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Summery

Herein, new click-like protocols for quantification of some drugs in their dosage
form and fresh human plasma were developed. The study includes four parts, the
first one involves determination of meropenem and clozapine in their
pharmaceutical formulation and spiked human plasma using NBD-CIl as
fluorescent labeling reagent. The developed method is mainly depending on a
nucleophilic substitution reaction of MRP or CLZ with 4-Nitro-7-
chlorobenzofurazan (NBD-CI) in alkaline borate buffer (pH 9.0), which results in
a strongly fluorescent yellow fluorophore measured at Aew= 536 nm and 540 when
excited at Aex=471 nm and 469 for MRP and CLZ respectively. The variables that
influence the stability and development of reaction product were thoroughly
investigated and optimized. Calibration curve is rectilinear within the
concentration range of 25-650 and 80-900 ng mL™' with a linear correlation
coefficient (r =0.9981) and (r =0.9984) related to MRP and CLZ respectively.
Detection limits were found to be 3.15 and 14 ng mL-! with LOQ 9.55 and 42 ng
mL! related to MRP and CLZ respectively.

The second represent determination of amlodipine besylate and sitagliptin in their
pharmaceutical formulation and human plasma using O-phthalaldehyde as
analytical fluorogenic reagent in the presence of 2-mercaptoethanol as
fluorophore stabilizer agent. The proposed method was based on click-like three-
component labeling of primary amine compound (AMB or STA drug) with O-
phthalaldehyde and 2-mercaptoethanol (as fluorophore stabilizer agent) in
alkaline borate buffer pH=10 and 10.5 for AMB and STA respectively. The
resulting N-fused aromatic isoindole moiety provides a high fluorescence
intensity measured at Aem= 475 and 458 nm after excitation Aex= 378 and 335 nm
for AMB and STA respectively. Experimental factors that affect on the FI of the
formed fluorophore were carefully studied and optimized. The linear drug
concentration ranged from 125-1400 and 275-1650 ng mL"! with a linear
correlation coefficient (r =0.9986) and (r =0.9985) related to AMB and STA
respectively. Detection limits were found to be 31.29 and 58.94 ng mL! with

I



quantification limits were 94.84 and 178.62 ng mL"! for AMB and STA
respectively.

The third part represent determination of metformin hydrochloride in a fresh
human plasma using 3,6-Dibromo-phenanthrenequinone as analytical
fluorogenic reagent. The method based on the reaction between MET and PQ-
2Br in basic media of 0.2 M NaOH to produce fluorescent product measured at
Aem= 420 after excitation Aex= 253nm. The parameters that affect on the FI of the
formed product was studied and optimized. The linear drug concentration ranged
from 70-1300 ng mL-! with a linear correlation coefficient (r =0.9989). LOD was
19.5 ng mL! with LOQ value 59.11 ng mL™".

The developed approach were validated according to ICH guidelines to prove that
the presented methods' results agree with the requirements of the proposed
analytical performance.

The fourth part involves assay the level of biomarkers such as (D-dimer, LDH,
GPT, TG, and plasma metformin) in Diabetic and non-Diabetic COVID-19
patients administered remdesivir medication.

Chapter Four: Conclusion and Future prospects

The prescribed spectrofluorometric methods provide a simple, rapid and precise
methods for the estimation of drugs in their pharmaceutical dosage form and
spiked fresh human plasma without interferences from plasma matrix or common
excipients. Moreover, the developed methods showed promising selectivity,
sensitivity, a good linear range, excellent quantitative recoveries, and low
detection limit with (R.S.D%) were less than 2 % for reproducibility and
repeatability analysis.

Finally, all the developed methods were successfully utilized for the
quantification of drugs in their pharmaceutical dosage form and spiked fresh
human plasma. The obtained data were compared statistically to those obtained
from the reported or official methods according to t-student test and F- test at the
95% confidence level. The results related to f-test and t-test values are lesser than

the corresponding critical (tabulated) values, indicating no significant difference

II



statistically between the official method as well as reported method with the
proposed methods.

The Clinical results show that non-Diabetic COVID-19 patients showed faster
recovery than Diabetic-COVID-19 patients because remdesivir medication
improve the level of D-dimer and LDH. The results indicate that the D-dimer and
LDH biomarkers can helps to diagnosis COVID-19 infection.
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Chapter One Introduction

1. Introduction
1.1 Molecular fluorescence & fluorescence spectroscopy

Molecular fluorescence regards a one kinds of luminescence that occur when a
fluorescent substance reemits immediately (within about 107® seconds) the
absorbed light or electromagnetic radiation at different wavelength from the
source light. Most of the time, the emitted light has a less energy and thus longer
wavelength than the absorbed radiation. When the light is absorbed, fluorescence
occurs, and it disappears when the light is turned off. Fluorescence involves two
stage, the first one called excitation process in which the molecules that are in the
lowest vibrational level of the singlet ground electronic state (usually at room
temperature) absorb electromagnetic radiation at a suitable wavelength resulting
in promotes the electrons to a singlet-excited state (Si or S.... etc.). The second
state called emission process in which the excited atom or molecules in the first
singlet-excited state (S1) relaxes to a singlet-ground state (usually lower energy
state) by release photons as fluorescent radiation (emission) without a change in

electron spin (the same multiplicity)!">, as shown in Figure 1-1.

Energy Levels
Absorption (10 5)

La y Fluorescence (10'1%— 107 5)
SZ T WA Phosphorescence (106— 10 s)
AU Internal Conversion (1002 - 1077 5)
Vibrational Relaxation (1012~ 109 5)

A - SOV Intersystem Crossing (1019 — 108 5)
—_— 'y =
= A% 15 WA - =
ek ! T, NS
y ¥ L i :
5 L 4 Y —
_ ¥ Y il

S - z
(al

Figure I-1. Jablonski diagram showing the transitions between different energy levels.



Chapter One Introduction

The fluorescence of the most popular fluorescent compounds occurs when the
incident source light lies in the ultraviolet region of the spectrum, and thus
invisible to the human eye, while the emitted light lies in the visible region, which
results in fluorescent compounds with a unique color seen only when exposed to
ultraviolet radiation. Of these compounds we can mentions®: acridine orange,
Fluorescein, rhodamine B, POPOP, Quinine and Pyridine 1 as shown in Figure

1-2.

\CHZ
COOH (A)POPOP \©\jj;

H;C

W cr r
(O)F luoresceln HyC N o @Nv CHy (B)Quinine
AL
AN N/CH3 COOH HaCs N~ Nk
| |
\CH3 C CHs
(F)Pyrldlne 1 (D) (E)

Figure 1-2. visible colored fluorescence of most popular fluorescent compounds with their

chemical structure.




Chapter One Introduction

The energy of the excited electrons may lose by a mechanism other than
fluorescence, known as non-radiative processes which include inter-crossing
system to the triplet (T2) state, internal conversion and transfer of energy to
another molecule. It competes with fluorescence emission, lowering its
efficiency™™. Fluorescence has numerous practical applications in a variety of
fields include medicine, gemology, mineralogy, chemical sensors, fluorescent
labeling dyes, vacuum fluorescent displays, cosmic-ray detection biological

detectors, and cathode-ray tubes(!%-19,

There are many factors affect on the relative fluorescence intensity of the

fluorescent compounds!”-!®. Of these,

1. Concentration: Fluorescence intensity is proportional to both the fluorescent
substance concentration (ranging from (10#-10”"M ) and intensity of exciting
radiation.

2. Substituents: electron donating group like -NH», -OCH3, —OH, N(CH3)> and
-NHCH3;, usually improve fluorescence intensity because they delocalize
electrons which in turn increase the probability of transition between the
lowest sub-level of excited singlet state and the singlet ground state. On the
other hand, electron withdrawing group such as -NO,, -NHCOCH3, —Cl, -Br,
-1, and -COOH reduce fluorescence intensity.

3. Molecular rigidity: compounds with a rigid structure are more prone to be
fluorescent because the rigidity decreases the molecular vibration which leads
to decrease non-radiative transitions which in turn reduces inter-crossing
system to the triplet (T2) state. Eosin and fluorescein, for example, emit strong
fluorescence radiation, whereas phenolphthalein, which has a disturbed
conjugate system and non-rigid structure, is not.

4. Changes in pH: Fluorescence of compounds is also strongly influenced by a
pH of solution. Aniline, for example, emits blue fluorescence radiation when

excited at wavelength 290 nm in the pH range from (5.0-13.0). Aniline exists

~3~
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as the aniline cation in the solution at low pH and as the anion at high pH.
Anion and cation are not fluorescent. Due to the fact that n—m* states possess
shorter average lifetime than n—mx.

5. Temperature/Viscosity: increase temperature causes increase in the possibility
of collisional deactivation and decrease the viscosity which in turn decrease
the fluorescence intensity.

6. Presence of dissolved oxygen: Oxygen oxidizes fluorescent materials, causing
loss of their fluorescence.

7. Solvent: The solvent may have a significant effect on the fluorescence
spectrum. This property is usually observed in a large dipole moments
fluorophore, as a result, fluorescence spectra shifts to longer wavelengths in

polar solvent.

Fluorescence spectroscopy (also known as spectrofluorometry or fluorimetry) is
an electromagnetic spectroscopy technique for analyzing fluorescence radiation
emitted from fluorescent molecules. It considers a simple, popular, fast, versatile,
inexpensive and highly-efficient technique for quantifying of an analyte in a real
sample!!. In spectrofluorometry, a beam of light produced from xenon lamp with
a wavelength (excitation wavelength) within the range of (180 to 800 nm) passes
through the cuvette that contained a sample solution. The sample then emit
fluorescence radiation (emission wavelength) measured at right angle with the
respect to the incident light. The analyte concentration is directly proportional to
the fluorescence intensity of the emitted light. The device used to measure the
fluorescence radiation emitted from excited analyte called spectrofluorometer®”

as shown in Figure I-3.
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Excitation
Xenon Lamp Compartment with temperature
Monochromator

Excitation Laser controlling module

Lens Sample

Emitted Photon Signal

Emission

Monochromator

Figure 1-3. The main apparatus in spectrofluorometer.

Fluorescence spectroscopy offers a great sensitivity and specificity. In the case of
specificity, the analysis depends on two spectra (excitation and emission
spectrum) rather than one. High sensitivity produced from a difference in
wavelength between the emitted and excited radiation. These results in a signal

contrasted with essentially zero background @V,

As a result of its great sensitivity and specificity, The current survey of chemical
literature exhibit that the application of fluorescence spectroscopy has been
increased to cover most routine analysis, scientific researches, and chemical
processes monitoring because of their facilities in the analyzing of enormous
sample in the variety of applicative fields such as foodstuff®?¥, industrial®®,
medical®*2”, pharmaceuticals®®3?, contaminants trace®?3%, criminal®>-39),

agricultural®”*! and environmental >4,
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1.2 Fluorescent labelling

1.2.1 Fluorescent labeling technique

Derivatization methods have recently gained a widespread because they have
solved many problems with regard to analytical quantification in several
analytical technique such as spectrometric, HPLC, GC, LC, and electrophoresis.
Thus, analytical chemists during last decade period have adapted well-known
reaction from the organic and organometallic fields to carry out derivatization
reactions in order to improve some necessary parameters such as spectral
properties, thermal stability, sensitivity, volatility, selectivity, peak shape, and/or

separation behavior detection of interested analytes™?.

Only a few compounds have the ability to exhibit fluorescence radiation. Also,
the detection limits for fluorometric analytical methods are typically one to four
orders of magnitude lower than those for comparable absorption-based methods.
For these reasons, Fluorescent labelling technique are carried out in which a non-
fluorescent or weakly fluorescent substance is react with fluorogenic ligand
forming a highly fluorescent product Figure 1-4. The fluorogenic ligand may not
itself fluorescent unless it reacts with a targeted analyte to give a fluorescent
adduct. To be worthwhile, the technique must be rapid (usually less than 15
minutes), easy to perform, selective, and the derivatizing reagent must react

quantitatively with the analyte, yielding only one final product®>49,

R X+ — Rwv

Non-fluorescent fluorescent labelling
analyte substance fluorescent product

Figure 1-4. fluorescence derivatization method to produce fluorescent product
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Fluorescence derivatization procedures improve detection limits as well as

increasing selectivity.

Fluorescent labeling techniques are also important for quantifying compounds
that do not in general reveal the desired characteristics required for the analytical
technique and those that are more prone to decomposition throughout the analysis.
As aresult, derivatization technique involves all methods that include reaction of
fluorogenic compound with targeted substance to produce fluorophore
(fluorescent compound). A typical derivatizing reaction should meet a set of
analytical requirements that vary depending on the application. Generally, the

desirable characteristics of derivatizing reactions involve the following®’->1:

1. Rapid in moderate conditions, highly specific, quantitative, easy to carry out.
2. produce stable product, difficult to decompose, and free from side reaction.
These properties are very important, especially in chromatographic methods
because the side-products may cause interfering peaks in the chromatogram.

3. Measurable differences in spectroscopic properties (like wavelength) between
the fluorogenic agent and its reaction product.

4. The formed product should have maximum fluorescence efficiency to ensure
higher sensitivity.

5. To analyze biological samples. The derivatization reagent should be soluble in
aqueous solvent.

6. In the chromatographic techniques, the formed product is easy to separate from
the fluorogenic agent.

Fluorescent labeling techniques has been employed in a broad range in
biochemistry for detecting biomolecules in which fluorescent dyes binds to
functional group of biomolecules such as (peptides, proteins, nucleic acids,
antibodies, bacteria or yeast) to produce visualizable biomolecules under
fluorescence imaging®*>®. For example, Immunofluorescence micrograph of a

fibroblast monolayer Figure 1-5.
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Figure I-5. Immunofluorescence micrograph of a fibroblast monolayer. The blue color
represents cell nuclei. Whereas, Protein filaments, microtubules, that make up part of the

cytoskeleton, are green.
Fluorescent labels reveal many advantages in biochemistry such as®’-6%:

1. very sensitive for the targeted substance even at low concentrations.

1. Stable during long time interval.

ii1. Free from chemical interferences.

iv. The targeted imaging of labeled cells enables tracking them in vitro and in

Vivo.

Fluorogenic reagent are synthesized to contain binding reaction group and
fluorescent moiety. Fluorescein, for example, have isocyanates or N-
hydroxysuccinimide group at which the amino or thiol group of proteins bind
through amide bond formation to produce fluorescent derivative of protein.
Moreover, coumarin derivatives were utilized to measure fatty acid amide
hydrolase activity. Further, 4-methyl coumarin amide and Arachidonyl 7-amino
have no native fluorescence unless react with enzyme to produce fluorescent
hydrolyzed product 7-amino-4-methylcoumarin measured at Aemi = 460 nm (after

excitation 355 nm) and can be used to detect hydrolysis activity of this enzyme(©?,

~8~
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1.2.2 Fluorescent labeling reactions
Fluorescent labeling reactions can be divided into six distinct categories:
1. Reactions that produce an extended aromatic n-Electron System.

As mentioned previously, the planarity and rigidity of the structure have a
significant effect on the fluorescence intensity of compounds as they increase the

effective delocalization of m-electrons©293,

There are three ways reported which increase the aromatic m-electron system

which in turn triggered the molecule to exhibit fluorescence radiation.

a. Reaction of non-aromatic analyte with two adjacent substituents on aromatic
ring of reagent to produce a new fluorescent ring Figure 1-645,

b. Coupling the analyte to a substituent and non-substituted position on an
aromatic ring to form fluorescent product Figure 1-7©%69,

c. Coupling the substituted aromatic analyte with non-aromatic reagent to give

fluorescent product Figure 1-86°7).

Reaction

conditions Fluorescent product

Reagent Analytes

CHO
HaNHoCHLC HN
CHO

N= Basic N
Histamine, indoles \/ _
i : o N Aom= 420 nm
O-Phthalaldehyde peptides, proteins =0 em
CHO CH50OH
X l "
NH> /czo KOH/boiled C[I Blue emission
HaC =
O-Amino- 3 N CHs
benzaldehyde Carbohydrates

NH2 NO3 N
NH HCl/extraction Va =410 nm
2 Nitrite, nitrate N Aem

2, 3-Diamino-
naphthalene

Figure 1-6. Reaction of non-aromatic analyte with aromatic ring of reagent to produce a
fluorescent ring
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Reagent Anal Reaction Fluorescent product
g naiytes conditions P
O
o  oH HO o
H CH Jj\/]\
HOY COOH H2S04 50%
20min
Ketohexoses, 60°C COOH
Resorcinol _ ketoacids,
dicarboxylic acid Aexe= 430Nm Aem=480nm
H OH
HzN NH> H O COOH OH
HO N CH;OH
HO - H H3PO, =
M OH 15 min . = OH
COOH 2-Deoxy-D-glucose 100°C 2
3, 5-Diamdiamino-benzoic
acid Acetaldehyde Jexe= 410nm Jem= 500 nm
DNA

Figure 1-7. Coupling the analyte to a substituent and non-substituted position on an
aromatic ring to form fluorescent product

Reagent Analytes Reac_:t_]on Fluorescent product
conditions
R
R o OH
J\/I‘\ R \
HO o O/ HyS04
O
Ethyl acetoacetate Phenols Axe= 366 NM  Agm= 460 nm
NH» l |N
: M,
N = \ pH B N \
_—CH>——CHO | 30 min |
Cl T .
N 100°C I
Chloro-acetaldehyde \C \CH
3
Adenine compounds 3 Aexe= 310NmM A= 410nm

Figure 1-8. Coupling the substituted aromatic analyte with non-aromatic reagent to give
fluorescent product

2. Redox reactions

Fluorescence labeling reactions involving redox steps have been used for analysis
several sample, especially environmental and biological compounds. The most
popular oxidizing agents involve potassium permanganate, hydrogen peroxide,

strong mineral acids, and cyanogen bromide.

Thiamine (vitamin B1) for example, can easy oxidized to fluorescent product using

UV light or oxidizing agents such as (mercuric oxide, cyanogen bromide, and

~10 ~
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ferricyanide). The formed thiochrome fluorophore measured at 430 nm when

excited at 366 nm. Figure 1-97479),

CH,

NH,
. . HCG_N_ N _g
j{l\)"j/\yf\ &D\ mQ_CHE-CHTOH
H,C” N Hac/\\g K,[Fe(CNJ,] X
OH

Thiochrome

Vitamin B, (thiamine) Agye= 366 nm Peoy= 430 nm

Figure 1-9. Oxidation of thiamine using Potassium hexacyanoferrate (II1) in basic media
to produce fluorescent product.

Catecholamines, on the other hand, emit fluorescence radiation at 318 nm when
excited at 275 nm. However, the direct quantification methods based on their
native fluorescence suffer from poor sensitivity and are more prone to chemical
interference in the analysis of biological samples owing to matrixes effect (plasma,
serum, and urine). Therefore, the selectivity and sensitivity of catecholamines (e.g.
Adrenaline) can be enhanced by oxidation of adrenaline with iodine or ferricyanide
to produce adrenochrome which then treated with antioxidant such as (ascorbic
acid) in alkaline media to produce 3,5,6-trihydroxyindole fluorophore, (Figure I-
10). Derivatizing catecholamines with this approach is one of the most sensitive

and commonly utilized techniques!””.

OH ?Hs
OH
Oxidation o Reduction HO N
HO /
Ferricyanide N Rearrangement
HO HN\ 0 \ in alkaline
CH, CH, ascorbate OH
Adrenaline Adrenochrome Adrenolutin

Figure 1-10. Fluorescence derivatization of catecholamines by redox reaction.
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3. Hydrolysis Reactions

Non-fluorescent analyte can be converted into a fluorescent product by hydrolysis,
which is one of the simplest ways available. In general, the hydrolysis is usually
performed in a highly basic medium together with heating if required to form a

fluorescent anion.

Since aspirin (acetylsalicylic acid) exhibits weak native fluorescence, whereas the
salicylate ion formed by base-hydrolysis of aspirin fluoresces brightly at 400 nm
after excitation at 310 nm Figure I-11. As a result, this property were utilized to

measure aspirin and salicylates levels in biological fluids(’®7,

H 0-
A 0" HO_
- :-
G g Salicylate Acetate
Acetylsalicylic Acid
(Aspirin)

Figure 1-11. Basic hydrolysis of aspirin to produce fluorescence product (salicylates)

4. Photoconversions®®3%

Many substances can be transformed into fluorescent product when exposed to UV
radiation. A typical example that give a rise of this method are the fluorimetric
quantification of pesticides and anabolic agent diethylstilbesterol. Even though
photochemical derivatization is less used but it offers several advantages over

chemical derivatization. Of These:

a. Less chemicals consumption, thus dilution is not necessary.
b. Higher reaction rates because the majority of photochemical reactions are
carried out via free radicals.

c. simple to carry out and needing cheap equipment.

~12 ~
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d. The method is appropriate for a wide range of technique (e.g. HPLC, flow
injection analysis (FIA), thin-layer chromatography (TLC), dynamic systems,

and stationary liquid solutions). because it proceeds at room temperature.

Pesticides like deltamethrin, diflubenzuron, and fenvalerate, for example, are
easily converted into fluorescent products in protic solvents, whereas polar aprotic

solvents are used for fenitrothion and chlorpyriphos Figure 1-12.

C,H C,H
C,Hs 2.5 275
ava ——
O OH T Phenantrhene derivative
CHg aye= 280Nm
Lem= 390 NM
Diethylstilbesterol o
0 0
H-C H-C..
3-6\0 — HC o0
HC— o NO T 3 \"3 o \ Denitrofenitrothion
p—U- ) F— .
/ \ / Acetonitrile/DMSO / Fexc™ 326
S = S Aem=413nm

o CHs
Fenitrothion

CHa
—_—
o | P - | o HACO
~
B"m oY Methanol 0
O CN O
Br

3-Phenoxymethylbenzoate

Deltamethrin Aeye= 291nm
Agm= 317 nm

Figure 1-12. Photoconversions of some pesticides to produce fluorescence product
5. Complexation

The basic requirement of any organic chelating reagent is the ability to form a six-
or five-member chelating ring via at least two functional groups by covalent and/or

coordinate bond with the metal ion to form a rigid structure.

Complexation involves the reaction of a weakly or non-fluorescent organic

chelating reagent to form a chelating ring, which in most cases triggers the

~ 13 ~
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compound to emit highly fluorescence radiation because the formation of a
chelating ring increases the rigidity of molecules as well as n-n* transition rather
than the n-n* transition. This effect was utilized to determine either organic

substances (ligand) or metal ions.®3-%),

It was reported that metal complexation has interesting features®-®). Of these:

a. Intersystem crossing (S1 = Ti) of the aromatic ligand increase when reacted
with paramagnetic metal (e.g., Co*", Fe**, Cu?*, Ni*"), resulting in a decline in
fluorescence intensity.

b. The heavy atom effect is another phenomenon that increases the rate of
intersystem crossing. Complexation of heavy diamagnetic metal like TI>*, Pb*",
Hg?*, and Ag'" lead to prevent fluorescence because it increases spin-orbit
coupling.

c. Transition metal ions of group VIII d° (e.g., Osmium (II), Iridium (IIT), Rhodium
(I1T), and Ruthenium (IT)) form fluorescent chelating complexes with strong-
field ligands such as 2,2-bipyridine, 2,2,2,-terpyridine, 1,10-phenanthroline.
These complexes reveal 1" >d emission bands and low-energy-charge-transfer
d>n" absorption. The complexes of Ruthenium (II)-polypyridine have been
frequently utilized as oxygen sensors because they are highly stable, exhibit

large quantum yields, and are easily quenched by oxygen.

Metal i1ons of group IIMA (Indium(Ill), Gallium(IIl), Thallium(IIl), and
Aluminum(IIl)) react with several organic ligands to form a fluorescent chelating

complex Figure 13.

Flavonol derivatives which are a class of naturally phenolic compounds in the
plants react with several ion such as (Al, Zn, Ga, Be, Ba, B, Sn) to form fluorescent
chelating complex Figure 130°192 Further, the ligand like 8-hydroxy quinoline,
fluorescein derivatives, 2,2'-hydroxy azobenzene derivatives form a fluorescent

chelating complexes with several metal ions Figure 1-1319-113),
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OH

N

N Me"™

#

8-Hydroxyquinoleine derivatives

Fluorescein derivatives

Metals forming fluorescent chelates:
Al Zn, Ga, In, Mg, Be, Ba Metals forming fluorescent chelates:

Ca, Sr, Ba, Cd

OH
+
Me™ DM enO
N _ M, |
N AN
H

2, 2"-Dihydroxy azobencene and
derivatives

o Me™
Flavonol derivatives

Metals forming fluorescent chelates: . .
Al Zn, Ga, Be, Ba, B, Sn Metals forming fluorescent chelates:

Al Ga, Se, Mg, In, Be, Zn

Figure 1-13. Reaction of some organic ligand with several metal ions to produce fluorescence
product

In some case, the addition of excess amount of metal ion to a non-fluorescent
organic ligand leads to form fluorescent chelating complex. This method was
utilized to spectrofluorimetric quantification of tetracyclines and anthracyclines as
ligands with Ca**, Eu** and Mg?", in alkaline or neutral solutions, and with Zr* or

Al*" in acidic solutions 4118,

Metal complexation reaction is the most applicable and convenient fluorescence
labeling method because they are rapid and can be driven to completion by adding
excess amount of reagent. Hence, it is appropriate for derivatization in post column
of chromatographic techniques like capillary electrophoresis and HPLC. For
example, quantification of catecholamines derivatives by CE post column method.
The method depends on the reaction between catecholic compound with Tb** ions

to form a ternary complex in the presence of EDTA!.
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6. Click reaction

For a long period, the analysis of biomolecules suffered from side reactions owing
to the broad range of functionality present resulting in non-specific derivatization.
Recently, a set of highly efficient and stereospecific chemical reactions that can
performed under a variety of condition were appeared to cover most of
biochemical analysis. These reactions known as click reaction.

"Click" can refer to a chemical reaction that fulfills the following requirements 12%-

123).

a. Reactions are carried out rapidly at simple conditions in high yields, resulting in
the production of a single and stable desired product.

b. The ability to withstand several reaction conditions under various interphases,
such as liquid/liquid, solid/liquid, and even solid/solid.

c. Reagents and starting materials are readily available.

d. Use of low toxic or non-harmful solvents. Highly water and oxygen tolerant.

e. If purification is necessary, it must be done in a non-chromatographic technique

(e.g. distillation, crystallization).

The most common reactions utilized in click chemistry are Staudinger ligation
(involved phosphine as reagent), azide-alkyne cycloadditions Figure I-14. copper
free azide-alkyne cycloadditions (strained cyclooctynes was used) Figure 1-15, A
maleimide with thiol functional group (thiol-Michael addition) Figure 1-16, and
Diels—Alder cycloaddition?4129),

Ethenyl N
O reagent Q Cu (D) B N NN N
» - catalys1s

N=— N =N —>
Alkyne activated Azide of
biomolecule

Biomolecule
(nucleic acid, fluorescent dye

protein, peptide) Biomolecule
fluorescent derivative

Figure 1-14. Azide-alkyne cycloadditions
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Azide of
fluorescent dye

() Qs —
e

Strained cyclooctine
activated biomolecule

Figure 1-15. Copper free azide-alkyne cycloadditions

O |+O—SH —

Sulthydryl moiety
O
Maleimide

derivatives

Figure 1-16. Thiol-Michael addition (Click reaction)

1.2.3 Fluorescent labeling dyes

Introduction

N\O

Fluorescent biomolecule
via triazole moiety

O”“;lsp

Fluorescent compound
(thioether bond)

Fluorescent dyes, also known as fluorogenic agent or reactive dyes, have been

used by analysts and biologists for decades. An efficient fluorogenic agent is that

react rapidly with the desired analyte to produce a highly stable fluorescent

product. We can summarize some of the most popular fluorescent labeling dyes

as follow(39:

1. Coumarins®3!-139;

Figure 1-17 exhibit that A and B compounds can be labeled to amino groups in

acidic media pH=4.0 to produce blue fluorescence (Fluorescent spectra depend

on pH).
Excitation wavelength Aex max = 342 nm

Emission wavelength Aem max =447 nm
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C and D compounds can be labeled to amino groups in neutral media pH=7.0 to
produce a blue fluorescence product (Fluorescent spectra do not depend on pH).
Excitation wavelength Aex max = 360 nm

Emission wavelength Aem max =410 nm

(o]
0 o]
g OH N
~ N 0~
0
HO o (0] HO o) (0]
(A) 7-Hydroxycoumarin-3- (B) 7-Hydroxycoumarin-3-carboxylic
carboxylic Acid Acid N-Succinimidyl Ester
O
{I:I’ 0]
C—OH N
A A o~
o)
CH,0 07 0 CH;0 0" Yo
(C) 7-Methoxycoumarin- (D) 7-Methoxycoumarin-3-carboxylic
3-carboxylic Acid Acid

Figure 1-17. Some coumarin derivative compounds.

2. Benzofurazans36-14D;

As shown in Figure 1-18, NBD-F, NBD-CI, and NBD-PZ emit green-yellow

fluorescence owing to NBD core.
Excitation wavelength Aex max = 468- 490 nm.
Emission wavelength Aem max = 525 - 555 nm

While DBD-F, DBD-ED, DBD-PZ, and DBD-SAH emit yellow fluorescence

owing to dimethyl amino sulfonyl benzoxadiazole (DBD) core.
Excitation wavelength Aex max = 380 nm

Emission wavelength Aem max = 510 nm
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NBD-F, NBD-Cl and DBD-F can be labeled to either thiol or amino groups.

NBD-PZ, DBD-ED and DBD-PZ can be labeled to carboxyl groups via amide

bond using a coupling agent.

DBD-SAH can be labeled to amino groups due to the active N-

hydroxysuccinimide group.

F cl N NH
r""N\ .-r"N\, N
0 0 =\
- Y
N N '-...,Nf
NO, NOQ4 NO,
NBD-F NBD-CI NBD-PZ
N NH Q
F NHCH,CH,NH, \__/ NH(CHy)e— e 0—N
= N\ N ..f'N\ /N\
~_ 7 4 — /0 o 0
N N N HN;
CH CH CH CH
So,NT 0 SONT 0 SONT 0 so,NT°
CHj; CH3 CH3 CH3
DBD-F DBD-ED DBD-PZ DBD-SAH

Figure 1-18. Some Benzofurazans derivative compounds.

3. Dansyls!#1%)

Dansyls derivatives emit green-yellow fluorescence owing to dimethyl amino

naphthalene sulfonyl (Dansyl) core, as shown in Figure 1-19.
Excitation and emission wavelengths depend on the environment.
DNS-CI can be labeled to amino groups via sulfonamide bond.
DNS-NHNH: can be labeled to carbonyl groups via hydrazone bond.

DNS-NH-PITC can be labeled to amino groups via thiourea bond.
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Excitation wavelength Aex max = 335 nm

Emission wavelength Acx max = 460 nm

- N/CHS
Nz oH NZCHs “CH;
‘ CH3 ‘ CHs I I
SO;NH N=C=S
S0,CI SO,NHNH,
Dansyl Chloride = Dansyl Hydrazine Dansylamino-PITC

Figure 1-19. Some Dansyl derivative compounds.

4. Fluoresceins!4¢1%

Fluoresceins emit green fluorescence. Figure 1-20 represent the most common

Fluoresceins derivative.

Excitation wavelength Aex max = 494 nm

Emission wavelength Aex max = 521 nm
5 =-NCS (Fluorescein 5-Isothiocyanate (isomer I) (=5-FITC))
6 = -NCS (Fluorescein 6-Isothiocyanate (isomer II) (=6-FITC))
5 =-COOH (5-Carboxyfluorescein Hydrate (=5-FAM))
6 = -COOH (6-Carboxyfluorescein Hydrate (=6-FAM))

= -CO-NHS (5-Carboxyfluorescein N-Succinimidyl Ester (=5-CFSE))
5 = -maleimide (Fluorescein-5-maleimide) HO O OH
5 = -NH: (5-Aminofluorescein (isomer I)) ‘ ‘
6 = -NH> (6-Aminofluorescein (isomer II)) 6 Q O
5 = -CONH-Alkyne (5-FAM-Alkyne) 5 O
Figure 1-20. Some Fluoresceins derivative compounds.
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5-FITC and 5-FITC can be labeled to amino groups or thiol groups.

5-FAM and 6-FAM can be labeled to amino groups by amide bond formation

using a coupling agent.

5-CFSE can be labeled to amino groups without a coupling agent due to the active
N-hydroxysuccinimide group.

Fluorescein-5-maleimide can be labeled to thiol groups due to the maleimide
group.

5 or 6-Aminofluorescein can be labeled to carboxyl groups by amide bond

formation using a coupling agent.

5-FAM-Alkyne can be labeled to azido groups via click reaction.

5. Europium Chelate Complex'®”

ATBTA-Eu*" (Figure 1-21) emit red fluorescence derived from Europium (Eu®").
It exhibits stable fluorescence in various aqueous buffers and is suitable for time-

resolved fluorometry due to its long fluorescent life time.

ATBTA-Eu?" easily labeled to an amino group after conversion to DTBTA-Eu®*

by cyanuric chloride.
Excitation wavelength Aex max = 335 nm

Emission wavelength Aex max = 616 nm

6. Boron Di-pyromethenes'®)

BDP FL and BDP FL NHS Ester (Figure 1-22) emit green fluorescence.
They can be labeled to amino groups.

Excitation wavelength Aex max = 490-505 nm

Emission wavelength Aex max = 513 nm
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Na

NAM
ATBTA-Eu** o o
NC (@)
<N-N, 1 CH rf' CH
Ql\ll p C—O0—N NN 3
o CH3 Cstl‘

2-[2-Cyano-4-[(N-succinimidyloxy)-

carbonyl]phenyll-1,3a,6a-triazapentalene Bromobimane

Figure 1-21. Chemical structure of some fluorogenic compounds.

Pyrenes(162-166)

Pyrenes (Figure 1-22) emit blue fluorescence.
Excitation wavelength Aex max = 342 nm

Emission wavelength Aex max = 386 nm
N-(1-Pyrenyl)-maleimide can be labeled to thiol groups.

1-Pyrenebutyric Acid can be labeled to amino groups by amide bond formation

using a coupling agent.

1-Aminopyrene can be labeled to carboxyl groups by amide bond formation using

a coupling agent.

1-Ethynylpyrene and 1-[(2-Propynyloxy)methyl]pyrene can be labeled to azido

groups via click reaction.
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1-(Azidomethyl)pyrene can be labeled to terminal alkynes or cyclooctynes via

click reaction.

BDP FL NHS Ester

U_ o
1 NH
07 SN X0 CH,CH,CH;—C—0H ?

N-(1-Pyrenyl)-maleimide  1-Pyrenebutyric Acid 1-Aminopyrene

C=CH CH;0CH;—C=CH

oot 25

1-Ethynylpyrene 1-[(2-Propynyloxy)methyllpyrene 1-(Azidomethyl)pyrene

CH;N;

Figure 1-22. Derivatives of pyrene and boron Di-pyromethenes compounds.

7. Acridine!'®”-1%9)

Acridine (Figure 1-21) emits blue fluorescence.
NAM can be labeled to thiol groups through click reaction.
Excitation wavelength Aex max = 365 nm

Emission wavelength Aex max = 440 nm

8. Bimane!%170

Bromobimane (Figure 1-21) emits blue fluorescence only when bonding to a thiol

group. Bromobimane can be specifically labeled to thiol groups.
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Excitation wavelength Aex max = 390 nm

Emission wavelength Aex max =480 nm

10. Triazapentalene’"

Triazapentalene (Figure 1-21) emit yellow fluorescence in dichloromethane such
as [2-[2-Cyano-4-[(N-succinimidyloxy)-carbonyl]phenyl]-1,3a,6a-
triazapentalene] which exhibits fluorescence solvatochromism. It can be labeled

to amino groups due to the active N-hydroxysuccinimide group.
Excitation wavelength Aex max = 420 nm

Emission wavelength Aex max = 572 nm
1.3 Meropenem

Meropenem (Figure 1-23a) is an intravenous beta-lactam antibacterial with an
ultra-broad spectrum of activity against both gram-positive and gram-negative
bacteria!’*!7>. Meropenem reveals good stability toward B-lactamases and is
used as a last-resort antibiotic, particularly in intensive care units, to treat intra-
abdominal infection, peritonitis, bacterial meningitis, febrile neutropenia,
gynaecological, pneumonia, anthrax, and sepsis. Meropenem is a new antibiotic
from the carbapenem family of antibacterial that has a truly extended spectrum
when used alone!!’¢17, Meropenem can be used to treat various infections that
are caused by multiple drug-resistant organisms, as well as infections due to
mixed aerobic and anaerobic organisms'®’, Meropenem, like other beta-lactam
antibiotics, penetrates the cell wall of bacteria and inhibits the enzymes known as
penicillin-binding proteins (PBPs), which catalyze the cross-linking of
glycopeptides that form the bacterial cell wall. Consequently, preventing cell wall
synthesis'®!. Despite having a similar structure to imipenem, meropenem has
some advantages over it, including a lower seizure proclivity and being stable
against human renal damage caused by dehydropeptidase I (DHP-I), So it does

not require to be combined with cilastatin(!82-184)
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1.4 Clozapine

Clozapine (Figure 1-23D) [3-chloro-6-(4-methylpiperazin-1-yl)-11H
benzo[b][1,4]benzodiazepine], a member of the dibenzodiazepine derivatives, is
considered a second-generation anti-psychotic commonly used in the treatment of
both negative and positive symptoms of schizophrenic patients!3-1¥7, CLZ is
regarded as an effective choice for patients who suffer from resistance or are
unresponsive to conventional neuroleptic medications like haloperidol(!88:189),
Clozapine 1s metabolized by liver through microsomal oxidative cytochrome to
the  relatively  inactive  metabolites  clozapine-Noxide @ and  N-
Desmethylclozapine!'®?. Despite its excellent effectiveness, clozapine's usage is
severely limited due to the incidence of drug-induced agranulocytosis in 1-2 % of
patients"*!"1%Y_ This effect is attributed to the toxicity of one of the clozapine's
metabolites, Ndesmethylclozapine, that appears to be more harmful to the bone
marrow than CLZ itself, leading to decreased white blood cells. Thus, Regular
monitoring of the white blood cell count is recommended to reduce this risk(*>
198)

. It was reported that clozapine metabolism is inhibited by fluvoxamine

medication, resulting in considerably higher clozapine levels in the blood!'”.
1.5 Amlodipine

Amlodipine (Figure 1-23c) chemically is a third generation and most effective
antihypertensive medication that belongs to the calcium channel blockers family
that works by obstructing calcium ions (Ca*?) movement through calcium
channels, which leads to a reduction in blood pressure in hypertension patients%-
202 Moreover, amlodipine has vasodilation activity makes it suitable to be used
to treat ischemic heart disease in patients with either vasospastic angina or stable
angina and without cardiac failure @°*2%9_ Like other calcium channel blockers,
amlodipine offers better protection against stroke and is an excellent choice to

treat Raynaud's phenomenon®®),
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1.6 Sitagliptin

Sitagliptin (Figure 1-23d) is a new anti-diabetic drug belongs to dipeptidyl
peptidase-4 inhibitors that work by increasing insulin production while lowering
glucagon production by the pancreas. It less favored than a sulfonylurea or
metformin drugs in the United Kingdom. Sitagliptin can be used alone or in
combination with other antihyperglycemic drugs such, metformin, simvastatin or

thiazolidinediones%6-209),
1.7 Metformin hydrochloride

Metformin (Figure 1-23e), N, N-dimethylimidodicarbonimidic diamide mono-
hydrochloride, is the most effective and widely used medication for the treatment
of type 2 diabetes, particularly in overweight people. It acts by inhibiting the
gluconeogenesis pathway in the liver. It is also used to treat polycystic ovarian
syndrome and improve weight loss in certain cases. It lowers LDL cholesterol
levels and increases insulin sensitivity by boosting peripheral glucose
absorption®'-214) Metformin not only reduced glucose levels in severely burnt
patients, but it also increased muscle protein synthesis®!'®., Common adverse

effects involve lactic acidosis, nausea, diarrhea, and abdominal pain®!6-219),
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Figure 1-23. Chemical structure of the studied drugs.
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Aims of the study:

1- Develop new fluorometric methods for analysis of MRP, CLZ, AMB, STA,
and MET in real samples.

2- Optimize the experimental conditions to increase sensitivity.

3- Construction of calibration curves with ANOVA for their regression lines.

4- Validate the proposed methods according to ICH recommendations.

5- Applying the methods for determination of the studied drugs in their dosage
form and spiked human plasma.

6- Compare the proposed methods with official or reported one using student’s t
and f tests.

7- Determination of biomarkers levels such as (D-dimer, LDH, GPT, TG, and
plasma MET) in the diabetic and non-diabetic COVID-19 patients before and
after remdesivir administration to show the effect of this drug on these

biomarkers.
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2. Experimental Part

2.1. Apparatus

1.

*® N kW

Spectrofluorometric measurements were done using shimadzu (RF-5301
PC, Kyoto, japan) equipped with xenon lamp (150 watt) together with 1 cm
quartz cuvette. Scanning wavelength range was 220-900 nm (£ 0.3
accuracy and = 0.1 repeatability). Scanning and measurements adjustments
were:

1. Slit width set at 5 nm for both excitation and emission monochromator.
i1. sensitivity: High

1i1. response time: Auto

1X. scanning speed: Super

Thermostatically controlled water bath (LCB-22D, daihan Labtech CO.,
Korea) was utilized for heating purpose.

pH meter wtw (inolab pH 720, Germany) for pH adjustment.

Sensitive digital balance (BP 3015, Sartorius Germany).

Centrifuge PLC model (03 USA).

Oven BS size two, Gallenkamp (England).

Hot plate stirrer, J Lab, model (LMS-100).

D-dimer level was measured using VIDAS (BIOMERIEUX SA, MARCY
L'ETOILE-France).

LDH, GPT and TG levels were measured using ARCHITECT c4000
Clinical Chemistry Analyzer (Abbott, Japanese).
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2.2. Chemical materials

The chemical material involved in this study are showed in the Table 2.1. The

physical and chemical characteristic of these chemical materials were supplied by

MSDS.

Table 2.1. Chemical material used in this study

Seq. Name Molecular Formula Purity% Supplier
1 1,4-dioxan C4H30, 99.8 Merck
2 2-Mercaptoethanol C2HeOS 99 Sigma-Aldrich
3 NBD-CI CsH2CIN3O3 98 GK biotechnology.china
4  Amlodipine Besylate C,0H25CIN,O¢ >99 SDI-Iraq
5 Acetone CsHeO >99.5 Merck
6 Acetonitrile CH;CN >99.9 Merck
7 Aluminum chloride AICl3 99.9 BDH
8 Boric acid BH;0; 99.8 Sigma-Aldrich
9 Butanol CsH100 >99.5 Merck
10 Clozapine CisHi19CINy 99.1 GK biotechnology.china
11 DMF CsH7NO >99.5 Merck
12 DMSO (CH3),SO >99.0 Merck
13 Ethanol for HPLC C:HsOH Absolute Sigma-Aldrich
14 Ethyl acetate C4HsO2 99.8 Merck
15 Hydrochloric acid HCI Con.37% J T Baker
16 PQ-2Br C14sHgBr202 98 GK biotechnology.china
17 Meropenem.3H>O C17H25N305S-3H,0 98.9 SDI-Iraq
18 Metformin. HCI C4H{{Ns.HCI 99.6 SDI-Iraq
19 Methanol CH;0OH 99.8 J T Baker
20  Sitagliptin phosphate C16H18FsNsOsP 99.5 GK biotechnology.china
21  O-phthalaldehyde CsHsO2 > 97 GK biotechnology.china
22 Potassium chloride KCl 99.8 Reachim
23 Sodium hydroxide NaOH >97 BDH
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2.3 Preparation of standard solutions
2.3.1 NBD-Cl reagent 1 mg mL"

The reagent solution was freshly prepared by dissolving 50 mg of reagent with
small amount of methanol in 50 mL volumetric flask and diluted to the mark
with the same solvent. Aluminum foil was used to protect the solution from

light.
2.3.2 O-Phthalaldehyde reagent 0.1 w/v %

A stock reagent solution was freshly prepared by dissolving 100 mg of reagent
with small amount of methanol in 100 mL volumetric flask and diluted to the

mark with the same solvent.
2.3.3 2-Mercaptoethanol 1 v/v %

A stock 2-ME solution was freshly prepared by pipetting 1 mL of 2-ME into 100

mL volumetric flask and diluted to the mark using methanol.
2.3.4 3,6-Dibromo-9,10-phenanthrenequinone 15 pg mL™"

A reagent solution was freshly prepared by dissolving 0.01 g of PQ-2Br in a
small amount of DMF in 100 mL calibrated flask and completed to the mark
with the same solvent. A further dilution was performed to prepare a working

solution with 15 ug mL.
2.3.5 Borate buffer 0.2 M

A solution of 0.2 M borate buffer of pH (7.0 — 12.0) was prepared by dissolving
1.237 g of boric acid (H3BOs3) and 1.5 g of potassium chloride (KCI) in 100 mL
of distilled water. The solution of required pH value was attained by adjust the

pH of solution using 0.2 M sodium hydroxide.
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2.3.6 Sodium hydroxide 0.2 M

A stock solution of 0.2 M NaOH was prepared by dissolving 0.8 g in small
amount of distilled water (in methanol in the case of MET determination) in 100

mL calibrated flask and diluted to the mark with the same solvent.
2.3.7 Hydrochloric acid 0.2 M

A working solution of 0.2 M HCI was prepared by pipetting 1.67 mL of 37%
HCl in 100 mL calibrated flask and diluted to the mark using methanol.

2.3.8 Drugs 100 pg mL"*

A stock solution of 100 ug mL™! of each studied drug was prepared by dissolving
10 mg of the required drug in a suitable solvent (acetone for clozapine; methanol
for metformin hydrochloride; distilled water for the other drugs) in a 100 mL
volumetric flask. The solution was then diluted to the mark with the same solvent.
The working standard solutions containing 10 pg mL™! were prepared from stock
solutions by dilution. There is a six-day shelf-life of the stock solution when

stored at 4 °C.
2.4. Procedure for pharmaceutical formulation

2.4.1. Procedure for meropenem vials®!”

An amount of meropenem®(1g) vial powder equivalent to 10 mg meropenem
trihydrate was accurately weighed and dissolved in 25 mL distilled water in 100
mL volumetric flask. The solution was diluted to the mark to prepare a stock
solution labeled to contain 100 ug mL! of MRP. This solution was further diluted
to obtain a solution with final MRP concentrations of 100 ng mL™ in the
calibration curve procedure detailed in chapter 3. MRP concentrations were

calculated using the linear regression equation.
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2.4.2. Procedure for clozapine, Amlodipine Besylate, and Sitagliptin

phosphate tablets?>?

Five (Clozapex® 100 mg, or Amlodipine Besylate tablets 5 mg, or Januvia®
tablets 128.5 mg) tablets have been carefully weighed and crashed into a fine
powder using a stoneware grinder. An accurate quantity of the obtained powder
equivalent to 10 mg pure drug was weighed and then dissolved using distilled
water (acetone and methanol in the case of clozapine and Amlodipine
respectively). The resultant solution was filtered and diluted to the mark with the
same solvent into 100 mL volumetric flask to make a drug stock solution with 100
ug mL-!. After further dilution, a solution with concentrations of 10 ug mL™"! was
produced. This solution has been further diluted to make a solution with a final
concentration within calibration curve range of each drug. The linear regression
equation of each calibration graph was used to calculate the corresponding drug

concentration.
2.5. Procedure for spiked human plasma

A fresh healthy human whole blood plasma was obtained by collect 4 mL of drug
-free blood from four healthy human volunteers into a vacutainer sodium heparin
tube, which has been subsequently centrifuged at 4000 rpm for 30 minutes.
Thereafter, in centrifugal tubes, 1 mL of drug stock standard solution was spiked
with 1 mL of fresh plasma and 3 mL of acetonitrile solvent (proteins denaturation
agent). The resulting solution was diluted to 10.0 mL using distilled water
(acetone and methanol in the case of clozapine and Amlodipine respectively) and
centrifuged again at 4000 rpm for 20 minutes®?". The produced supernatant was
diluted with the same solvent to obtain a final drug concentration within a range

of calibration curve for each drug.
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2.6 Clinical subject
2.6.1 Study design

The clinical study flow chart was illustrated in scheme 2-1.

96 individuals (man
& woman)

Healthy COVID-19
Group (30) Patients Group
(66)

\ 4

Non-diabetic Diabetic
patients (30) patients (36)

Lab Examination (D-dimer,

¥

Lab Examination (D-
dimer, LDH, GPT, TG)

LDH, GPT, TG, MET)
Before After
remdesivir remdesivir
administration‘ ' i1l administration
Results Results Results
Analysis Of
Results

Scheme 2-1. Schematic diagram represents the flow chart for the clinical study
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2.6.2 Study duration

This study was conducted from January 2021 to April 2021 in al-Hayat Care
Center (seven Lobby Building) in Merjan Medical City for Internal Medicine and
Cardiology.

2.6.3 Collection of Samples

Blood sample was collected using disposable syringes together with needles. Five
mL of blood samples were gained from each control and patients groups. These
samples were centrifuged at 4500xg for 10 minutes in EDTA tube or gel tube.
Serum or plasma are separated and divided into two fractions. One of these
fractions going to central clinical biochemistry lab of Merjan hospital and
undergoes the required routinely examination. The second was collected using

Epperdrof tubes and then frozen until use.
2.6.4 Body Mass Index (BMI)

Body mass index was calculated in all subjects according to ratio depend on
weight and height obtained by applying a mathematical equation, in which the
weight in kilogram is divided by the square height in meter, and the results were

considered as follows®??:

BMI (kg/m?) = weight (kg) / height (m?)
Underweight < 18.5(kg/m?)

Normal weight between 18.5 - 24.9(kg/m?)
Overweight between 25-29.9(kg/m?)

Obese >30(kg/m?).

~ 35 ~



Chapter Two Experimental Part

2.6.5 Administration of Remdesivir

The COVID-19 patients were administered with 200 mg I/V dose of remdesivir
as a first dose followed by a dose of 100 mg I/V for five days. The infectious
diseases physician made a personalized decision for remdesivir dosage, followed
by treatment extension up to 10 days depending on the patient's clinical condition
or based on patient's comfort with the medication or bacterial co-infection and
ventilation duration. The remdesivir is accessible in two dosage forms including
a fluid and a powder. The powder should be blended in liquid and imbued
(gradually infused) into a vein over by a specialist or medical caretaker in a clinic.
It is commonly given once in a day for a duration of five to ten days. The duration

of treatment is dependent on patient’s body reaction to medication?23229,
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3. Result and discussion

3.1 Introduction

The recent literature survey of the analytical papers in the world exhibits that
the analytical chemists during the last decade adopted several efficient rapid
organic reactions and are continually looking for highly sensitive analytical
methods in pharmaceutical, biochemical, and clinical fields using micro samples.
Fluorescence spectroscopy is one of the most popular and efficient technique that

meets the requirement of high sensitivity without loss of precision or specificity.

In order to estimate the concentration of non-fluorescent pharmaceutical products
spectrofluorometrically, a variety of fluorescent labeling reagent is used. Some of

which were illustrated in chapter one.

Herein, we present new click-like validated methods for quantification of some
drugs in their dosage form and fresh human plasma. The study includes three
parts, the first one involves determination of meropenem and clozapine in their
pharmaceutical formulation and human plasma using NBD-CI as analytical
fluorogenic reagent. The second represent determination of amlodipine besylate
and sitagliptin in their pharmaceutical formulation and human plasma using O-
phthalaldehyde as analytical fluorogenic reagent in the presence of 2-
mercaptoethanol as fluorophore stabilizer agent. The third part represent
determination of metformin hydrochloride in a fresh human plasma using 3,6-

Dibromo-phenanthrenequinone as analytical fluorogenic reagent.

Both the studied drugs and fluorescence derivatizing reagents do not exhibit
fluorescence intensity unless a reaction occurs between the analytical derivatizing
reagent and the drug of interest to form a fluorescent product which can be

measured spectrofluorometrically.
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3.2. Determination of meropenem and clozapine using NBD-CI as

fluorogenic derivatization reagent.

3.2.1 Assigning the fluorescence spectrum of NBD-Drug fluorophore

NBD-CI is one of the most fluorescence derivatizing reagents that has been
utilized for quantifying a wide range of compounds with a secondary or primary
amine moiety. The mentioned drug acts as a source of the secondary amino group.
Under heated alkaline conditions, a nucleophilic aromatic substitution reaction
occurred in which these drugs acted as a nucleophile which attacked an electron-
poor aromatic molecule (NBD-CI), resulting in the substitution of a leaving group
(Cl) by one of the mentioned drug Figure 3-1. The reaction produces a highly
fluorescent colored adduct whose excitation and emission wavelengths were
detailed in Table 3-1. This variation in wavelength depends on the molecular
structure of reacted molecule and environment. Figure 3-2 & 3-3 represent the
fluorescence spectra for NBD-MRP and NBD-CLZ fluorophores respectively

against blank solution prepared under the same condition without drug.

Table 3-1 Excitation and emission wavelengths of the NBD-Drug product

No. NBD-Drugs Wavelengths (nm)
Excitation Emission
1 NBD-Meropenem 471 536
2 NBD-Clozapine 469 540
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Figure 3-2. Excitation and emission spectra of MRP-NBD product (a,a’) with blank
solution (b,b") using optimal experimental condition.
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\
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a
. J L .
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Wavelength (nm)
Figure 3-3. Excitation and emission spectra of CLZ-NBD product (a,a') with blank

solution (b,b') using optimal experimental condition.
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Figure 3-1. The suggested reaction pathway of NBD-Cl reagent with meropenem and

clozapine.

3.2.2 Optimization of experimental conditions of NBD-MRP fluorophore

The experimental parameters of the suggested method that affect the stability and
intensity of the NBD-MRP product were carefully estimated and optimized. Each
parameter was investigated individually while the other parameters remained

constant.
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3.2.2.1 Effect of reagent volume

Different volumes of 1 mg/mL NBD-CI (0.1-2.5 mL) were used and, as observed
in Figure 3-4, the fluorescence intensity increased with respect to the reagent
volume increment until reaching a steady state point (0.5 mL) and there was no
further increase in fluorescence intensity. As a result, 0.5 mL of reagent was

chosen for subsequent experiments.

250

200

150

FI

100

50

0 0.5 1 1.5 2 2.5 3
NBD-Cl volume/ml

Figure 3-4. Effect of reagent volume on the fluorescence intensity of reaction product between

MRP and NBD-CI.

3.2.2.2 Effect of pH and buffer's volume

Different borate buffer solutions in the pH range (7.0-12.0) were used to check
the influence of pH value upon the formation of the fluorescent product. As shown
in Figure 3-5, the intensity of the fluorescent product increased gradually with pH
increase until reaching an optimal point at pH value 9.0, after which it decreased
significantly owing to an increase in hydroxide ion concentration, which increased
background signal through NBD-OH formation and hold-back the nucleophilic
reaction between NBD-Cl and MRP®29, Different borate buffer volumes of pH

9.0 covering the range (0.25-2.25 mL) were used to find out the volume that gives

~ 41 ~



Chapter Three Results & Discussion

the highest fluorescence intensity of reaction product. It was obvious from Figure
3-5, that 0.75 mL of borate buffer volume exhibited a maximum fluorescence
intensity. Decrease or increase the buffer's volume leads to decrease in the
intensity of fluorescence, thus, 0.75 mL of buffer was considered as the optimum

volume.
pH
7 8 9 10 11 12

1 L 1 L 1

350

buffer's volumg
=@~ pH
300

250

200

FI

150

100

50 T T T T T T T T
0.0 0.5 1.0 1.5 20 25

Buffer volume/mL

Figure 3-5. Effect of pH and buffer's volume on the fluorescence intensity of reaction product

between MRP and NBD-Cl

3.2.2.3 Effect of the warming time and temperature

The Temperature effect on the intensity of fluorescent product was studied at
various temperature ranging from (30-100 °C) over period of time. Figure 3-6
shows that the maximum fluorescence intensity was observed at 80 = 2 °C
followed by a steady state until 90 °C, above which there was a slight decline in
fluorescence intensity. At 80 °C, various time intervals ranging from (2 to 30 min)

were used to determine the optimal time required to complete the reaction. As
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shown in Figure 3-6, the optimal intensity of the fluorescent product was achieved

after 15 minutes at 80+2 °C.

Warming time / min

0 5 10 15 20 25 30 35
350 : I : I : I : I : I : I :

Temperature
=@= Warming time

300

250

200

FI

150

100

50

0 T T T T T T T T
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Temperature/ °C

Figure 3-6 Effect of Temperature and warming time on the fluorescence intensity of reaction

product between MRP and NBD-CI.

3.2.2.4 Effect of concentrated HCI volume

It has been reported that NBD-CI hydrolyzes under alkaline heated conditions to
yield a side product known as 4-hydroxy-7-nitro-2,1,3-benzoxadiazole (NBD-
OH)?29 that has high fluorescence intensity at Aemi 500-550 nm. Therefore,
acidification of the reaction mixture before dilution was required to reduce the
fluorescence intensity of the interfering background without affecting the NBD-
Drug product and, as a result, improve sensitivity. Different volumes of
concentrated HCI were used. The results reveal that the ideal HCI volume is 0.5

mL.
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3.2.2.5 Effect of diluting solvents

Several diluting solvents were tested, including methanol, acetone, ethanol,
butanol, 1,4-dioxan, acetonitrile, ethyl acetate, DMF, and DMSO, to find the
solvent that reveals the highest intensity of the fluorescent product. The results
show that the maximum intensity value was obtained after diluting with acetone,

as shown in Figure 3-7.

300
250
200
T 150 —

100

) H
0

Figure 3-7 Effect of diluting solvents on the fluorescence intensity of reaction product between

MRP and NBD-Cl

3.2.3 Validation of method

The developed method has been validated according to International Conference

on Harmonization (ICH) guidelines®?”.
3.2.3.1 Calibration curve (Recommended procedure)

To a set of 10 mL volumetric flasks, appropriate aliquots of the working standard
solution (10 pg mL") were accurately transferred using a micropipette to prepare
solutions with drug concentration ranging from (25-650 ng mL™"), Then, 0.75 mL

of borate buffer pH 9.0 and 0.5 mL of NBD-CI were added. The flask contents
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were gently mixed before being heated at 80 °C for 15 min in a thermostatically
controlled water bath, then allowed to cool in an ice bath. After that, the cooled
mixture was acidified by adding 0.5 mL of concentrated hydrochloric acid then
diluted to mark using acetone. The intensity of the resulted fluorescent product
was measured at 536 nm when excited at 471 nm against blank solution prepared
under similar conditions. Calibration curve was constructed by plotting the
fluorescence intensity at 536 nm (after excitation 471 nm) as a function of
meropenem concentration Figure 3-8 (a) and (b), and the corresponding

regression equations were derived.

700
y =0.8618x + 45.96

R?=0.9964
600 A
500 H P
400 A

o
300 A
[ )

200 A

(J
100 A

0 T T T T T T
0 100 200 300 400 500 600 700

MRP concentration in ng mL™?

Figure 3-8 (a) Calibration curve of meropenem drug
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Figure 3-8 (b) Calibration curve of meropenem in dependence to scan spectra
Analysis of variance (ANOVA) was calculated for calibration curve, in which the
value of Fyatisic (F=1669.21) is larger than Fsignificance (F's = 5.987), indicating there
is a non-significance difference at confidence level 95% due to the regression and
error around regression (residual), So these results are approaching to the ideal

state (linearity)®?® as illustrated in Table 3-2.

Table 3-2 Results of ANOVA analysis for linear regression equation

Source *DF *SS *FHEEMS F statistic F significance

Regression 1 271953.3 2719533 1669.21  5.987

Residual 6 977.5370  162.9228

Total 7 272930.8

Coefficients Standard t Stat P-value Lower Upper

Error CL:95% CL:95%

Intercept 45.9603 7.194 6.388 0.0007 28.356 63.564

Slope 0.8618 0.0211 40.8560  5.987 0.8102 0.9134

*Df=Degree of freedom, **SS=Sum of Square, ***MS=Mean of Square, CL = confidence
level

~ 46 ~



Chapter Three Results & Discussion

3.2.3.2 Linearity and range

The linear regression equation of the analyzed data was given in the following

formula:
F=0.8618 C +45.9603

Where F represent fluorescence intensity, C represent MRP concentration in ng

mL-!.

The calibration curve is linear in the concentration range of 25 - 650 ng mL™! with
an excellent correlation coefficient (r = 0.9981). Furthermore, the obtained results

were statistically analyzed and the regression parameters were summarized in

Table 3-3.

Table 3-3 Analytical parameters of the suggested spectrofluorimetric method.

Parameter suggested method
Aexc (Nm) 471
Aemi(nm) 536
Concentration range (ng mL™") 25-650
Slope 0.8618
SD of slope 0.0145
Determination coefficient (r?) 0.9964
Correlation coefficient (r) 0.9981
Intercept 45.96
SD of intercept 8.74
LOD? (ng mL") 3.15
LOQ® (ng mL™) 9.55

®LOQ: Limit of quantitation. 2LOD: Limit of detection
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3.2.3.3 limit of quantitation (LOQ) and Limit of detection (LOD)

LOQ and LOD of the proposed spectrofluorometric method were calculated using
the formula provided by the ICH Q2 (R1) recommendation. The low value of
LOQ and LOD indicates that the developed method has high sensitivity, as
observed in Table 3-3.

3.2.3.4 Accuracy

Accuracy of the analytical method represent the closeness of the measurement to
the true or accepted value. Three concentrations (75, 150, 250 ng mL') have been
used to verify the accuracy of the proposed method using five replications for each
concentration. The data was expressed as percent recovery (R%) as illustrated in
Table 3-4. The obtained results exhibit a high degree of agreement between

calculated and true values. As a result, the suggested method is highly accurate.

Table 3-4 Accuracy data of the suggested spectrofluorimetric method

Sample  Concentrations ng mL'  Recovery%?®+ SD
1 75 99.69 + 1.81
2 150 99.20 +1.92
3 250 99.34 + 1.87

®Mean of five determinations

3.2.3.5 Precision

The analytical method precision was expressed as intermediate precision (inter-
day precision) and repeatability (intra-day precision). The precision of the
proposed method was checked by analyzing three distinct concentrations of MRP
(100, 200,300 ng mL") at successive time intervals on the same day and different
day for intra-day precision and inter-day precision respectively, followed by
measuring the fluorescence intensity of the solution whose concentration was

calculated using the previously computed regression equation. The value of the
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calculated relative standard deviation (R.S.D%) was found to be less than 2 %,

indicating acceptable precision as detailed in Table 3-5.

Table 3-5 Intra- and inter-day precisions of the suggested spectrofluorimetric method

Concentration ng mL™! Intra-day precision Inter-day precision
Recovery%®* R.S.D Recovery%* R.S.D
100 98.90 0.99 99.83 1.19
200 99.00 0.52 100.16 0.52
300 99.80 0.77 100.27 0.42

Mean of five determinations

3.2.3.6 Robustness

The proposed method's robustness was checked by measuring the fluorescence
intensity after making a little variation in some experimental parameters such as
pH, borate buffer volume, and reagent volume. The data was presented as relative
standard deviation (R.S.D) and percent recovery (R%) and as illustrated in Table
3-6, and the results reveal that the low value of R.S.D (less than 2%) indicates that
the little variation in experimental parameters has no significant effect on the

determination of MRP.

~ 49 ~



Chapter Three Results & Discussion

Table 3-6 Robustness evaluation for the suggested spectrofluorimetric method.

Experimental parameters Recovery%?*+ R.S.D

Volume of NBD-CI (mL)

0.4 97.98 + 0.87
0.5 98.44 + 0.63
0.6 98.90 £ 0.99
Buffer pH

8.8 99.83 +0.75
9 99.60 + 0.63
9.2 99.14 £ 1.02

Warming time (min)

12 97.51+£0.76
15 99.60 £ 0.98
18 100.30 = 0.86

aMean of five determinations.

3.2.3.6 Applications
3.2.3.6.1 Application in the pharmaceutical vial

The proposed method was successfully applied for the determination of MRP
concentration in commercial vials (Meropenem trihydrate® 1 g vial) scheme 3-1.
The obtained data were compared statistically to those obtained from the reported
and official method according to t and F- tests at 95% confidence level®*?. Table
3-7 shows that the values of t and f-test were lower than the corresponding critical
(tabulated) values, denoting there was no statistically significant difference

between the official or reported method and the suggested methods.
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Table 3-7 Statistical comparison of data obtained by suggested spectrofluorometric method

with the reported and official methods for quantification of meropenem in pharmaceutical vials.

Parameter Proposed method  Reported method Official method
Recovery% 99.48 100.55 100.18
S.D 1.67 1.56 1.32
Variance 2.81 2.44 1.75
Observation (n) 5 5 5
t test t citca = 2.3 (p= 1.05 1.60
0.05)
f test f criticat = 6.38 (p= 1.15 0.73
0.05)

3.2.3.6.2 Application in the spiked human plasma

In order to prove the ultra-sensitivity of the proposed spectrofluorimetric method,
different MRP concentrations (50, 75, 100, 150, and 200 ng mL!) were assayed
in spiked human plasma scheme 3-1. The data was presented as a percentage of

recovery (R%), as shown in Table 3-8.

Table 3-8 Application of the suggested spectrofluorimetric method for quantification of MRP

in human plasma.

Added conc. Found conc. Recovery% ?

(ng mL™1) (ng mL™) + SD

50 48.78 98.02 +1.30
75 73.46 97.84 +1.64
100 98.90 98.90+2.16
150 147.18 98.12 £ 1.30
200 196.84 08.42 +1.14

aMean of five determinations.

~51 ~



Chapter Three Results & Discussion

{ L\ e
{/ K \ '\R Blood [
I I - ol | |
{ W T f ; [
iﬁw‘ \ f |I| F’U”Lu II,-' ﬁ{'cnt-:rl'ugation
\ ‘ b S _
| . = Meropenem solution
W .-
)
L /{ : NBD-C! reagent
7 © '
pH 9.0
’0°C
-_ 15 min

NBD-Cl reagent
pH 9.0

80°C

15 min

Meropenem solution

| P
= _,| IV/__\_ Fluorescent product

FLR. 550 £00 he= 471 N, hen= 536 nm

Scheme 3-1. Graphical abstract for quantification of MRP in pharmaceutical formulation and
spiked human plasma
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3.2.4 Optimization of experimental conditions of NBD-CLZ fluorophore

The experimental factors of the subjected approach that enhance the stability and
fluorescence intensity of NBD-CLZ product were thoroughly determined and
optimized. Each factor has been studied independently while the other factors kept

constant.
3.2.4.1 Effect of reagent volume

The effect of reagent volume on the fluorescence intensity of reaction product has
been studied in the range (0.25-3.0 mL). the fluorescence intensity improved as
the reagent volume increased until reach a point (1.5 mL) and the intensity did not
increase further. As a consequence, 1.5 mL of NBD-CIl has been chosen for

subsequent experiments as detailed in Figure 3-9.

250

200

150

FI

100

50

0 0.5 1 1.5 2 2.5 3 3.5
NBD-CI Volume (mL)

Figure 3-9 Reagent volume effect on the FI of CLZ-NBD product

3.2.4.2 Effect of pH and borate buffer's volume

In order to study the effect of the acidity and basicity of the reaction media on the

formation of the NBD-CLZ product, several borate buffer solutions with pH
~53 ~



Chapter Three Results & Discussion

ranging from 7.0-12.0 have been employed. Figure 3-10 illustrates the gradual
increase in fluorescence intensity with the respect to pH value until it attained a
maximum value (pH 9.0), above which there was no further increase. Instead, it
diminished considerably as a result of the formation of NBD-OH compound,
which increased the background signal. Thus, pH 9.0 was selected as the optimal

value.

To select the volume that produces the greatest fluorescence intensity of NBD-
CLZ product, several volumes of borate buffer (pH 9.0) within the range (0.1-2
mL) were used. As shown in Figure 3-10, the FI increases as a function of buffer
volume until reach a steady state region from (1.0-1.5 mL). followed by marked
decrease. Therefore, 1 mL is optimal buffer's volume.

Buffer volume/mL

0.0 0.5 1.0 1.5 2.0 25
350

pH
=@ =buffer's volume

300

250

200

FI

150

100

50

pH
Figure 3-10 Effect of pH and borate buffer's volume on the FI of NBD-CLZ product
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3.2.4.3 Effect of the heating temperature and heating time

The influence of heating temperature on the FI of NBD-CLZ product has been
checked at different temperature within the range (30 - 100 °C) through a certain
time interval. Figure 3-11, illustrate that the highest FI has been achieved at 80 +
2 °C. At this temperature, the sufficient time required to complete the reaction has
been determined using different heating time (1-30 min). As detailed in Figure 3-

11, the sufficient heating time was found to be 15 minutes.

Warming time/min

0 5 10 15 20 25 30 35
350 T T T T T T T T T T T T

Temperature
=@ =Warming time

300 ~

250

200

FI

150 ~

100 ~

50

0 T T T T T T T T
20 40 60 80 100

Temperature/°C

Figure 3-11 Effect of temperature and warming time on the FI of NBD-CLZ product

3.2.4.4 Effect of concentrated HCI volume

According to the literature survey, the high hydroxyl ion concentration of the
experimental condition (pH 9.0) causes an interfering problem by reacting with
NBD-CI to form NBD-OH compound, which is responsible for increasing the
background signal. This problem can be overcome by lowering the pH of the

reaction mixture to less than 1 without influencing the NBD-CLZ product by
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adding concentrated HCIl volume following the cooling step. Various HCI
volumes has been used within the range (0.1-1.0 mL). The optimal HCI volume

was found to be 0.6 mL.
3.2.4.5 Diluting solvents Effect

To select the solvent that produces the maximum FI of NBD-CLZ product,
various diluting solvents have been examined, such as acetonitrile, 1,4-dioxan
acetone, methanol, butanol, ethyl acetate, DMF, DMSO, ethanol, and D.W. The
highest FI was attained when using acetone as dilution solvent, as illustrated in

Figure 3-12.
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Figure 3-12 Diluting solvents effect on the FI of NBD-CLZ product

3.2.5 Validation of method

The suggested approach has been validated in accordance with (ICH)

recommendations??).
3.2.5.1 Calibration curve (recommended procedure)

An appropriate portion of the working standard solution (10 ug mL™") were

carefully transferred to a series of 10 mL calibrated flasks to prepare a solutions
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with final CLZ concentrations over the range (80-900 ng mL™!).Followed by 1.5
mL of reagent (NBD-CI) together with 1 mL of borate buffer (pH 9.0). The
reaction mixture was mixed well and heated in a thermostatically controlled water
bath for 15 min at 80 °C, then refrigerated for 5 min. After that, 0.6 mL of
concentrated HCI was added to acidify the mixture. The flask contents were then
diluted to the mark using methanol. The fluorescence intensity of the resulted
product was measured at 540 nm when excited at 469 nm. The same procedure
was performed without CLZ to obtain blank solution. The calibration graph was
produced via plotting the increment in the fluorescence intensity of NBD-CLZ
product with the respect to CLZ concentration Figure 3-13 (a) and (b) The

regression equation of the calibration graph was derived.

y=0.5175x + 31.599
R?=0.9969

500 A

400 A

300 A

Fl

200 A

100 A

0 100 200 300 400 500 600 700 800 900 1000
CLZ Con. ng/mL

Figure 3-13 (a) Calibration curve of clozapine
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Figure 3-13 (b) Calibration curve of clozapine in dependence to scan spectra

Analysis of variance (ANOV A) was calculated for calibration curve, in which the
value of Fiatisiic (F=1908.93) is larger than Fiignificance (F's = 5.987), indicating there
1s a non-significance difference at confidence level 95% due to the regression and
error around regression (residual), So these results are approaching to the ideal

state (linearity) as illustrated in Table 3-9.

Table 3-9 Results of ANOVA analysis for linear regression equation

Source *DF *SS *HEEMS F statistic F significance
Regression 1 195604.1  195604.1 1908.93  5.987
Residual 6 614.807 102.46
Total 7 196218.9

Coefficients Standard t Stat P-value Lower Upper

Error CL:95% CL:95%

Intercept ~ 31.599 6.6431 4.7566 0.003137 15.34 47.85
Slope 0.5175 0.0118 43.691 5.987 0.488 0.546

*Df=Degree of freedom, **SS=Sum of Square, ***MS=Mean of Square, CL = confidence level
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3.2.5.2 Linearity and range

The linear regression equation of the analyzed data was given in the following

formula:
F=0.5175C +31.598

Where F represent fluorescence intensity, C represent CLZ concentration in ng

mL-!.

The linear concentration of the calibration graph ranged from 80-900 ng mL! of

CLZ. The resulted data were summarized in Table 3-10.

Table 3-10 Analytical parameters of the suggested approach.

Parameter suggested method
Aexc (Nm) 469
Aemi(nm) 540
Concentration range (ng mL')  80-900
Slope 0.5175
SD of Slope 0.0146
Determination coefficient (r?)  0.9969
Correlation coefficient (r) 0.9984
Intercept 31.6
SD of intercept 8.74
LOD* (ng mL™) 14.16
LOQ** (ng mL™) 42.92

**LOQ: Limit of quantitation. *LOD: Limit of detection
3.2.5.3 Limit of detection (LOD) and Limit of quantitation (LOQ)

LOD and LOQ of the suggested approach were obtained by calculating the
standard deviation (S.D) of seven blank solution. The obtained S.D value was

substituted in the equations supplied by the ICH Q2 (R1) guidelines, where
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LOD_3.35 0 _10S
b’ Q= b

where S denotes to S.D, while b denotes to slope of the calibration graph's
regression line. As mentioned in 7able 3-10, The small LOD and LOQ values
indicate that the suggested approach is highly sensitive.

3.2.5.4 Accuracy

The suggested approach's accuracy has been determined by measuring the
fluorescence intensity of the NBD-CLZ product using three concentration level
within the calibration graph (100, 200, 300 ng mL™') by performing five
replications of each selected concentration. As detailed in Table 3-11, the obtained
results were analyzed to obtain percent recovery (Re%) whose values indicate the

suggested approach is highly accurate.

Table 3-11 Accuracy data of the suggested approach

Sample Concentrations ng mL! Recovery% "+ SD
1 100 100.09 + 1.51

2 200 99.13 £1.48

3 300 99.45+1.58

* Mean of five determinations

3.2.5.5 Precision

The precision of the suggested approach has been represented as inter-day
precision (Reproducibility) and intra-day precision (Repeatability). Three CLZ
concentration (150, 200, and 300 ng mL™!) was selected to test the precision of the
suggested approach. Each concentration was analyzed at consecutive time during
the day to obtain repeatability and at different day to obtain reproducibility. As
illustrated in Table 3-12, the low value of relative standard deviation (R.S.D.%

less than 2) indicate that the suggested approach is highly precise.
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Table 3-12 Intra- and inter-day precisions of the suggested approach.

Concentration ng mL” Intra-day precision Inter-day precision
Recovery%* R.S.D.%  Recovery%* R.S.D.%

100 100.87 1.77 100.48 1.60

200 99.32 0.84 99.71 1.42

300 99.83 1.04 100.22 1.02

* Mean of five determinations

3.2.5.6 Robustness

The robustness describes the stability of the analytical method under a slight
change in some experimental factors. In this work, four experimental factors
(warming time, Temperature, pH, and reagent volume) was slightly changed to
test the robustness of the suggested approach. As mentioned in Table 3-13, the
obtained values of percent recovery and R.S.D.% implies that slight changes in

experimental conditions have no considerable effect on the quantification of CLZ.

Table 3-13 Robustness evaluation for the suggested approach.

Experimental parameters  Recovery%* = R.S.D.%

Warming time (min)

13 97.77 £ 1.44
15 100.29 £ 1.12
17 98.55+1.13
Temperature (°C)

77 100.29 +1.23
80 99.71 £1.42
83 100.48 +1.52
Buffer pH

8.8 98.35+ 1.55
9 99.32 + 1.45
9.2 97.19 + 1.45

~ 61~



Chapter Three Results & Discussion

Reagent volume (mL)

1.3 99.71 £0.96
1.5 100.09 + 0.96
1.7 99.32 £1.35

* Mean of five determinations.

3.2.5.7 Application
3.2.5.7.1 Application in the pharmaceutical vial

The suggested approach has been successfully used for quantifying of clozapine
in pharmaceutical tablets. The resulted data have been compared with the result
produced from reported method using student’s t and f test at confidence level
equal to 95%*. Table 3-14, illustrate that the t and f values of the suggested
approach were less than relevant tabulated values, implying that the reported

method and the suggested approach were not statistically different.

Table 3-14 Statistical comparison of data resulted by suggested approach with those of the

reported one for determination of CLZ in pharmaceutical tablets.

Pharmaceutical Proposed method Reported method
preparation
Clozapex (100 Added conc. (ng mL!') Found% Added conc. Found%
mg) tablets (ng mL)
20 99.6 20 98.94
40 101 30 99
60 97.9 60 102
80 98.5 70 101.4
100 100.7 80 98.45
Mean = S.D 99.54 £ 1.34 99.95 +£1.61
Variance 1.81 2.62
t value 0.44 (2.30)*
f value 1.44 (6.38)*

*The value between bracket represent the corresponding f and t tubulated values
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3.2.5.7.2 Application in the spiked human plasma

Five CLZ concentration (100, 150, 200, 250, 300 ng mL!) were successfully
determined in spiked fresh human plasma. The obtained values of recovery

percent (Re%) were mentioned in Table 3-15.

Table 3-15 Application of the suggested approach for determination of CLZ in human plasma
Added conc. (ng mL!') Found conc. (ng mL') Recovery% "+ SD

100 101.25 101.25 £1.58
150 150.34 100.22 + 1.81
200 194.78 97.39 +£2.30
250 248.50 99.40 £2.38
300 294.49 98.16 £0.85

*. Mean of five determinations.

3.3. Determination of amlodipine besylate and sitagliptin using O-

phthalaldehyde as fluorogenic derivatization reagent.

3.3.1 Assigning the fluorescence spectrum of OPA-2ME-Drug

fluorophore

O-Phthalaldehyde (OPA) is the most popular fluorogenic agent that widely used
for detection a nanogram of compounds with primary amine moiety. Primary
amines form a highly fluorescent adducts when reacted with O-Phthalaldehyde
(OPA) and a thiol compound (like 2-mercaptoethanol) through condensation
reaction under basic conditions. It is used in a very sensitive fluorescent reagent
for assaying sulthydryls, many biogenic amines, peptides, and proteins in
nanogram quantities in body fluids. The reaction is essentially complete within
5.0-40.0 minute. The fluorescence intensity of reaction product is attributed to the

formation of isoindole group which trigger the compound to give fluorescence
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intensity. The produced fluorophores usually excited within the range 330-390

nm with emission 436-480 nm®31-237),

OPA was utilized for determination of amlodipine besylate and sitagliptin via a
click-like three-component labeling of primary amine substituted compound
(drug) with O-phthalaldehyde and 2-mercaptoethanol (as fluorophore stabilizer
agent). The resulting N-fused aromatic isoindole moiety provides a high
fluorescence intensity Figure 3-14, enabling fast, sensitive, and accurate
measurement across a very broad range of drug concentrations. Figure 3-15 and
3-16 illustrate the fluorescence spectrum of OPA-2ME-AMB and OPA-2ME-
STA fluorophores using drugs concentration 500 ng mL"'. The formed
fluorophores exhibit excitation wavelength at 378 and 335 nm with emission

wavelengths 475 and 458 nm for AMB and STA respectively.

Fluorogenic agent

HO\/\SH

2-ME

STA . AMB

Figure 3-14. The suggested pathway of reaction between OPA with amlodipine and

sitagliptin in the presence of 2-ME. 64
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Figure 3-15. Excitation and emission spectra of AMB-2ME-OPA product using optimal

experimental condition.
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Figure 3-16. Excitation and emission spectra of STA-2ME-OPA product using optimal
experimental condition.
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3.3.2 Optimization of experimental conditions of OPA-2ME-AMB

fluorophore

There are several experimental factors of the subjected approach that affect either
on the stability or on the fluorescence intensity of OPA-2ME-AMB fluorophore.
These variables have been properly investigated and optimized. Each factor has

been studied independently while the other factors kept constant.
3.3.2.1 Effect of pH and buffer's volume

The pH of the reaction mixture solution significantly affects on the fluorescence
intensity of the formed fluorophore. One of the most widely used methods for
forming a stable isoindole ring is to react OPA with two nucleophiles (2ME and
primary amine). The reaction is usually carried out in alkaline media (pH 8.0-
12.0) to ensure the conversion of 2ME to thiolate ion (active nucleophile). For
this reason, the pH of the reaction mixture solution was studied in the range of
7.5-12.0 using a 0.2 M borate buffer solution. As shown in Figure 3-18, the
fluorescent intensity of the formed OPA-2ME-MET fluorophore increases as a
function of solution pH until it reaches a maximum value at pH= 10.0 and no
longer increases. Otherwise, it decreased gradually owing to background
compound formation. In fact, the formation of this compound is attributed to a
mechanism in which at higher pH values, the OH ion competes with the thiolate
ion to attack the OPA carbonyl, resulting in isoindole ring formation with two

substituted OH groups®® Figure 3-17.

© OH
pH = 120
+ R-NH, - N—R
- OH
H HSM
OH
(]

Figure 3-17. Formation of background compound in higher alkali condition.
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The influence of borate buffer volume on the FI of the formed fluorophore was
also studied in the range of (0.2-3.0 mL) at (pH = 9.8). As showing in Figure 3-

18, the maximum FI was reached at 2.0 mL which selected as optimal buffer

volume.
Buffer volume/mL
0.0 0.5 1.0 1.5 2.0 25 3.0 3.5
pH
400 =@ = buffer's volume
350
300
I
250
200
150
100 : : 3 . . .
7 8 9 10 11 12 13
pH

Figure 3-18. Effect of pH and buffer's volume on the FI of the formed fluorophore

3.3.2.2 Effect of OPA volume

The effect of reagent volume on the fluorescence intensity of the formed
fluorophore has been studied in the range (0.2-3.0 mL) using 0.1% w/v OPA
solution. It was noticed that the fluorescence intensity increases as the reagent
volume increase until reach a steady state region from (1.25-1.75 mL), followed
by marked decrease. As a consequence, 1.5 mL of OPA was selected optimal

reagent volume as detailed in Figure 3-19.
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Figure 3-19. Effect of OPA volume on the FI of the formed fluorophore

3.3.2.3 Effect of 2-ME volume

According to the literature, the formation of isoindole compounds from the
reaction of OPA with primary amine is usually unstable where the FI is decrease
to the halve of its original value after 10 min period. This problem can be
overcome by adding an active thiol compound like 2-mercaptoethanol before the
OPA addition step®®. For this reason, different volumes of 2-ME 0.5 % w/v
within the range (0.1-1.5 mL) were used. It was found that the fluorescence
intensity of the formed fluorophore increases gradually with the volume of 2-ME
until reach a steady state region (0.7-1.2 mL) through which the FI remain
unchanged, indicating that the formed fluorophore became stable enough and give
maximum FI. Hence, 0.8 mL of 2-ME solution was selected as optimal volume

Figure 3-20.
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Figure 3-20. Effect of 2-ME volume on the FI of the formed fluorophore

3.3.2.4 Effect of time after addition of 2-ME

It was found that the time after addition 2-ME was significantly affect on the
fluorescence intensity of the formed fluorophore, however the formation of
thiolate ion requires sufficient time to complete. As shown in Figure 3-21, five

minutes was selected as optimal time.
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Figure 3-21. Effect of time after addition of 2-ME on the FI of the formed fluorophore
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3.3.2.5 Effect of reaction time

Various time intervals within the range (2.0-45.0 min) were tested. It was noticed
that the FI increase with the respect to the reaction time up to 30 min, after which
the FI remains unchanged up to 90 min. Hence, allowing the reaction mixture to

stand for 35 min is sufficient to complete the reaction Figure 3-22.
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Figure 3-22. Effect of reaction time on the FI of the formed fluorophore

3.3.2.5 Diluting solvents Effect

To select the solvent that obtains the highest fluorescence intensity of the formed
fluorophore, different diluting solvents have been tested, such as acetonitrile, 1,4-
dioxan acetone, methanol, butanol, ethyl acetate, DMF, DMSO, ethanol, and
D.W. It was found that the dilution of the reaction mixture with methanol give

maximum FI.
3.3.3 Validation of method

The developed method has been validated according to International Conference

on Harmonization (ICH) guidelines.
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3.3.3.1 Construction of calibration curve (Recommended procedure)

Aliquots of AMB working standard solutions were quantitatively transferred
using micropipette into a series of 10 ml calibrated flasks to prepare a final AMB
concentration within the range (125-1400 ng mL!"). Then, 2 mL of 0.2 M borate
buffer solution (pH = 9.8) together with 0.8 mL of 1 %v/v 2-ME were added for
each flask and mixed well. The reaction mixture was allowed to stand for 5 min.
Thereafter, 1.5 mL of 0.1% w/v OPA was added and mixed gently. The reaction
mixture was left again for 35 min at room temperature. The solution in each flask
was diluted to the mark using methanol. The fluorescence intensity of the resulted
solutions were measured at 475 nm when excited at 378 nm. The values of the FI
were plotted vs final AMB concentration to obtain calibration curve whose linear

regression equation was derived simultaneously Figure 3-23 (a) and (b).

1000

900 4 y= 0.601x + 47.053
R?=0.9974
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AMB concentration ng mL?

Figure 3-23 (a). Calibration curve of AMB drug
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Figure 3-23 (b). Calibration curve of MET drug in dependence to scan spectra
Analysis of variance (ANOV A) was calculated for calibration curve, in which the
value of Fiatisiic (F=3390.13) is larger than Fiignificance (F'o = 5.117), indicating there
is a non-significance difference at confidence level 95% due to the regression and
error around regression (residual), So these results are approaching to the ideal

state (linearity) as illustrated in Table 3-16 .

Table 3-16. Results of ANOVA analysis for linear regression equation

Source *DF **SS *EXMS F statistic ~ F significance

Regression 1 6141372 61413724 3390.13 5.117

Residual 9 1630.39 181.15

Total 10 615767.6

Parameter Value Standard t Stat P-value Lower Upper
Error CL:95% CL:95%

Intercept 47.052937  7.901720  5.954771  0.000214  29.17 64.92

Slope 0.6010266  0.010322  58.22483  5.117 0.577  0.624

*Df=Degree of freedom, **SS=Sum of Square, ***MS=Mean of Square, CL=confidence level
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3.3.3.2 Linearity and range

The linear regression equation of the analyzed data was given in the following

formula:
F=0.601 C+47.053

Where F represent fluorescence intensity, C represent AMB concentration in ng
mL!. The linear concentration of the calibration graph ranged from 125-1400 ng

mL! of AMB. The resulted data were summarized in Table 3-17.

Table 3-17 Analytical parameters of the suggested approach.

Parameter suggested method
Aexc (nm) 378
Aemi(nm) 475
Concentration range (ng mL™")  125-1400
Slope 0.601

SD of Slope 0.0103
Determination coefficient (r?) 0.9974
Correlation coefficient (r) 0.9986
Intercept 47.05

SD of intercept 7.90
LOD* (ng mL™) 31.29
LOQ** (ng mL™) 94.84

**LOQ: Limit of quantitation. *LOD: Limit of detection

3.3.3.3 limit of detection (LOD) and Limit of quantitation (LOQ)

LOD and LOQ of the suggested approach were obtained by calculating the
standard deviation (S.D) of ten blank solution. The obtained S.D value was

substituted in the equations supplied by the ICH Q2 (R1) guidelines. As
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mentioned in Table 3-17, The small LOD and LOQ values indicate that the
suggested approach is highly sensitive.

3.3.3.4 Accuracy

The suggested approach's accuracy has been determined by measuring the
fluorescence intensity of the AMB-2ME-OPA fluorophore using three
concentration level within the calibration graph (300, 600, 1000 ng mL!") by
performing five replications of each selected concentration. As detailed in 7able
3-18, the obtained results were analyzed to obtain percent recovery (Re%) whose

values indicate that the suggested approach is highly accurate.

Table 3-18. Accuracy data of the suggested approach

Sample Concentrations ng mL! Recovery% + SD
1 300 101.13 +£3.43

2 600 98.04 +3.20

3 1000 102.55+3.36

* Mean of five determinations

3.3.3.5 Precision

The precision of the suggested approach has been represented as inter-day
precision (Reproducibility) and intra-day precision (Repeatability). Three AMB
concentration (250, 500, and 1000 ng mL™") was selected to test the precision of
the suggested approach. Each concentration was analyzed at consecutive time
during the day to obtain repeatability and at different day to obtain reproducibility.
As illustrated in Table 3-19, the low value of relative standard deviation (R.S.D.%

less than 2) indicate that the suggested approach is highly precise.
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Table 3-19. Intra- and inter-day precisions of the suggested approach.

Concentration ng mL” Intra-day precision Inter-day precision
Recovery%* R.S.D.%  Recovery%* R.S.D.%

250 97.80 1.36 98.60 0.98

500 101.14 1.04 99.01 1.11

1000 100.85 0.67 101.92 0.91

* Mean of five determinations

3.3.3.6 Robustness

The robustness describes the stability of the analytical method under a slight
change in some experimental factors. In this work, three experimental factors
(OPA volume, pH, and 2-ME volume) was slightly changed to test the robustness
of the suggested approach. As mentioned in Table 3-20, the obtained values of
percent recovery and R.S.D.% implies that slight changes in experimental

conditions have no considerable effect on the quantification of AMB.

Table 3-20. Robustness evaluation for the suggested approach.

Experimental parameters  Recovery%* = R.S.D.%

OPA volume (mL)

1.3 08.68 + 1.37
1.5 100.48 +1.23
1.7 100.74 +0.86
Buffer pH

9.6 97.08 £ 1.05
9.8 99.81 +1.18
10 101.2 +0.86

2-ME volume (mL)

1.3 101.94 + 1.60
1.5 08.81 £1.06
1.7 99.41 £1.14

* Mean of five determinations.
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3.3.3.7 Application

3.3.3.7.1 Application in the pharmaceutical vial

The suggested approach has been successfully used for quantifying of amlodipine

in pharmaceutical Tablets. The resulted data have been compared with the result

produced from reported method using student’s t and f test at confidence level

equal to 95%%. Table 3-21 illustrate that the t and f values of the suggested

approach were less than relevant tabulated values, implying that the reported

method and the suggested approach were not statistically different.

Table 3-21. Statistical comparison of data resulted by suggested approach with those of the

reported one for determination of AMB in pharmaceutical Tablets.

Pharmaceutical Labeled contain Recovery
preparation mg/Tablet Proposed method Reported method
Amtas 5 101.2 99.2
Amlopres 5 100.8 100.2
Amlovas 5 100.4 99.8
Amlopin 5 102.5 100.5
Amdepin 5 99.6 100.3
Mean = S.D 100.9 £ 1.07 100 +0.51
Variance 1.15 0.265
t value 1.69 (2.3)*
f value 4.33 (6.38)*

*The value between bracket represent the corresponding f and t tubulated values

3.3.3.7.2 Application in the spiked human plasma

Five AMB concentration (250, 500, 750, 1000, 1250 ng mL") were successfully

determined in spiked fresh human plasma. The obtained values of recovery

percent (Re%) were mentioned in Table 3-22.
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Table 3-22. Application of the suggested approach for determination of AMB in human plasma

Added conc. (ng mL') Found conc. (ng mL™?') Recovery% “+ SD

250 256.81 102.72 +3.05
500 508.39 101.67 +£4.92
750 751.65 100.22 £ 5.11
1000 119.87 101.98 + 3.80
1250 799.40 100.14 + 4.5

*. Mean of five determinations.

3.3.4. Optimization of experimental conditions of OPA-2ME-STA

fluorophore

There are several experimental factors of the subjected approach that affect either
on the stability or on the fluorescence intensity of OPA-2ME-STA fluorophore.
These variables have been properly investigated and optimized. Each factor has

been studied independently while the other factors kept constant.
3.3.4.1 Effect of pH and buffer's volume

The pH of the reaction mixture solution significantly affects on the fluorescent
intensity of the formed fluorophore. The pH of the solution was studied in the
range of 7.5-12.0 using a 0.2 M borate buffer solution. It was found that the FI of
the formed OPA-2ME-MET fluorophore increases gradually with the respect to
solution pH until it reaches a maximum fluorescence intensity at pH = 10.5 above
which no longer increases. Otherwise, it decreased gradually owing to

background compound formation Figure 3-24.
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Figure 3-24. Effect of pH and buffer's volume on the FI of the formed fluorophore
The optimal borate buffer volume was also studied in the range (0.2-2.5 mL) at

(pH = 10.5). As showing in Figure 3-24, the maximum FI was reached at 1.0 mL

which selected as optimal buffer' volume.
3.3.4.2 Effect of OPA volume

The effect of reagent volume on the fluorescence intensity of the formed
fluorophore has been studied in the range (0.2-2.5 mL) using 0.1% w/v OPA
solution. It was noticed that the fluorescence intensity increases as the reagent
volume increase until reach a steady state region from (1.25-1.75 mL), followed
by marked decrease. As a consequence, 1.5 mL of OPA was selected optimal

reagent volume as detailed in Figure 3-25.
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Figure 3-25. Effect of OPA volume on the FI of the formed fluorophore

3.3.4.3 Effect of 2-ME volume

Because 2-ME was used as fluorophore stabilizer agent different volumes of 2-
ME 0.5 % w/v within the range (0.1-1.5 mL) were used. It was found that the
fluorescence intensity of the formed fluorophore increases gradually with the
volume of 2-ME until reach a steady state region (0.8-1.5 mL) through which the
FI remain unchanged, indicating that the formed fluorophore became stable
enough and give maximum FI. Hence, 1.0 mL of 2-ME solution was selected as

optimal volume Figure 3-26.
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Figure 3-26. Effect of 2-ME volume on the FI of the formed fluorophore

3.3.4.4 Effect of time after addition of 2-ME

It was found that the time after addition 2-ME was significantly affect on the
fluorescence intensity of the formed fluorophore, however the formation of
thiolate ion requires sufficient time to complete. As shown in Figure 3-27, five

minutes was selected as optimal time.
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Figure 3-27. Effect of time after addition of 2-ME on the FI of the formed
fluorophore. ~ 80 ~
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3.3.4.5 Effect of reaction time

Various time intervals within the range (2.0-45.0 min) were tested. It was noticed
that the FI increase with the respect to the reaction time up to 30 min, after which
the FI remains unchanged up to 90 min. Hence, allowing the reaction mixture to

stand for 35 min is sufficient to complete the reaction Figure 3-28.
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Figure 3-28. Effect of reaction time on the FI of the formed fluorophore

3.3.4.6 Diluting solvents Effect

To select the solvent that obtains the highest fluorescence intensity of the formed
fluorophore, different diluting solvents have been tested, such as acetonitrile, 1,4-
dioxan acetone, methanol, butanol, ethyl acetate, DMF, DMSO, ethanol, and
D.W. It was found that the dilution of the reaction mixture with methanol give

maximum FI.
3.3.5 Validation of method

The developed method has been validated according to International Conference

on Harmonization (ICH) guidelines.
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3.3.5.1 Construction of calibration curve (Recommended procedure)

To a set of 10 mL volumetric flasks, appropriate aliquots of the working standard
solution (10 pg mL") were accurately transferred using a micropipette to prepare
solutions with drug concentration ranging from (275-1650 ng mL™!), Then, 1 mL
of 0.2 M borate buffer solution (pH = 10.5) together with 1.0 mL of 1 %v/v 2-ME
were added for each flask and mixed well. The reaction mixture was allowed to
stand for 5 min. Thereafter, 1.0 mL of 0.1% w/v OPA was added and mixed
gently. The reaction mixture was left again for 25 min at room temperature. The
solution in each flask was diluted to the mark using methanol. The fluorescence
intensity of the resulted solutions were measured at 458 nm when excited at 335
nm. The values of the FI were plotted vs final STA concentration to obtain

calibration curve whose linear regression equation was derived simultaneously

Figure 3-29 (a) and (b).
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Figure 3-29 (a). Calibration curve of STA drug
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Figure 3-29 (b). Calibration curve of STA drug according to scan spectra

Analysis of variance (ANOVA) for calibration curve was calculated, in which the

value of Fsutisic (F=3144.27) is larger than Feignificance (F'o = 5.117), indicating there

is a non-significance difference at confidence level 95% due to the regression and

error around regression (residual), So these results are approaching to the ideal

state (linearity) as illustrated in Table 3-23.

Table 3-23. Results of ANOVA analysis for linear regression equation

Source *DF **SS FHEEMS F statistic ~ F significance

Regression 1 708229.5  708229.5  3144.274  5.117

Residual 9 2027.198  225.2442

Total 10 710256.7

Parameter Value Standard t Stat P-value Lower Upper
Error CL:95% CL:95%

Intercept -49.175 10.250 -4.797 0.000977  -72.36 -25.98

Slope 0.5658 0.0100 56.073 5.117 0.5430 0.5887

*Df=Degree of freedom,**SS=Sum of Square,***MS=Mean of Square, CL=confidence level
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3.3.5.2 Linearity and range

The linear regression equation of the analyzed data was given in the following

formula:

F=0.5658 C—-49.175

Where F represent fluorescence intensity, C represent STA concentration in ng

mL!. The linear concentration of the calibration graph ranged from 275-1650 ng

mL! of STA. The resulted data were summarized in Table 3-24.

Table 3-24. Analytical parameters of the suggested approach.

Parameter suggested method
Aexc (nm) 335
Aemi(nm) 458
Concentration range (ng mL™")  275-1650
Slope 0.5658
SD of Slope 0.010
Determination coefficient (r?) 0.9971
Correlation coefficient (r) 0.9985
Intercept -49.175
SD of intercept 10.25
LOD* (ng mL™) 58.94
LOQ** (ng mL™) 178.62

**LOQ: Limit of quantitation. *LOD: Limit of detection

3.3.5.3 limit of detection (LOD) and Limit of quantitation (LOQ)

LOD and LOQ of the suggested approach were obtained by calculating the
standard deviation (S.D) of ten blank solution. The obtained S.D value was

substituted in the equations supplied by the ICH Q2 (R1) guidelines. As
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mentioned in Table 3-24, The small LOD and LOQ values indicate that the
suggested approach is highly sensitive.

3.3.5.4 Accuracy

The suggested approach's accuracy has been determined by measuring the
fluorescence intensity of the STA-2ME-OPA fluorophore wusing three
concentration level within the calibration graph (500, 1000, 1500 ng mL™) by
performing five replications of each selected concentration. As detailed in 7able
3-25, the obtained results were analyzed to obtain percent recovery (Re%) whose

values indicate that the suggested approach is highly accurate.

Table 3-25. Accuracy data of the suggested approach

Sample Concentrations ng mL! Recovery% + SD
1 500 102.20 £ 3.16

2 1000 101.39 + 3.64

3 1500 99.14 + 3.84

* Mean of five determinations

3.3.5.5 Precision

The precision of the suggested approach has been represented as inter-day
precision (Reproducibility) and intra-day precision (Repeatability). Three STA
concentration (500, 1000, and 1500 ng mL") was selected to test the precision of
the suggested approach. Each concentration was analyzed at consecutive time
during the day to obtain repeatability and at different day to obtain reproducibility.
As illustrated in Table 3-26, the low value of relative standard deviation (R.S.D.%

less than 2) indicate that the suggested approach is highly precise.
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Table 3-26. Intra- and inter-day precisions of the suggested approach.

Concentration ng mL” Intra-day precision Inter-day precision

Recovery%* R.S.D.%  Recovery%* R.S.D.%

500 101.56 1.20 99.16 1.16
1000 101.03 0.76 98.95 0.56
1500 100.85 0.67 98.38 0.44

* Mean of five determinations

3.3.5.6 Robustness

The robustness describes the stability of the analytical method under a slight
change in some experimental factors. In this work, three experimental factors
(OPA volume, pH, and 2-ME volume) was slightly changed to test the robustness
of the suggested approach. As mentioned in 7Table 3-27, the obtained values of
percent recovery and R.S.D.% implies that slight changes in experimental

conditions have no considerable effect on the quantification of STA.

Table 3-27. Robustness evaluation for the suggested approach.

Experimental parameters  Recovery%* = R.S.D.%

OPA volume (mL)

0.9 98.35+0.63
1.0 101.07 £0.93
1.1 102.34 +0.55
Buffer pH

10.3 101.60 +0.74
10.5 102.73 £0.61
10.7 97.96 + 0.60
2-ME volume (mL)

0.9 101.35+0.75
1.0 101.56 = 0.69
1.1 99.16 £ 0.69

* Mean of five determinations.
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3.3.5.7 Application
3.3.5.7.1 Application in the pharmaceutical vial

The suggested approach has been successfully used for quantifying of STA in
pharmaceutical tablets. The resulted data have been compared with the result
produced from reported and official methods using student’s t and f test at
confidence level equal to 95%?*V. Table 3-28, illustrate that the t and f values of
the suggested approach were less than relevant tabulated values, implying that the
reported or official method and the suggested approach were not statistically

different.

Table 3-28. Statistical comparison of data resulted by suggested approach with those of the

reported and official method for determination of STA in pharmaceutical tablets.

Parameter Proposed method  Reported Official method
method
Recovery% 100.7 100.19 100.5
S.D 1.25 1.02 1.39
Variance 1.57 1.05 1.93
Observation (n) 5 5 5
tteSt t critical — 2.3 (p: 0.7 0.2
0.05)
f test f critical = 6.39 (p= 1.49 0.81
0.05)

3.3.5.7.2 Application in the spiked human plasma

Five STA concentration (300, 500, 750, 1000, 1500 ng mL") were successfully
determined in spiked fresh human plasma. The obtained values of recovery

percent (Re%) were mentioned in 7Table 3-29.
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Table 3-29. Application of the suggested approach for determination of STA in human plasma

Added conc. (ng mL') Found conc. (ng mL™?') Recovery% “+ SD

300 301.42 100.47 +2.07
500 506.76 101.42 £2.38
750 758.74 101.16 £ 3.11
1000 1012.15 101.23 +3.84
1500 1509.41 100.62 + 4.94

*. Mean of five determinations.

3.4. Determination of metformin hydrochloride using 3,6-Dibromo-

9,10-phenanthrenequinone as fluorogenic derivatization reagent.

3.4.1 Assigning the fluorescence spectrum of PQ-2Br-MET

fluorophore

The literature survey of analytical fluorogenic derivatization reagent exhibits that
mono and bi-guanide-containing compounds undergoes condensation reaction
with 9,10-phenanthrenequinone or its derivatives like PQ-2Br to produce
fluorescent product®? Figure 3-30. This reaction was utilized for quantification
of metformin hydrochloride in spiked human plasma and Diabetic COVID-19
patients administered metformin medication. Figure 3-31, illustrate the
fluorescence spectrum of PQ-2Br-MET fluorophores using drugs concentration
500 ng mL!. The formed fluorophores exhibit excitation wavelength at 253 nm

with emission wavelengths 420 nm.

Br.
Br
O o H,N O H
‘ + >=N cH; 1-NaOH, 2-HCl1

/ > >—N CHs

o) HoN }‘N Acetonitrile /

\ N >—N
HN CHs O H \

MET Br

Br
PQ-2Br Fluorescent product

Figure 3-30. The suggested pathway of reaction between MET and PQ-2Br
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Figure 3-31. Excitation and emission spectra of PQ-2Br- MET product using optimal
experimental condition

3.4.2 Optimization of experimental conditions of PQ-2Br-MET fluorophore

The experimental parameters of the suggested method that affect the stability and
FI of the PQ-2Br-MET fluorophore were carefully estimated and optimized. Each
parameter was investigated individually while the other parameters remained

unchanged.
3.4.2.1 Effect of diluting solvent

The FI of the formed fluorophore was monitored after using different solvents to
dilute the reaction product. It was found that the reaction is relatively more likely
to occur in acetonitrile. As a result, acetonitrile was selected as the solvent of

choice as illustrated in Figure 3-32
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Figure 3-32 Effect of diluting solvents on the FI of PQ-2Br-MET fluorophore

3.4.2.2 Effect of reagent volume

Different volumes of 15 ug mL-! PQ-2Br within the range (0.1-2.0 mL) were used
and, as observed in Figure 3-33, the fluorescence intensity increased with respect
to the reagent volume until reaching a steady state region (0.6-1.0 mL) and there
was no further increase in fluorescence intensity. As a result, 0.80 mL of reagent

solution was used for subsequent experiments.
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Figure 3-33. Effect of reagent volume on the FI of PQ-2Br-MET fluorophore
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3.4.2.3 Effect of NaOH volume

The reaction of PQ-2Br reagent with guanidine-containing compounds are
performed in alkalified solution. In fact, the nucleophilicity of amino groups of
guanidine moiety increase in alkaline media. For this reason, different volume
within the range of (0.25-2.5 mL) of 0.2 M sodium hydroxide were used. A
maximum fluorescence intensity was attained at 1.25 mL, so this volume was
selected as optimal NaOH volume as detailed in Figure 3-34.

HCI volume/mL
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Figure 3-34. Effect of NaOH and HCI volumes on the FI of PQ-2Br-MET fluorophore.

3.4.2.4 Effect of HCI volume

It was reported that the reaction of guanide-containing compounds with PQ
reagent was carried out in alkaline media to produce fluorescent or non-
fluorescent compounds. In the case of the monoguanide substituted compound, a
non-fluorescent product was formed. However, acidification of the reaction
product solution leads to acid hydrolysis of the formed product into a fluorescent
metabolite. On the other hand, diguanide substituted compounds produce

fluorescent products in alkaline media and become more stable in acidic media®**
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240 This fact facilitates the quantification of biguanide compounds in a mixture
of them in alkaline media. Because the basic media of NaOH require equimolar
of HCI to neutralize i.e. 10 mg (0.25 mmole) or (1.25 mL of 0.2 M) of NaOH
require 0.25 mmole (1.25 mL of 0.2 M) of HCI to be neutralized, several volume
of 0.2 M HCI covering the range (0.2-3.0 mL) were used. Monitoring the FI of
the formed fluorophore indicated that the FI was higher than its value in a neutral
and acidic medium as illustrated in Figure 3-34, so 1.5 mL was selected as the

optimal HCI volume.
3.4.2.5 Effect of temperature & reaction time

The optimal temperature necessary to obtain maximum FI of the formed
fluorophore was found to be in the range of (30-40) °C. Out of this range, the FI
decreased gradually. As a result, 35 °C was selected as the temperature of choice.
The sufficient time interval required to complete the reaction was also studied in
the range of (2.0-20 min). Figure 3-35, illustrates that 15 min is the optimal time
to complete the reaction.
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Figure 3-35. Effect of reaction time on the FI of PQ-2Br-MET fluorophore.
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3.4.3 Validation of method

The developed method has been validated according to International Conference

on Harmonization (ICH) guidelines.
3.4.3.1 Construction of calibration curve (Recommended procedure)

To a series of 10 mL volumetric flasks, appropriate aliquots of the working
standard solution (10 ug mL™) were accurately transferred using a micropipette
to prepare solutions with drug concentration ranging from (70-1300 ng mL™),
Then, 1.25 mL of 0.2 M methanolic NaOH together with 0.75 mL of 20 pg mL"!
PQ-2Br reagent were added to each flask and mixed well. The reaction mixture
was allowed to stand for 15 min in thermostatically water bath at 35 °C.
Thereafter, 1.5 mL of 0.2 M HCI was added and mixed gently. The solution in
each flask was diluted to the mark using acetonitrile. The fluorescence intensity
of the resulted solutions were measured at 420 nm when excited at 253 nm. The
values of the FI were plotted vs final MET concentration to obtain calibration

curve whose linear regression equation was derived simultaneously Figure 3-36

(a) and (b).
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Figure 3-36(a). Calibration curve of MET drug



Chapter Three Results & Discussion

700

—1300

600

500

400

300

Fluorescence intensity

200

100

0 I T T T T T T T 1
270 320 370 420 470 520 570 620 670 720

Wavelength (nm)

Figure 3-36(b). Calibration curve of MET drug according to scan spectra.

Analysis of variance (ANOVA) for calibration curve was calculated, in which the
value of Fuiistic (F=3846.04) is larger than Fiignificance (F's = 5.318), indicating there
1s a non-significance difference at confidence level 95% due to the regression and
error around regression (residual), So these results are approaching to the ideal

state (linearity) as illustrated in Table 3-30.

Table 3-30. Results of ANOVA analysis for linear regression equation

Source *DF **SS *EXMS F statistic ~ F significance

Regression 1 386634.17  386634.17  3846.04 5.318

Residual 8 804.22 100.52

Total 9 387438.4

Parameter Value Standard t Stat P-value Lower Upper
Error CL:95% CL:95%

Intercept 20.6869 5.60859 3.688 0.0061440  7.753 33.620

Slope 0.4650 0.00749 62.016 5.318 0.447 0.482

*Df=Degree of freedom, **SS=Sum of Square, ***MS=Mean of Square, CL=confidence level
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3.4.3.2 Linearity and range

The linear regression equation of the analyzed data was given in the following

formula:
F=0.465 C +20.687

Where F represent fluorescence intensity, C represent MET concentration in ng
mL!. The linear concentration of the calibration graph ranged from 70-1300 ng

mL! of MET. The resulted data were summarized in Table 3-31.

Table 3-31. Analytical parameters of the suggested approach.

Parameter suggested method
Aexc (nm) 253
Aemi(nm) 420
Concentration range (ng mL!) ~ 70-1300
Slope 0.465
SD of Slope 0.0075
Determination coefficient (r?) 0.9979
Correlation coefficient (r) 0.9989
Intercept 20.687
SD of intercept 5.60
LOD* (ng mL™) 19.5
LOQ** (ng mL™) 59.11

**LOQ: Limit of quantitation. *LOD: Limit of detection

3.4.3.3 limit of detection (LOD) and Limit of quantitation (LOQ)

LOD and LOQ of the suggested approach were obtained by calculating the
standard deviation (S.D) of ten blank solution. The obtained S.D value was

substituted in the equations supplied by the ICH Q2 (R1) guidelines. As
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mentioned in Table 3-31, The small LOD and LOQ values indicate that the
suggested approach is highly sensitive.

3.4.3.4 Accuracy

The suggested approach's accuracy has been determined by measuring the
fluorescence intensity of the MET-PQ-2Br fluorophore using three concentration
level within the calibration graph (250, 500, 1000 ng mL") by performing five
replications of each selected concentration. As detailed in Table 3-32, the obtained
results were analyzed to obtain percent recovery (Re%) whose values indicate that

the suggested approach is highly accurate.

Table 3-32. Accuracy data of the suggested approach

Sample Concentrations ng mL! Recovery% + SD
1 250 101.77 £2.23

2 500 99.66 + 3.04

3 1000 102.39 +3.70

* Mean of five determinations

3.4.3.5 Precision

The precision of the suggested approach has been represented as inter-day
precision (Reproducibility) and intra-day precision (Repeatability). Three AMB
concentration (100, 500, and 1000 ng mL™") was selected to test the precision of
the suggested approach. Each concentration was analyzed at consecutive time
during the day to obtain repeatability and at different day to obtain reproducibility.
As illustrated in Table 3-33, the low value of relative standard deviation (R.S.D.%

less than 2) indicate that the suggested approach is highly precise.
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Table 3-33. Intra- and inter-day precisions of the suggested approach.

Concentration ng mL” Intra-day precision Inter-day precision

Recovery%* R.S.D.%  Recovery%* R.S.D.%

100 103.03 1.66 102.17 1.91
500 100.43 0.75 101.46 0.59
1000 102.69 0.62 103.07 0.67

* Mean of five determinations

3.4.3.6 Robustness

The robustness describes the stability of the analytical method under a slight
change in some experimental factors. In this work, three experimental factors
(NaOH volume, PQ-2Br volume, and reaction time) was slightly changed to test
the robustness of the suggested approach. As mentioned in Table 3-34, the
obtained values of Re% and R.S.D.% implies that slight changes in experimental

conditions have no considerable effect on the quantification of MET.

Table 3-34. Robustness evaluation for the suggested approach.

Experimental parameters  Recovery%* = R.S.D.%

NaOH volume (mL)

1.3 99.58 + 0.42
1.5 100.84 +0.81
1.7 100.41 +0.83
PQ-2Br volume (mL)

0.6 102.85+0.54
0.8 101.93 +£0.51
1.0 101.65 +0.89

Reaction time (min)

13 101.19 £ 0.77
15 100.67 + 0.83
17 99.64 + 0.40

* Mean of five determinations.
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3.4.3.7 Application in the spiked human plasma

Five MET concentration (200, 400, 600, 800, 1000 ng mL"!") were successfully
determined in spiked fresh human plasma. The obtained values of recovery

percent (Re%) were mentioned in Table 3-35.

Table 3-35. Application of the suggested approach for determination of MET in human plasma

Added conc. (ng mL™") Found conc. (ng mL™?') Recovery% ‘= SD

200 205.40 102.70 £ 1.92
400 411.85 102.85 +2.23
600 613.57 102.26 £ 1.58
800 815.72 101.96 +3.39
1000 1031.64 103.16 +3.91

*. Mean of five determinations.
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3.5 Clinical study

The current study is divided into two parts: the first one aims to evaluate the
biomarkers like (D-dimer, LDH, GPT, and TG) in positive COVID-19 patients
compared to healthy individuals. The second aims to investigate and evaluate the
effect of remdesivir as a first-line antiviral drug on the patients with both positive
COVID-19 and type 2 diabetic mellitus and those with only positive COVID-19
infection using biomarkers like (plasma metformin, D-dimer, LDH, GPT, and

TG).
3.5.1 Inclusion and exclusion criteria

Only participants over the age of 20 years with confirmed SARS-CoA-2 infection
were included in this study. However, patients with severe liver and kidney
problems were excluded from this study, whether or not they had confirmed
COVID-19 infection. Moreover, Patients having pneumonia on radiographic
imaging with oxygen saturation (SpO2 < 90%) needing external oxygen support,
were also excluded as they have severe COVID-19 infection. Liver and kidney
functions tests were routinely monitored as precautionary laboratory examination

for hospitalized patients with confirmed COVID-19 infection.
3.5.2 Statistical Analysis

The obtained data was statistically analyzed using the "Statistical Package for
Social Sciences" (SPSS) software (version 26.0). The obtained data was presented
as (Means = SD). Analysis of variance (one way- ANOVA) was used to make a
statistical comparison either within patient groups or with the control group by
testing the significance level of differences in means between more than two
groups. A probability (P) value less than 0.05 is considered statistically

significant.
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3.5.3 Characteristics of both Control and Patients Groups

The current study was conducted on three groups: (1) Patients with both positive
COVID-19 and type 2 diabetic mellitus treated with remdesivir drug, (2) patients
with positive COVID-19 without diabetic mellitus treated with remdesivir drug,
(3) healthy individuals group (control). Despite the laboratory tests such as a
throat swab used to detect COVID-19 infection, suspected COVID-19 infection
was confirmed by radiographic imaging using computed tomography (CT scan),
which is considered an effective and diagnostic tool providing accurate, fast,
noninvasive, and painless scanning, enabling the detection of tiny nodules inside
the lungs. Table 3-36 illustrate the information of all patients and control groups

required for the present study.

Table 3-36 The initial information for all patients and control group of the current study

Parameters Ref. value Diabetic-Covid- Non-Diabetic Control
19 patients Covid-19 patients Mean +
Mean + SD Mean + SD SD
N=136 N=30 N=30

Age (years) = --—---- 43 - 66 35-59 24 -61

BMI (kg/m?) 18.5-24.9 28 +5.63 27 + 6.88 26+ 6.24

D-dimer (ng/mL) <500 4293+ 2140 4438 + 2064 387 %

162

LDH (u/l) > 250 564 + 229 461 + 202 176 + 31

GPT IU/L <40 47 £26 51+25 36 £9

s. TG mg/dL <150 175+25.9 168 + 30 153 +26

Plasma metformin ----------- 933131 - e

ng/mL
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3.5.4. Biochemical Studies

The levels of biomarkers (D-dimer, LDH, GPT, TG, and Plasma metformin) were
determined in COVID-19 patients before and after remdesivir administration and
in the control group. The obtained data were analyzed with "Fisher's Least
Significant Difference (LSD)," a type of post hoc test that compares multiple

groups.
3.5.4.1. Results of D-dimer in COVID-19 Patients and Control Subjects

D-dimer was measured in 30 COVID-19 patients before and after remdesivir
administration and in 30 control healthy group. As illustrated in Table 3-37, the
D-dimer levels of patients groups (GP1 and GP2) were compared either with each

other or with the control group.

Table 3-37 Statistical analysis of obtained data of D-dimer levels in patients and control groups

Groups N Mean + SD CL 95% Compared groups P value
Lower Upper

GP1 30 4438 £2064 3667 5209 GP1 GP2 <0.001

GC <0.001

GP2 30 1685+1120 1267 2103 GP2 GC <0.001

GC 30 387+162 326 447

GP1: Patients group before remdesivir administration. GP2: Patients group after remdesivir

administration. GC: Control group.

COVID-19 Patients group had high D-dimer levels, whether they were before or

after drug administration as compared to control group (GP1: 4438 + 2064, GP2:
1685 + 1120).

When any damage occurs in the blood vessel wall, the coagulation cascade
proteins will be activated and the coagulation process will begin. As the
coagulation process proceeds, the soluble blood protein fibrinogen is converted to
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fibrin, which then aggregates into cross-linked fibrin, leading to the formation of
an insoluble gel and then forming a blood clot. On the other hand, a reverse
process called fibrinolysis will occur in which the blood clot is degraded to a fibrin
degradation product. One of the most clinical products of this process is called D-
dimer, which is present in the blood after fibrinolysis and is comprised of two
fibrin protein fragments joined by a cross-link, forming a protein dimer. D-dimer
levels are utilized as a predictive biomarker for the blood disorder, in coagulation
disorders associated with COVID-19, and disseminated intravascular
coagulation®¥-22)_ A systematic analysis published in August 2020 found that
COVID-19 patients presenting with high D-dimer values were at increased risk
of severe disease and mortality®>* 2%, Patients with acute COVID-19 typically
appeared D-dimer increase, either as a result of the acute lung injury itself or as a

result of the common thromboembolic complications associated with COVID-
19359,

In addition to thrombosis and pulmonary embolism, D-dimer might be a
manifestation of severe virus infection. A virus infection may develop into sepsis
and induce coagulation dysfunction, which was common in serious disease
progression. Moreover, the increase of D-dimer may be an indirect manifestation
of inflammatory reaction, as inflammatory cytokines could cause the imbalance
of coagulation and fibrinolysis in the alveoli, which may activate the fibrinolysis
system, and then increase the level of D-dimer>*% 27, And D-dimer greater than
1 png/ml was found a risk factor of poor prognosis for patients with COVID-193¥),
The most common reason cited in the literature for the elevation of D-dimer
includes viremia and the cytokine storm syndrome, in which the rise in pro-
inflammatory cytokines (IL-2, IL-6, IL-8, IL-17, TNF-0) are inadequately
controlled by the anti-inflammatory factors which overwhelm the coagulation
cascade. Hypoxia itself leads to activation of hypoxia-inducible transcription

factor-dependent signaling pathway, predisposing to thrombosis. The disease
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most commonly affects elderly and comorbid patients. Advancing age and
common comorbidities such as hypertension, diabetes mellitus, and

cardiovascular diseases can predispose the patients to thrombosis?>%269,
3.5.4.2. Results of LDH in COVID-19 Patients and Control Subjects

LDH was measured in 30 COVID-19 patients before and after remdesivir
administration and in 30 control healthy group. As shown in Table 3-38, the LDH
levels of patients groups (GP1 and GP2) were compared either with each other or

with the control group.

Table 3-38 Statistical analysis of obtained data of LDH levels in patients and control groups

Groups N Mean £+ SD CL 95% Compared groups P value
Lower Upper
GP1 30 461 +202 385 537 GP1 GP2 <0.001
GC <0.001
GP2 30 256+96 220 292 GP2 GC 0.02

GC 30 176 £31 164 188

GP1: Patients group before remdesivir administration. GP2: Patients group after remdesivir

administration. GC: Control group.

COVID-19 Patients group had high LDH levels, whether they were before or after
drug administration as compared to control group (GP1: 461 £+ 202, GP2: 256 +
96).

Lactate dehydrogenase (LDH) is an enzyme that is present in almost all living
cells. under oxygen-insufficient conditions, LDH catalyzes the reversible reaction
that convert the final product of glycolysis, pyruvate, to lactate and back, just as
it catalyzes the conversion of NAD" to NADH and back. Breakdown of tissues
release LDH, and therefore, increase LDH levels in the damaged tissues. Such a

damage occur in red blood cell causes a hemolysis which detected by using LDH
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levels therefore it can be used as indicative biomarker for hemolysis. Despite the
fact that LDH was utilized as a biomarker of cardiac damage since the 1960s, A
variety of organ damage, reduced oxygenation, and activation of the glycolytic
pathway also result in abnormal LDH levels®®!-263)_ Severe infections can result
in a damage to cytokine-mediated tissue which causes to release of LDH. Because
LDH is found in lung tissue, people with severe COVID-19 infections can be
expected to release greater amounts of LDH in the circulation, as a severe form
of interstitial pneumonia, that frequently progresses to acute respiratory distress
syndrome. LDH levels are also increase in thrombotic microangiopathy, which is
linked to myocardial damage and renal failure. For this reason, there was a
necessity to show the relation between LDH levels and severity of Covid-19
pneumonia. In the current study, LDH level was utilized as a biomarker for
evaluating clinical severity and monitoring treatment response in COVID-19
pneumonia. It was found that decrease or increase of serum LDH level was

effective tool for indicative of radiographic progress or improvement (264-267),
3.5.4.3. Results of GPT in COVID-19 Patients and Control Subjects

Alanine Aminotransferase (ALT) (GPT) was measured in 30 COVID-19 patients
before and after remdesivir administration and in 30 control healthy group. As
shown in Table 3-39, the GPT levels of patients groups (GP1 and GP2) were
compared either with each other or with the control group. COVID-19 Patients
group had high GPT levels, whether they were before or after drug administration
as compared to control group (GP1: 51 £ 25, GP2: 64 + 24).

Table 3-39 Statistical analysis of obtained data of GPT levels in patients and control groups

Groups N Mean + SD CL 95% Compared groups P value
Lower Upper
GP1 30 51+25 42 60 GP1 GP2 0.021
GC 0.007
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GP2 30 64+24 54 73 GP2 GC <0.001
GC 30 36=+9 33 40

GP1: Patients group before remdesivir administration. GP2: Patients group after remdesivir

administration. GC: Control group.
3.5.4.5. Results of s.TG in COVID-19 Patients and Control Subjects

Serum triglyceride (s.TG) was measured in 30 COVID-19 patients before and
after remdesivir administration and in 30 control healthy group. As shown in
Table 3-40, the TG levels of patients groups (GP1 and GP2) were compared either

with each other or with the control group.

Table 3-40 Statistical analysis of obtained data of TG levels in patients and control groups

Groups N Mean + SD CL 95% Compared groups P value
Lower Upper

GP1 30 168+30 157 180 GP1 GP2 <0.047

GC <0.039

GP2 30 183 +27 173 193 GP2 GC <0.001

GC 30 153+£26 143 163

GP1: Patients group before remdesivir administration. GP2: Patients group after remdesivir

administration. GC: Control group.

COVID-19 Patients group had high TG levels, whether they were before or after
drug administration as compared to control group (GP1: 168 + 30, GP2: 183 +
27).

3.5.4.6. Results of biomarkers levels of Diabetic-COVID-19

Patients and Control Subjects

The levels of different biomarkers such as (D-dimer, LDH, GPT, TG, and plasma
metformin) were measured in 36 COVID19-Diabetic patients before and after

remdesivir administration. Table 3-41, illustrates the levels of these markers in
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patients groups before and after remdesivir administration (GP1 and GP2) with a
comparison of these groups either with each other or with the control group. As
observed in the COVID-19 patients, the COVID19-Diabetic patients have also
high levels of D-dimer and LDH before remdesivir administration. After
remdesivir administration, the levels of D-dimer and LDH were decreased
significantly. On the other hand, the levels of GPT, TG, and plasma metformin

were increased significantly.

A study carried out on 193 COVID-19 patients, diabetic individuals (48 patients)
had higher D-dimer levels than non-diabetic ones®®®. In last study of 28 COVID-
19 patients with underlying diabetes, the level of D-dimer in patients admitted to

the ICU was significantly different from that of the non-ICU patients (Table
7)269),
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Table 3-41 Statistical analysis of obtained data of biomarkers levels in Diabetic-COVID-19

patients and control groups

Biomarker Groups N Mean + SD CL 95% Compared P
groups value
Lower Upper
GP1 36 4293 +2140 3563 5024 GP1 GP2 0.002
2 GC  <0.001
7 GP2 36 3043 +£1785 2439 3647 GP2 GC <0.001
> GC 30 387+162 326 447
GP1 36 564+229 486 641 GP1 GP2 <0.001
as GC <0.001
5 GP2 36 377164 321 432 GP2 GC <0.001
GC 30 176 £31 164 188
GP1 36 47+26 38 56 GP1 GP2 0.008
—~ GC 0.06
55 GP2 36 61 +25 52 70 GP2 GC <0.001
GC 30 36+9 33 40
GP1 36 175+25 166 183 GP1 GP2 <0.001
- GC <0.001
= GP2 36 196 +24 187 204  GP2 GC <0.001
GC 30 153+£26 143 163
k= GP1 10 993 £131 -- -- GP1  GP2 0.003
:
g GP2 10 1206 +168 -- --

GP1: Patients group before remdesivir administration. GP2: Patients group after remdesivir

administration. GC: Control group.
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3.5.5. Analysis of variance (ANOVA)

Tables 3-42 and 3-43, illustrate the analysis of variance (ANOVA) for the
obtained data of biomarkers levels for COVID-19 and Diabetic-COVID-19

patients respectively.

Table 3-42, Analysis of variance (ANOVA) for the obtained data of biomarkers levels for
COVID-19 patients

Sum of Squares df Mean Square F Sig.

D-dimer  Between 256838917 2 128419458 69.483 <0.001

Groups
‘Within 160794679 87 1848214
Groups
‘Total 417633597 89
LDH Between 1296903 2 648451 37.830 <0.001
Groups
Within 1491269 87 17141
Groups
‘Total 2788172 89
GPT Between 11449 2 5724 12.973 <0.001
Groups
Within 38391 87 441
Groups
Total 49840 89
TG Between 13622 2 6811 8.459  <0.001
Groups
“Within 70050 87 805
Groups
Total 83672 89
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Table 3-43, Analysis of variance (ANOVA) for the obtained data of biomarkers levels for
Diabetic COVID-19 patients

Sum of Squares df  Mean Square F Sig.

D-dimer Between 256160741 2 128080370  46.017 <0.001

Groups
‘Within 275548850 99 2783321
Groups
‘Total 531709592 101
LDH Between 2459269 2 1229634 43.105 <0.001
Groups
Within 2824134 99 28526
Groups
‘Total 5283404 101
GPT Between 10406 2 5203 10.280 <0.001
Groups
Within 50111 99 506
Groups
‘Total 60518 101
TG Between 29957 2 14978 22.590 <0.001
Groups
Within 65643 99 663
Groups
Total 95600 101

GP1: Patients group before remdesivir administration. GP2: Patients group after remdesivir

administration. GC: Control group.
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3.5.6. Comparison of results between COVID-19 and diabetic-COVID-19

patients

Table 3-44, explain the comparison of result between non-diabetic COVID-19
and diabetics-COVID-19 patients in the term of recovery time period and

biomarkers levels.

Table 3-44 Comparison of biomarkers results between diabetic and non-diabetic COVID-19

patients

Biomarker =~ Non-diabetic COVID-19 Diabetics COVID-19 patients
patients (Mean + SD) (Mean + SD)
Before T.R*  After T.R Before T R After T.R
D-dimer 4438 £2064 1685+ 1120 4293 £2140 3043 +1785

LDH 461 + 202 256 £ 96 564 + 229 377 + 164
GPT 51+25 64 + 24 47 £26 61 £25
TG 168 £ 30 183 +£27 175 +25 196 + 24
metformin - -—-- 993 + 131 1206 + 168
Recovery 8 — 11 days 14 — 17 days

time period

2 Treatment with remdesivir

According to the results, non-diabetic patients treated with remdesivir showed a
faster recovery, than those placed in the diabetic category having COVID-19
complication. The results of biomarkers that were measured during lab
examination depicted that remdesivir showed therapeutic effectiveness in both
diabetic and non-diabetic COVID-19 patients. Furthermore, the effectiveness of
remdesivir was not associated with complications of diabetes mellitus. However,
the recovery rate was slow in diabetic patients as compared to non-diabetic
patients. The clinical range of COVID-19 is wide, going from gentle flu like

manifestations to intense respiratory conditions, organ dysfunctioning, and
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demise. Constant irritation, expanded coagulation action, compromised
immunity, and direct pancreatic harm brought about by SARS-CoV-2 are on the
whole potential components underlying the diabetes-COVID-19 affiliation. The
concurrence of two worldwide pandemics such as COVID-19 and diabetes
mellitus have major threatful clinical outcomes and ramifications for bleakness
and mortality®’?. It is basic for clinicians to focus and draw their concentration
on people suffering from diabetes mellitus accompanying Covid-19 infection to
increase the understanding about the metabolic factors related to disease severity,
and to remain acknowledged about disease progression, and potential Covid-19
medication therapies. Finally, and most importantly, we accentuate the
significance of ideal inoculations for people with diabetes mellitus where the end
goal leads towards Covid-19 vaccination which is the topmost priority in order to
jeopardize the chances of viral infection®’!). Patients with diabetes mellitus are
more susceptible to COVID-19 infection, resulting an intense respiratory
condition. The coronavirus can increase the chances of hyperglycemia in
individuals infected with this infection. The coronavirus can increase the risk of
hyperglycemia in diabetic individuals®’?. The hyperglycemia, in association with
other harmful factors, may change immunological and provocative reactions,
leading towards lethal outcomes®’®. During treatment with remdesivir a specialist
or attendant should intently do your screening. During the administration of
remdesivir the individual patients have to tell the physician or medical caretaker
about any adverse reaction that he may experience, including chills or shuddering,
sickness, spewing, exorbitant perspiring, difficulty in standing, rash, wheezing or
difficulty in breathing, abnormal heartbeat, inflammation or expanding of the
face, throat, tongue, lips, or eyes. If any of these effects persist, your physician

should diminish or cease your treatment®’#,
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(4.1) Conclusions and Future Prospects

(4.1.1) Conclusions

1-

The prescribed spectrofluorometric methods provide a simple, rapid and
precise methods for the estimation of drugs in their pharmaceutical dosage
form and spiked fresh human plasma without interferences from plasma
matrix or common excipients.

The developed methods showed promising selectivity, sensitivity, good
linear ranges, excellent quantitative recoveries, and low detection limits
with (R.S.D%) were less than 2 % for reproducibility and repeatability
analysis.

Unlike chromatographic methods, which require costly hazardous
solvents and sample pretreatment, these procedures are simple and low
cost, allowing them to be used in routine analysis of studied drugs in the
quality control and clinical laboratories.

The results for assaying the D-dimer and LDH levels in COVID-19
patients indicate that these biomarkers can be used as effective tools to
diagnosis COVID-19 infection.

Remdesivir drug improve the levels of D-dimer and LDH in both Diabetic
and non-Diabetic-COVID-19 patients with the increase in the levels of
GPT, TG, and plasma metformin.
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(4.1.2) Future Prospects

1. Synchronous fluorescence spectrofluorimetric method for the simultaneous
determination of the previous studied drugs in its dosage form and fresh
human plasma.

2. Fabricate a new microchip with fluorescence sensor for each drug (Lab on
Chip) for detection of the studied drug in real sample.

3. Developing cloud point extraction technique for preconcentration of the

studied drug in trace level-containing solution
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A highly selective and sensitive spectrofluorometric method for
quantification of meropenem in its dosage form and fresh human
plasma
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Abstract: The present study aims to develop and validate a robust, fast, simple, and sensitive spectrofluorimetric
approach for the estimation of meropenem (MRP) in its dosage form and fresh human plasma. The developed
method is mainly depending on a nucleophilic substitution reaction of MRP with 4-Nitro-7-chlorobenzofurazan
(NBD-CI) in alkaline media (pH 9.0), which results in a strongly fluorescent yellow adduct measured at 536 nm
when excited at 471 nm. The variables that influence the stability and development of reaction product were
thoroughly investigated and optimized. Calibration curve is rectilinear within the concentration range of 25-650
ng/mL of MRP with a linear correlation coefficient (r =0.9981). Detection and quantification limits were estimated
to be 9.55 ng/mL and 3.15 ng/mL respectively. The presented approach was successfully used to the analysis of
commercial meropenem vials and meropenem-containing fresh human plasma with good results.

Keywords: NBD-CI; meropenem; human plasma; spectrofluorimetry. © 2022 ACG Publications. All rights
reserved.

1. Introduction

Meropenem is an intravenous beta-lactam antibacterial with an ultra-broad spectrum of activity
against both gram-positive and gram-negative bacteria Figure S1 [1-4]. Meropenem reveals good stability
toward P-lactamases and is used as a last-resort antibiotic, particularly in intensive care units, to treat
intra-abdominal infection, peritonitis, bacterial meningitis, febrile neutropenia, gynaecological,
pneumonia, anthrax, and sepsis. Meropenem is a new antibiotic from the carbapenem family of
antibacterial that has a truly extended spectrum when used alone [5-8]. Meropenem can be used to treat
various infections that are caused by multiple drug-resistant organisms, as well as infections due to mixed
aerobic and anaerobic organisms [9]. Meropenem, like other beta-lactam antibiotics, penetrates the cell
wall of bacteria and inhibits the enzymes known as penicillin-binding proteins (PBPs), which catalyze the
cross-linking of glycopeptides that form the bacterial cell wall. Consequently, preventing cell wall
synthesis [10]. Despite having a similar structure to imipenem, meropenem has some advantages over it,
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Spectrofluorometric quantification of Clozapine in pharmaceutical
formulations and human plasma
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Abstract: Herein, we present a simple, precise, accurate, and ultra-sensitive spectrofluorimetric method for

estimation of clozapine (CLZ) in tablets and human plasma was developed and then validated. A highly

fluorescent brown-yellowish fluorophore was formed (A,=469 nm, A, =540 nm) as a nucleophilic substitution

reaction occurred between CLZ and 4-chloro-7-nitro-2,1,3-benzoxadiazole (NBD-Cl) in alkaline mcllavine buffer

(pH 9.0). Optimum values of experimental parameters were carefully determined and optimized. The calibration

curve was rectilinear over the concentration range of 80-900 ng mL™" with a linear correlation coefficient (r
=0.9984). The LOD and LOQ were determined to be 14 ng mL™" and 42 ng mL"", respectively. The proposed
approach has been used successfully to quantification of Clozapine in its commercial formulations and human

plasma.

Key words: clozapine, NBD-CI, spectrofluorimetric, human plasma

1. Introduction

Clozapine [3-chloro-6-(4-methylpiperazin-1-yl)-11H
benzo[b][1,4]benzodiazepine], a member of the
dibenzodiazepine derivatives Fig. 1, is considered a
second-generation anti-psychotic commonly used in
the treatment of both negative and positive symptoms
of schizophrenic patients'*. CLZ is regarded as an
effective choice for patients who suffer from resistance
or are unresponsive to conventional neuroleptic
medications like haloperidol.*> Clozapine is metabo-
lized by liver through microsomal oxidative cytochrome
to the relatively inactive metabolites clozapine-N-

% Corresponding author
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E-mail : ali.fahim@mustagbal-college.edu.iq

oxide and N-Desmethylclozapine.® Despite its excellent
effectiveness, clozapine's usage is severely limited
due to the incidence of drug-induced agranulocytosis
in 1-2 % of patients.”! This effect is attributed to the
toxicity of one of the clozapine's metabolites, N-
desmethylclozapine, that appears to be more harmful
to the bone marrow than CLZ itself, leading to decreased
white blood cells. Thus, Regular monitoring of the
white blood cell count is recommended to reduce this
risk.!"* It was reported that clozapine metabolism is
inhibited by fluvoxamine medication, resulting in
considerably higher clozapine levels in the blood."
The Physicochemical properties of clozapine were

This is an open access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http:/creativecommons.org/licenses/
by-nc/3.0) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.
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