.

The average number of the protons associated with drug, n, Is
calculated using equation (2). The plots of x, against pH of solution give
the proton-drug dissociation shown in Fig. 37. The proton dissociation

constants are obtained by the interpolation at half 7, values for the
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ionization -COOH, as in CAP, LIS and ENM, -SO;H, as in ADB, -OH, as
in ATL and —NH, as in LIS and ENM. The obtained results indicated that
four dissociation constants appeared for LIS pK; = 2.5, pKp = 4.1, pK3 =
6.67, pKs = 10.11 (2.5, 4.0, 6.7 and 10.1) [184], two dissociation constants
appeared for ENM pK,; = 3.0, pK, = 5.34 (3.0 and 5.4) [185] aqd one
dissociation constants appeared for CAP pK, = 3.66 (3.7) [7], ADB pK, =
4.1 and ATL pK; =9.55 (9.6) [121].

The free energy change AG for such dissociation was calculated

using the following relationship.

AG = - 2.303 RT log K" =2.303 RT pK"

Where T is the absolute temperature in Kelvin, R=8.3 x 10° k J mol™ deg”
and AG ink J mot™.

The free energy change AG for LIS is 19.02, 31.19, 50.75 and 76.92 k J
mol”, 22.82 and 40.63 for ENM, 27.61 for CAP, 31.19 for ADB and 72.66
k J mol” for ATL.

The positive values of AG reveal that the dissociation of these drugs

is not spontaneous.
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