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Summary
The thesis includes four chapters:
Chapter one:

This chapter includes a general introduction about the two drug
compounds (nimodipine and phenylephrine hydrochloride) and the chemical
reagents that were used during the research and their employing in analytical
chemistry. In addition, the medical importance of the two drug compounds, their
structural formulas, some physical properties and their therapeutic uses for many
different diseases, as well as the objective of the research is clarify in this

chapter.
Chapter two:

Chapter two contains a review of the different analytical methods which
were used in the estimation of nimodipine and phenylephrine hydrochloride in

their pure forms, pharmaceutical preparations and in other samples.

Chapter three:
Part (I)

This part involves the use of a new, sensitive and simple spectroph-
otometric approach for the determination of nimodipine as pure form, in the
pharmaceutical preparation and biological fluids through charge-transfer
complex formation reaction. The method was based on the formation of a
charge-transfer complex by the reaction of reduced nimodipine with 2,3-
dichloro - 5,6 - dicyano-p-benzoquinone (DDQ) reagent. The resulting yellow-
orange complex is soluble in water and exhibited maximum absorption value at
wavelength of 464 nm against corresponding reagent blank. The resulting
complex was found to be stable for at least 1hr. and obeyed Beers law in the
concentration range between 1 to 40 pg/ml with an excellent determination

coefficient (R*=0.9989). Sandell's index and the value of molar absorptivity are



equal to 0.02456 pg/cm” and 1.7031x10* I/mol.cm,. correspondingly. The values
of LOD and LOQ were calculated and found to be 0.00512 and 0.01737 pg/ml,
respectively. The precision (RSD) was estimated to be less than 1.11%, whereas
the recovery percentage were found to be in the range of 97.2% — 102.1%. The
nature of the resulting product has been diagnosed between nimodipine : DDQ
and it was 1:1 ratio. The suggested approach was successfully applied to assay
nimodipine in tablet, urine and serum. In order to check the selectivity and
validity of the suggested method, standard addition method was applied. The
development method was compared with a method published in literatures and
the results confirmed that the experimental t and F tests values were less than the

tabulated one at 95% confidence level.
Part (II)

This part comprises development of a sensitive and a simple spectroph-
otometric procedure to estimate nimodipine in the bulk, in the pharmaceutical
formulation and biological fluids. The method involves the reaction of reduced
nimodipine with an equimolar of nitrous acid to produce the corresponding
diazonium salt which was coupled with y-resorsolic acid reagent in a basic
solution of sodium hydroxide to give a yellow water-soluble and stable azo-dye
showed maximum absorption at 436 nm against its blank solution. Under
optimal conditions the linearity was obeyed to Beer's law over the concentration
range of 1 to 40 pg/ml with an exceptional determination coefficient
(R™=0.9988), the value of molar absorptivity was 1.8495x10* I/mol.cm and
Sandell's index was 0.0226 pg/cm®. The values of LOD and LOQ were 0.0059
and 0.0195 pg/ml, respectively. RSD value is better than 0.323%, the range of
recovery percentage were estimated from 102.10% to 103.80%, while the values
of error percent were from -3.80% to 2.10%. The stoichiometry of the product
was set up to be 1:1 diazotized reduced nimodipine : y-resorsolic acid. The
proposed method was successfully applied for estimating nimodipine in tablet,

serum and urine. A t-test has been investigate and the result values of t-test



experimental were under the tabulated value. Standard addition method was

applied to improve the efficiency and selectivity of the method.
Part (III)

It involves development of spectrophotometric procedure characterized by
high sensitivity and simplicity for estimating nimodipine in the bulk, in its
pharmaceutical preparation and biological fluids. This work was based on the
reaction of reduced nimodipine with p-aminoantipyrine reagent in the presence
of potassium iodate as an oxidant in an alkaline medium of NaOH solution to
form a yellow- light brown product, which is soluble in water and gave
maximum absorption at 464 nm versus the blank solution. The achieved product
was stable for more than 60 minutes and obeyed Beer's law in the concentration

range from 1 to 35 pg/ml with a determination coefficient (R*=0.9992) and

molar absorptivity 1.2679x10* I/mol.cm and Sandell's sensitivity 0.0330 pg/cm”.

LOD and LOQ values were calculated and found to be 0.01774 and 0.05914
ng/ml, respectively. RSD was estimated to be from 1.75% to 2.53%, while the
values of recovery percentage were in the range from 96.15% to 98.95%. In
order to check the validity of the suggested approach and its freeing from
interference standard addition method was applied. The stoichiometry of the
resulting product was set up to be 1:1 (NDP : 4-AAP). The suggested approach
was demonstrated and gave a good consequence when applied for tablet, serum
and urine. The statistic factors t-test and F-test values have also been

investigated and the results were less than the theoretical results at confidence

level of 95%.
Chapter four:
Part (I)

This part comprises development of a sensitive and rapid

spectrophotometric approach to analyze phenylephrine hydrochloride in its pure

form and in the different dosage forms. The suggested procedure was based on



the diazotization of sulfanillic acid reagent with equimolar of sodium nitrite in
the presences of hydrochloric acid to give the corresponding diazonium
compound, then followed by coupling with phenylephrine hydrochloride in a
basic solution of Na,CO; to produce a water soluble azo-dye which shows
maximum absorption peak at 441 nm versus its blank solution. The calibration
curve was adhered to Beer's law over the concentration range from 0.2 to 20

ng/ml with an excellent determination coefficient (R*=0.9996). The molar

absorptivity was 0.8513x10* I/mol.cm and Sandell's index was 0.0239 pg/cm*

The consequence of LOD and LOQ were 0.00502 and 0.0167 pg/ml,
correspondingly. The value of RSD is better than 1.336%, while the range of
recovery percentage were from 99.78% to 99.96%. The nature of the product
was proved that the ratio between phenylephrine hydrochloride and diazotized
sulfanillic acid is 1:1. The proposed approach was applied successfully to
estimate phenylephrine hydrochloride in injection, nasal drops and syrups from
different origins. A standard addition method for the estimation of
phenylephrine hydrochloride was carried out and the results indicated that there
is no interferences were observed from common additives found in
pharmaceutical formulations. A t-test has been studied and the results indicated
that there was no significant difference between t-experiment results and

tabulated values at 95% confidence level.
Part (IT)

A simple, rapid and sensitive spectrophotometric approach to assay
phenylephrine hydrochloride as pure form and in its pharmaceutical preparations
has been developed in this part. The method was based on the oxidative
coupling reaction of phenylephrine hydrochloride with p-aminobenzophenone
reagent in presence of potassium periodate as an oxidant to give a red-taupe
color product, which is soluble in water and showed maximum absorption peak

at 512 nm versus the blank solution. The resulting product was found to be



stable for more than lhr. The linearity of the calibration curve was followed
Beer's law in the range of concentrations from 2 to 20 pg/ml with determination
coefficient (R*=0.9986). The values of molar absorptivity and Sandell's index
are calculated and equal to 0.552x10* I/mol.cm and 0.0368 pg/cm’, respectively.
As for RSD values, they fall within the range 1.720% to 2.534% depending on
the concentration level. While, the recovery percentage range was between
100.014% to 100.48%. The value of LOD was equal to 0.0094 pg/ml, and LOQ
was equal to 0.0313 pg/ml. The nature of the resulting product was carried out
and the ratio of phenylephrine hydrochloride to p-ABph is 1:1. The reliability of
the development method was studied by finding statistical t and F tests and the
results revealed that there is no significant difference between the recommended
and reference methods. Standard addition method was applied to clarify the
validity and selectivity of the mention work. The recommended method was

used to estimate phenylephrine hydrochloride in injection and nasal drop.
Part (III)

This part includes the use of oxidation — reduction reaction to estimate
phenylephrine hydrochloride in the bulk and in its pharmaceutical formulations.
The principle of the method was based on the oxidation of phenylephrine
hydrochloride with potassium permanganate in alkaline medium of NaOH to
produce a bluish- green product of manganate (MnO,>) ion which exhibits
maximum absorption peak at 610 nm. The resulting colored product was stable
for about 60 minutes. The calibration curve was obeyed Beer's law in the
concentration range from 0.2 to 8 pg/ml, with an excellent value of
determination coefficient (R*=0.9998). Molar absorptivity and Sandell's
sensitivity were estimated to be 1.5722x10* I/mol.cm and 0.0129 pg/cm’
respectively. whereas the RSD values fall in the range 1.776% to 2.761%.
depending on the concentration level. The LOD and LOQ values were equal to
0.00275 and 0.00916 pg/ml, respectively. While, the range of recovery
percentage are between 98.93% to 101.68%. The mole ratio of phenylephrine



hydrochloride to KMnQO,4 was 1:2. The consequence of t-experimental has been
study and it turned out to be less than its tabular counterparts at confidence level
95%. Standard addition method has also been applied and the results show good
selectivity and validity of the mention work. The recommended approach was
applied successfully to assay phenylephrine hydrochlride in injection and nasal

drop.
Part (IV)

A sensitive and simple indirect spectrophotometric method was developed
for analyzing phenylephrine hydrochloride in the bulk and in its pharmaceutical
preparations in an aqueous media. The method was based on the oxidation of
phenylephrine-HCI by adding an excess amount of N-bromosuccinimide in an
acidic medium of HCI solution, the remaining amount of N-bromosuccinimide
was then used to bleach indigo carmine dye and the absorbance of the blue color
of the remaining dye is measured at the wavelength of 610 nm. which was
directly proportional to the concentration of phenylephrine-HCI. The limits of
Beer's law within the range 0.2 to 3.5 pg/ml with a good determination
coefficient (R*=0.9990), molar absorptivity of 5.5191x10" /mol.cm and
Sandell's sensitivity 0.0037 pg/cm’. As for RSD values, they fall within the
range 1.10% to 2.53% depending on the concentration level. The values of LOD
and LOQ has been assessment and found to be 0.000774 pg/ml and 0.00258
ng/ml respectively. While the range of recovery were found to be 97.95% to
99.27%. A standard addition method for the estimation of phenylephrine
hydrochloride was carried out and the results indicated that there is no
interferences were observed from common additives found in pharmaceutical
formulations. The proposed methods was used to analyze phenylephrine-HCI in
injection and nasal drop. A t-test has been studied and the results indicated that
there is no significant difference between t-experiment results and tabulated

values at 95% confidence level.
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