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Utility of green chemistry for synchronous spectrofluorimetry coupled with first derivative signal processing for the simultaneous

quantitation of ceftazidime and tazobactam in dosage form and human plasma.

Hesham Salem™,

. Amany Abdelaziz!, Nadeen Emad?, Soheir Emad’, Dina Z. Mazen!

Pharmaceutical Chemistry Department, Faculty of Pharmacy, Deraya University, New Minia, Egypt

m

There has never been a developed and optimized
approach for finding ceftazidime (CEF) and
tazobactam (TAZ) in human plasma samples and
their recently accessible pharmaceutical dose
form. The technique wuses synchronous
fluorescence mode coupled to first-order derivative
signal processing to measure fluorescence
intensity. CEF and TAZ have well-separated first-
order derivative synchronous spectra with two
zero-crossing sites, allowing CEF and TAZ to be
calculated at 380 and 400 nm, respectively.
Calibration curves for CEF and TAZ with specific
concentration range equal to of 200-1000 ng mL-?
and 50-250 ng mL", respectively. The analytical
parameters of the novel approach were validated
using the ICH guidelines.

Ceftazidime (CEF) is (ZH{TR)-(Z).-7-[2-(2-aminothiazol-4-
yljacetamido-2-{1-carboxy- 1 methoxy} carboxylic acid-3-(1-
pyridiniomethyl)Pentahydrates of -3-cephem-4carboxylate, are.
This  antibiotic belongs to the third generation of
cephalosporins and has a wide antibacterial range. Its
antibiotic  action against Streptococci, Staphylococci,
Pneumococci, and other microorganisms is safe for beta-
lactamase-producing  organisms.  Numerous  analytical
techniques, including spectrophotometry], spectrofluorimetry.
in addition to some of other analysis methods such as
electrochemical approach, LC and HPTLC-densitometric
method have been published for the measurement of CEF
alone or in combination.

Synchronous fluorescence spectra

of CEFand TAZ

Chemical structure of CEF and TAZ Results and Discussion

Propoasdmathod  Aspored
p o cronaric

RepormsdMRLE | Rspormed METLC

apmcrophorcmeric  mahod
maha

In preliminary experiments, the
intrinsic fluorescence characteristics
of CEF and TAZ were examined,
CEF and TAZ exhibited maximum
flucrescence intensity at Aem of 380
nm and 420 nm following excitation
at hex of 280 nm and 320 nm for
CEF and TAZ respectively.
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Utility of green chemistry for
sustainable fluorescence
derivatization approach for
spectrofluorimetric

quantification of pemetrexed

as antineoplastic drug in
pharmaceutical formulation
and spiked human plasma

ABSTRACT

Pemetraxed is a chemotherapeutic medicing, under the trade name Alimta.
Malignant pleural mesothelioma patients. Its application in lung cancer has been
studied. Here in, a second spectroflucrimetric method was advanced for
quantifying of Pemetrexed in pharmaceutical formulation and spiked human
plasma. That method depends on fluorescence derivatization of Pemetrexed with
4-chloro-7-nitrobenzo-2-oxa-1,3-diazole (NBD-CI) at 75°C ina (pH 9) of borate
buffer to produce a fluorescent derivative which can be detected at 520 nm
afterwards excitation at 460 nm. The method has been validated using ICH
criteria, and it demanstrated linearity in a range of 2-120 ngmL-1. The proposed
method was applied precisely and accurately for quantifying Pemetrexed within
pharmaceutical formulation and spiking human plasma without any interferences.
Moreover, the method's sustainability was evaluated and compared to the
published method using two greenness assessment tools termed analytical eco-
scale and Analytical GREENness (AGREED. That findings suggest that the method
i more sustainable than the published method.

AUTHORS

Hesham Salem1, Hoda Madian 1, Scherr Emad 2, Maha

Hussiend, Nadeen Emad2, Dina 2. Mazen1
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1 Pharmaceutical chemistry department, faculty of
pharmacy, Deraya University, New Minia, Egypt

2 Faculty of pharmacy, Deraya University, Mew Mania,
Egypt

1
GRENESS
COMPARISON

This study established a green,
economic, and spectroflucrimetric
approach of high sensitivity for the
detection of PEM in pharmaceutical
formulation and plasma matrices
according to fluorescence derivatization
with NBO-CI. The method was used
precisely and accurately to determine a
studied drug in pharmaceutical
formulation and plasma samples without
any interferences. Additionally, the
greenness profile of the supgested
approach and the published one were
contrasted utilizing analytical eco-scale
and AGREE toals. The findings indicate
that the sugpested approach has a higher
greenness priority than the reported
method.
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Abstract
Areliable, sensitive and selective spectrofluorimetric
method has been developed for the determination of
antinecplastic drug namely capecitabine (CAP) in pura
forms, pharmaceutical formulation and human plasma.
The method is based on the reaction of investigated
drug with 5={dimethylamino} naphthalene-1-sulfonyl
chlzride {dansyl chloride} in the presence of 0.5 M
sodium carbonate to yield highly fluorescent
derivatives, measured at 460 nm (excitation at 357
nm). The different experimental parameters affecting
the development and stability of the reaction products
were carefully studied and optimized. The calibration
plots were constructed over the range of 0.01-0.10 pg
mL-1. The proposed method was successfully applied
for analysis of cited drug in dosage forms. The high
sensitivity of the proposed method allows the
determination of investigated drugs in spiked human
plasma. Statistical comparisons of the results with the
referance methods show an excellent agreement and
indicate no significant difference in accuracy and
precision.

chemical structure

H
AN g
Py 5L
pharmacological action
Fluoropyrimidine carbamate with antinecplastic
activity; it is a prodrug of 5'-deowy-5-fluorouridine (F'-
DFCR), which is then conwerted to S=flucrouracil (5=FU).

General Analytical Procedure
Aliquot wolumes of the standard solutions covering the
working concentration range were transferred intoa
series of 10 ml volumetric flasks so that the final
concentrations were in the range of 30.0=200.0 ng
ml=1.1.0% 1 ml of 0.001% of dansyl chloride
reagent was added to each flask and mixed well, The
reaction mixture was left for 30 min, and then
completed to the mark with acetone. The fluorescence
intensity of the reaction product was measured at

Utility of dansyl chloride for
spectrofluorometric determination of
antineoplastic drug; capecitabine in dosage
form and human plasma
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435 nm after excitation at 347 nm. Blank experiment
was carnied out simultaneously. The relative
flworescence intensity (RFI) was plotted against the final
drug concentration to get the calibration graph.
Subszequently, the corresponding regression equations
ware derived.

Fi
-

Wireelergth (nm)
Fluorescence spectraaf [ a, at CaP (100 rg mi-1) with darsyl
chloridie, [ b, b7 blank, where: [a, b) are the excitation spectra ard
ta’, b are the emission spectra

Application
E Pharmaceutical Applications
ﬁ Application to Spiked Human Plasma
@& Content Uniformity Testing

Conclusion
A novel and highly selective spectrofluorimetric

method has been developed for the determination of
CAP in dosage form and spiked human plasma. The
deweloped method offered a number of features
inclueding enhanced sensitivities, high recoveries,
simple operation process and short analysis time as
well as low cost. Taking into account, there is no
spectroflucrimetric method reported for the
determination of CAP in human plasma wntil now.
Furthermore, the developed method has been
successfully applied, for stability studies of CAP asa
nowel stability=indicating method. Therefore, the
deweloped method can be suitable for routine
analysis of CAP in biological samples and could have
clinical applications for patients receiving this drug.
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A\  AnApplication of Eosin Y For The
7 Selective SpectrophotometicAnd g Detaya
<, Spectrofuorimetric Determination of "

_J__ Melphalan As Antineoplastic Drug

Abstract 0

Two rapid and simple methods were developed and

validated for the selective determination of Melphalan G
(MEL] based on a binary complex formation with easin Y.
In the spectrophotometric method, the absorbance of the

formed complex was measured at 550 nm. Beer's law

OH

NH,

isobeyed in the range of 1-12 mg /ml The
speclrofluoromelric method depends on measuring the
guenching effect of the drug on the native fluorescence
of eosin Y at 540 nm afler excitation at 390 nm. Al the
oplimum reaction conditions, the rectilinear calibration
graph belween the fluorescence quenching values (DF)
and lhe drug concentration was oblained in the drug

concentration range of 0.2-3.5 mgl ml. The analytical ].I]ILQdu.QtLQI]
performance of both methods was fully validated.
AUTHERS Melphalan is mechorethamine derivative that inhibits DNA & RNA synthesis
AR SRS RIS via formation of carbonium ions; cross links DNA strands (interstrand and intra-

Cl

Pharmaceulical Chamislry Dapartmant, Facully of Pharmacy, New Minia, Egypl

strand) causing consequently miscoding breakage and DNA replication failure

RESLILTS AND DISCUSSION 180
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Utility of green chemistry for sustainable fluorescence derivatization

approach for quantification of fingolimod as antineoplastic drug in
pharmaceutical formulation and spiked human plasma

Hesham Salem

, Joy Fares ", Habeba Ahmed ", Amany Abdelaziz *

* Pharmaceutical chemistry deparsment, facuity of pharmacy, Deraya University, New Minia, Egype
" Faculty of pharmacy, Deraya University, New Minia, Egypt

ARTICLE INFO

Keywards:
Fluorescence derivatization
Fingolimod

NBED-CL

Green spectrofluorimetric method

FL Salern et al.

Table 3

Quanritarive analysis of FIN in pharmaceutical capsules by the proposed method
and statistical comparison with the reported method.

ABSTRACT

Fingolimod is the immune-suppressive medication, that largely used for multiple sclerosis treatment, thought to
be the most prevalent inflammatory condition affecting the central nervous system (CNS). Here in, a second
spectrofluorimetric method was advanced for gquantifying of fingolimod in pharmaceutical formulation and
spiked human plasma. That method depends on fluorescence derivatization of fingolimod with 4-chloro-7-
nitrobenzo-2-oxa-1,3-diazole (NBD-CI) at 75°C in a (pH 9) of borate buffer to produce a fluorescent derivative
which can be detected ar 540 nm afterwards excitatdon at 475 nm. The method has been validated using in-
ternational conference of harmonization (ICH criteria), and it demonstrated linearity in a range of 1-100
ngmL~!. The proposed method was applied precisely and accurately for quantifying fingolimod within phar-
maceutical formulation and spiking human plasma without any interferences. The proposed method was more
sensitive, abourt six folds of intensity of the reported spectrofluoromerric method and greenness comparison was
done only on the proposed method . Moreover, the method’s sustainability was evaluated and compared to the
published method using two greenness assessment tools termed analytical eco-scale and Analytical GREENness
(AGREE). Thart findings suggest that the method is more sustainable than the published method.

Gireert Arnalytical Chermistry 8 (2024) 100104

Table 6
Greenness evaluation and comparison of the proposed method and reported
using described metrics.

one

Sample

Percent recovery +RSD

Proposed
method

Reported
method [19]

Gilenyanw

Capsules
Standard 10047 =
addition 049

D843 £ 0.94

DI55 £ 1.04

“ The walues in parenthesis are tabulated.

“ Awerage of Five determin

=+*Average of three determinations.

Table 4

Comparison berween the proposed merthod and the reported spectrofluorometric

ations

r-test F-test Prosed method Reported method (6]
{2.306) (G.388) .
Analytical eco-scale

Parameters Penalty points Parameters Penalty points
Lr= =39 Reagents Reagents

Water o Water o

Borate buffer pH @ = Sodium hydroxide =

MNBD-CI 1 Acetonitrile 10

Instrument spectrofluorometer Instrument HPLC

Encray: o Energy: 5

Ovcupational hazards o Occupational hazards 1

Waste z Waste 2

Sum of Penalty poines 5 Sum of Penalty points 20

Total scores

Total scores
MGREE tool

method for the determination of FIN.
Reagent Application Linear Excitation and LoD Ref.
range (ng emission wave
mL-1) length (nm)
Eosin Dasage foarm, 50,000 - 450575 0.033 19]
urine and 300,000 (ug
plasma samples mlL =)
NBD-CI Dosage form 1-100 475,540 0.0z Current
(ng

and plasma

L Z0—S00
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RESEARCH ARTICLE The Josrmal of Bioksgical and Chemical Luminess

Utility of green chemistry for sustainable fluorescence
derivatization approach for spectrofluorimetric quantification
of Darolutamide as antineoplastic drug in pharmaceutical
formulation and spiked human plasma

Hesham Salem? | Mahmoud A. Abdelmajed? | Mahmoud Rabiey? |
Omar Saied? | Michael Amir? | Mahmoud Abdelgalil®

*Pharmaceutical Chemistry Department,
Faculty of Pharmacy, Deraya University, Mew Abstract

:"“"i" Egvet Darclutamide is an oral nonsterocidal androgen receptor antagonist used to delay the
Faculty of Phi . D Uni ity, M - A a . .
aculty o rmacy. Deraya Untversity, New process of prostate cancer to metastatic disease and to increase the quality of life for

Minda, Egypt

people with advanced prostate cancer. Here, a second spectrofluorimetric method
C o o A r . . .
H::,:?:‘ Sal:;ﬁmmxeutinl Chemistry was advanced for guantifying Darolutamide in pharmaceutical formulation and spiked
Department, Faculty of Pharmacy, Deraya human plasma. This method depends on the fluorescence derivatization of Daroluta-
i o mide with 4-chloro-7-nitrobenzo-2-oxa-1,3-diazole (NBD-CI) at 75°C in a (pH 9) of
hesham salemi@deraya.edueg borate buffer to produce a fluorescent derivative that can be detected at 520 nm
Funding information after excitation at 460 nm. The method has been validated using ICH criteria, and it
Mo funding. demonstrated linearity in the range 5-200 ng ml * The limit of detection (LOD) and

limit of guantitation [LOQ) were 1.15 and 3.84 nm, respectively. The proposed
method was applied precisely and accurately for guantifying Darclutamide within the
pharmaceutical formulation and spiking human plasma without any interferences.
Moreover, the method's sustainability was evaluated and compared with the pub-
lished method using two greenness assessment tools termed analytical eco-scale and
Analytical GREEnness (AGREE). These findings suggest that the method is more sus-
tainable than the published method.

KEYWORDS
Darolutamide, fluorescence derivatization. green spectrofluorimetric method, NBD-C|
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SHORT COMMUNICATION

LUMINESCENCE WwWiILEY

Utility of green chemistry for feasible spectrofluorometric
determination of trifluridine via metal complexation:
Application to dosage forms
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Habiba Kamal |
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Faculty of Pharmacy. Deraya University. Mew
rinia, Egypt
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GAP prosram

AGREE prozram

Note: a iz for the proposcd method. b for (2], © for (4], d for [S]. e for [S]. and f for [7]. The red zones represent hish ' Ly
Feprmsent lowver irmpact. and mreen sones represent safe offect to ervironmment.

MNadeen Emad |
Dina Zein

Joy Fares | Habeba Ahmed |

Abstract

The goal of the current research was to establish a quick and practical fluorometric
technique for trifluridine analysis. The approach relied on the drug's complex forma-
tion with the zinc ion to produce a high-fluorescence product. The fluorescence was
further enhanced by adding sodium dodecyl sulfate, and it was observed at 450 nm
ent of 0.9994, the asso-
ciation between emission intensity and trifluridine concentration was linear between
1 and 125 ng mL . The guantitation limit was 0.987 ng mL ! while 0.333 ng mL !

following excitation at 400 nm. With a determination coeffi

was the detection limit. The buffer type, pH and concentration, type of surfactant
and concentration. and finally the diluting solvent were among the reaction condi-
tions that were closely examined. With great precision and reliability., the drug in
question was guantified using this method in dosage formulations. The proposed
method's level of greenness was assessed using two methodologies: the analytical
greenness metric (AGREE) and the Green Analytical Procedure Index (GAPI).

GARPI and AGREE pictomrams for the proposed spectroflucrometric method and reported methods.
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Abstract

Pemetrexed 1s a chemotherapeutic medicine, under the trade name Alimta. Malignant pleural mesothelioma patients. Its
application in lung cancer has been studied. Here in, a second spectrofluorimetric method was advanced for quantifying of
Pemetrexed in pharmaceutical formulation and spiked human plasma. That method depends on fluorescence derivatization
of Pemetrexed with 4-chloro-7-nitrobenzo-2-oxa-1,3-diazole (NBD-CI) at 75 °C in a (pH 9) of borate buffer to produce a
fluorescent derivative which can be detected at 520 nm afterwards excitation at 460 nm. The method has been validated
using ICH criteria, and it demonstrated linearity in a range of 2-120 ngmL-1. The proposed method was applied precisely
and accurately for quantifying Pemetrexed within pharmaceutical formulation and spiking human plasma without any inter-
ferences. Moreover, the method’s sustainability was evaluated and compared to the published method using two greenness
assessment tools termed analytical eco-scale and Analytical GREENness (AGREE). That findings suggest that the method
1s more sustainable than the published method.
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Table 5 Greenness evaluation and comparison of the proposed method and reported one using described metrics

Prosed method

Reported method [4]

Analytical eco-scale
Parameters
Reagents

Water 0
Borate buffer pH 9 2
NBD-Cl 1
Instrument spectrofluorometer

Energy:

Occupational hazards

Waste

Sum of Penalty points

Total scores

AGREE tool

Penalty points

Parameters Penalty points

Reagents

Water 0

Hydrochloric acid 2

Acetonitrile 10

Instrument HPLC

Energy: 5
Occupational hazards I
Waste 2
Sum of Penalty points 20

Total scores

100-20=80

"1. Sample treatment
. Sample amount
. Device positioning
. Sample prep. Stages
. Automation, miniaturization

. Waste

. Analysis throughput

. Energy consumption
10. Source of reagents

2
3
4
5
6. Derivatization
.
8
9

11. Toxicity
12. Operators’ safety

@ Springer



9% / 4 Deraya
UNIVERSITY "4 -
<2 Aala
ool Lisll
o Uasal) 440
L) Ll g patinnal \L.ssgt:hé

A& .~\ . - . - -

R iany A, S LR
Gyl 2 f:j:i: f MLM Ci\-,wwj LKL 2ol daati 5 aainall dadd g llad ddaiil jUal o
[GETEN 1<, e 5! T S } . 3

‘*;lé‘)aj\@\.\l.*u}u‘)aan.\:\mhj\ ) I PN 3 . ) “esgs | b | € oe *\ 24 ”

: Sl Y\éﬂf‘gm‘)dﬁ‘ﬁéu-‘_\f‘)&‘;ﬂy ) i 2024

- oY el 9 Gy e

)

e 1 / FARCOCIN

T
L Stop
| FARCOCIN | Farcorin FARCOCIN
\ E : >> g
&ois AUy
VOaN

R
Frisd
o el

FARCOCIN | FARCOCIN:
Tarst Qrement ] Topast e

| NOGA
5107 AN AcneSiG

)
FARCOCIN .

G 19/
-

Droad Spectrum ANIBLK

\ \“ PIARLD 20 gm -




f Deraya

=% d—irlor
- Aaal)a
UNIVERSITY

Gauaxll Lisll
Uapal 458
Al dpalig palnal) Aasd gl

RS ans g 8 5] Ao e Loy 2SI Ail) Al 5 il And gl Al Ll 3 | sl | 39
‘;a.a‘).d\Q\J\z\q‘guﬂh:ﬂm\aﬂ&\)@y‘é&f}w)d&ﬁ‘;m‘}az‘)a:ﬂic‘_jduﬂm‘g

101001 pareod Wi py

- il
T ey b 4 ey 4 B
AN Wiy St B sy

/ 24 o e « o 1 ey
% quawfiny

‘e

11 00 ¢ 14

b et e AVE gl ) 5
g e 1 1H g V1010 2 5 St 0
PR IEH PRI R




&

Deraya

UNIVERSITY

&5

Ailja
doaua=ll Lisll
Uavall 4

Al dgaliy padinal) dadd pUab

M‘ o b.dg.'\ - @.AS\ uﬁu :\13\‘)3 :\.‘M e u.uJLuJ\ Al J‘Am‘

Aoy i e - Al By qainal) e A0 S A - S0 dpac S - Al a3 Al
- Al leal s 3 JSUE -l e bl oyl g oy 50 - A paall Aagdll - &)
Joalial) gl = oLl olyall = 5 sl (ol g sl ol el = o) Loy 3S) - A1 ol gl

_@Jﬂ\'&ﬂ\lﬂ\.ﬁdlﬂ)ﬁ-Lﬂ\d&hg\#\-g&g}’h‘,)ﬂ

ol |
2024

40

b

%

=
-
})

:'Eﬂ
a1




4

Deraya

UNIVERSITY

&5 =

doauall Lisll
Uaual) 418

Ayl dralig painval) Aadd pllad

e daall b Jalaill 458 3 OOl % el A dpeglal] Alyall et g alael
Sl 5 amyall

o |
2024

41




o Deraya A All)a
J UNIVERSITY anua=ll Liell
Uavall 4
Ayl dralig painval) Aadd pllad

A (g wd ) (A gall dlps e Ladia g ARISIL Al dpai g ainall dadd gl dladil jlal b | (el | 42
_‘;..'a)al\QU@JQM@&M&\Q\J@Y\@JAJ@JJ&J&u@fﬁc@wcbdom‘g

I
L
L
i
=




@

Deraya

UNIVERSITY

==wad )
DLHDOA L

lcandra Plu
Villghyan S

““‘"""“M’:”

Haema-Laps

Hikmalita

L-Carmtirm | tartatste/ e

Immuniphar
JLAuig ol

I Febirric

telutoset

’ i_maelo

‘/ Ailja
Gauasll Lisll,
Aapall 41

L) Agaliy painall Aadd U




