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Summery
This thesis consists of four chapters as follows:

Chapter one:

This chapter provides an overview of three groups of pharmaceutical
compounds investigated in the present study. It begins with the group of
indomethacin as an example of nonsteroidal anti-inflammatory drugs. The second
group encompasses chemotherapeutic drugs, with daunorubicin, doxorubicin, and
paclitaxel as prominent examples. The third group includes cilnidipine and
lercanidipine as notable examples of calcium channel blockers. This chapter
delves into the chemical, physical, and medical aspects of these compounds,
presenting details on their discovery, molecular formulas, molecular weights, and
physical properties, as well as highlighting their significant medical effects and
the main research objective.

Chapter two:

It involves a comprehensive review of the various analytical methods used
for estimating indomethacin, daunorubicin hydrochloride, doxorubicin hydro-
chloride, paclitaxel, cilnidipine, and lercanidipine hydrochloride in their pure
forms, pharmaceutical formulations, and biological fluids. It also reviews the
techniques employed to assess the accuracy and reliability of results reported in
the literatures for these drugs, contributing to a better understanding of how to
evaluate their efficiency and effects in different practical environments.

Chapter three: It includes five parts:
Part one:

This part includes development of two sensitive indirect
spectrophotometric methods for estimating indomethacin as pure form, in the
pharmaceutical preparations (capsules, suppositories and spray) and biological
fluids. The two methods were based on the reaction of indomethacin with
bromine, which was generated in situ using an excess of the friendly
environmental materials bromate-bromide mixture in an acidic medium. The
residual amount of bromine was then estimated by reaction with indigo carmine
(method A) or methyl violet 2B (method B) dyes, and the absorbance of the
remaining two dyes was then measured at wavelengths of 610 and 582 nm,
respectively. Both methods A and B follow Beer's law within the concentration
ranges 1-22 and 0.4-18 pug/ml with an excellent molar absorptivity value 2.51x10*
and 3.37x10* 1/mol.cm, correspondingly and Sandell's sensitivity values of
0.01426 and 0.01062 ug/cm?, respectively. The accuracy values were calculated



and found to be in the ranges 99.9% to 100.18%, and 99.97% to 100.12%, while
(RSD%) are better than 0.196 and 0.129 for methods A and B, respectively. Both
methods showed good precision and accuracy and adhered to green chemistry
principles by replacing elemental bromine with environmentally friendly
reagents.

Part two:

In this part two simple and inexpensive spectrophotometric methods were
proposed for the determination of indomethacin in an aqueous medium. The two
suggested approaches were based on the formation of a wine-red ion-pair complex
between indomethacin and chrome azurol S in presence of cetylpyridinium
chloride at pH4.8 which shows maximum absorption at 513 nm (method A) and
a pinkish-red complex with methyl red in presence of cetyltrimethylammonium
bromide at pH 4.3 that exhibits maximum absorption at 527 nm (method B). Both
methods followed Beer's law over the concentration ranges of 0.4-28 and 0.4-24
ug/ml, with molar absorptivities of 2.6369x10* and 3.0198x10* 1/mol.cm, and
Sandell's sensitivities of 0.01356 and 0.01185 pg/cm?, respectively. The precision
(RSD%) value is better than <0.715% for both methods depending on the
concentration level. Both recommended methods A and B have low detection limit
(LOD) values 0 0.0281 and 0.0327 pg/ml, and limit of quantification (LOQ) were
0.0937 and 0.1091 pg/ml respectively. The methods were successfully applied to
pharmaceutical preparations and biological fluids, showing no interference and
good agreement with standard addition results and green chemistry metrics. The
environmental assessment results were in good agreement, with averages of 0.82
and 0.79 on the AGREE Scale, and 90 and 88 on the AES Scale. This agreement
is attributed to the use of surfactants.

Part three

Section A: In this section a new, simple, rapid and sensitive spectrophotometric
method was adopted to determine doxorubicin hydrochloride in aqueous medium.
The method is based on the ability of doxorubicin hydrochloride to react with
trivalent dysprosium ion to form a water-soluble complex at pH 6.4. The complex
showed maximum absorption at 534 nm. The linearity of calibration curve was
obeyed to Beer's law in the concentration range 0.5-43 pg/ml with a molar
absorptivity of 2.419x10* l/mol.cm. and Sandell's sensitivity of 0.02375
ug/cm?.The values of the relative standard deviation are evaluated and found to
be in the range 0.82% -1.07% depending on the concentration level of doxorubicin
hydrochloride in the sample and the consequence of LOD and LOQ were 0.0112



and 0.0352 pg/ml, correspondingly. The two methods have good agreement with
green chemistry metrics (AGREE) and (Complex MoGAPI).

Section B: A direct spectrophotometric method for determining paclitaxel in its
injections and biological fluids was developed. The method was based on the
reaction of paclitaxel with osmium tetroxide at pH 6.8 using phosphate buffer
solution to produce a yellowish-brown complex. The resulting complex is soluble
in water and displayed maximum absorption peak at 482 nm. the linearity of the
calibration curve follows Beer's law within the concentration range 1-55 pg/ml
with a molar absorptivity value of 3.01x10* I/mol.cm. The LOD and LOQ values
were found to be 0.0098 and 0.0328 pug/mL, respectively. The recovery values
were planned and found to be in the range 98.7% to 100.2%. The two methods
exhibit strong concordance with green chemistry metrics (AGREE) and (Complex
MoGAPI).

Part four

It involves development of two spectrophotometric procedures
characterized by high sensitivity and simplicity for determining lercanidipine
hydrochloride in aqueous medium. The work was based on the reaction of reduced
lercanidipine hydrochloride with an equimolar of NaNO, to produce the
corresponding diazonium ion which was coupled with N-NED reagent in an acidic
solution (method A) and with RES reagent in a basic medium to give a water-
soluble and stable azo-dyes showed maximum absorption at 550 nm and 468 nm
against their blank solutions, respectively. The two methods A and B adhere to
Beer’s law within concentration ranges of 0.5-30 and 1-50 pg/ml, with molar
absorptivity values of 2.7289x10* I/mol.cm. and 1.9251x10* I/mol.cm., respect-
tively. The nature of the azo dyes was also estimated and found to be 1:1
diazotized reduced LerH: N-NED and LerH: RES for both methods. The proposed
method was successfully applied for analysis of lercanidipine hydrochloride in
tablets, serum and urine. Both methods showed high sensitivity and compliance
with green chemistry principles, as confirmed and highlighted by the results of
the AGREE and Complex MoGAPI metrics, which reached 0.81 and 0.8 for
method A, and 0.93 and 0.91 for method B, respectively.

Part five

Two sensitive spectrophotometric methods have been described for assaying
cilnidipine in its tablets through oxidative coupling reaction of reduced cilnidipine
with 4-aminoantipyrine reagent in presence of KIO4 as oxidizing agent (method
A) and 4-amino diphenylamine in presence of N-chlorosuccinim-ide (method B)
in an alkaline mediums to form a water-soluble pink and turquoise coloured



products, that show maximum absorption peaks at 528 nm and 72 1nm versus their
blank solutions for methods A and B, respectively. The resulting products were
found to be stable for more than 1hr. The linearity of the two calibration curves
has been followed Beer's law in the range of concentrations 1-50 and 1-30 pg/ml
with molar absorptivity values of 1.049x10* I/mol.cm and 2.118x10* 1/mol.cm
and Sandell's index of 0.04695 pg/cm? and 0.02325 pg/cm?, respectively. As for
RSD and recovery percentage values, were calculated and found to be better than
0.317% and 101.11%, correspondingly, for both methods. Furthermore, these
procedures do not necessitate heat regulation or pre-treatments like solvent
extraction, so reinforcing the fundamental principles of green chemistry.

Chapter four:

This chapter addresses the use of electroanalytical techniques to determine
daunorubicin, doxorubicin, and paclitaxel in their pharmaceutical formulations
and biological fluids:

Part one

Highlights the use of differential pulse voltammetry (DPV) to evaluate the
electrochemical properties of daunorubicin, achieving maximum peak current at
-0.638 V. The detection and quantification limits were 7.8x107''M and
2.62x1071°M, respectively, with linearity over 4.31x1077 to 1.13x1075M,
demonstrating reliability, accuracy, and environmental compatibility.

Part Two:

Differential Pulse Voltammetry (DPV) was utilized for the quantification
of doxorubicin using a series of sophisticated methodologies, commencing with
its direct measurement. This approach shown significant sensitivity and
selectivity in identifying its distinctive oxidation signal. An indirect technique was
then devised, leveraging its interaction with samarium (Sm?*") to create a stable
electrochemical complex that amplified the signal and enhanced measurement
precision. The efficacy of the gold electrode utilized in the tests was enhanced
through electrochemical modification with a polyuracil layer, which created a
selective environment to augment response efficiency. Ultimately, nanoparticles
like tungsten carbide (TC) were integrated with the polymer to augment and
improve analytical sensitivity within the range of 2x107° to 8.12x1077 M. The
approach demonstrated exceptional efficiency and proficiency in quantifying
doxorubicin both independently and alongside other medicinal agents, including
paclitaxel.



This approach demonstrated significant efficacy in identifying paclitaxel,
whether in isolation or inside pharmaceutical mixes. The direct quantification was
accomplished by observing its particular oxidation signal, whereas the indirect
method depended on its coordination with osmium (Os®*"). Advanced sensors were
developed by altering the surface of the gold electrode with conductive polymers
synthesized via the electrochemical polymerization of a tyrosine derivative,
subsequently incorporating nanomaterials like TC to augment the effective
surface area and enhance electronic conductivity. This favorably influenced the
enhancement of analytical current intensity and the reduction of detection limits.
This technique's efficacy was evidenced in the analysis of paclitaxel within the
concentration range of 1.33x107° to 5.42x10¢ M, applicable to both
pharmaceutical formulations and combinations with other medications like
doxorubicin, underscoring its appropriateness for accurate pharmaceutical and
clinical applications.
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