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Abstract
An accurate, sensetive and

simple UV spectrophotometric methods have been

developed and validated for determination of cefadroxil and dopamine in bulk and
pharmaceutical formulation. The method is based on formation of an intensely
colored chromogen which were measured at 515 and 560 nm for cefadroxil and
dopamine, respectively; after their reaction with 2,4-dinitrophenylhydrazine. The
experimental parameters were studied and optimized. The optimum conditions were
1.5 and 1 mL of 0.1% 2,4-DNP solution, 1.5 and 1 mL of 0.15% PPI solution and 0.5
mL of 10 M NaOH solution as alkaline media, water as diluting solvent maintained at
room temperature, for CFX and DA respectively. Furthermore, order of addition,
stability of products chromogen and the stoichiometry of reactions were studied. The
stability of products chromogen were at least 3 hours and 15 minute for CFX and DA,
respectively. The ratio between CFX: 2,4-DNP and DA: 2,4-DNP was in both cases
1:1, according to Job's methods (Job, 1964). Beer's law was obeyed in the
concentration range of 7.5-75 and 5-50 µg/mL with R2 of 0.999 and 0.995 for CFX
and DA, respectively. The validity of the methods was assessed according to
International Conference on Harmonization (ICH) guidelines. Regarding accuracy,
the recovery values for CFX and DA analysis methods were 98.6-101.3± 0.28-1.03 %
and 99.5-101.2 ± 0.21-1.12%, respectively. The RSD for intra- and inter-assay
precisions for CFX and DA analysis did not exceed 0.57 % and 1.38% as well as
1.14% and 1.5%, respectively. Interferences liabilities were carried out to explore the
effects of reagents and inactive ingredients. The average recovery 10 and 50 mg of
CFX were 99.96 ± 0.49% and 100.6 ± 0.42%, respectively and for 10 and 40 mg of
DA were 99.06 ± 0.76% and 100 ± 0.65%, respectively. The influence of small
variation in the methods variables did not significantly affect the procedures; recovery
values for CFX and DA were 98.2–102.78 ± 0.14–1.6% and 98.6–101.1 ± 0.31–
1.12%, respectively. The pharmaceutical dosage form was subjected for analysis of
CFX and DA content by developed methods and a reference one. The results were
compared by statistical analysis with respect to accuracy and precision and no
significant differences were found. The developed methods are easy to use, accurate
and highly cost-effective for routine analysis of cefadroxil and dopamine in quality
control laboratories relative to HPLC and other techniques.
Keywords: Cefadroxil, dopamine, 2,4-dinitrophenylhydrazine, spectrophotometric.
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Arabic abstract
تطوير طرق نتحذيذ كمية دواء سيفادروكيم و دواء دوبامين في االشكال انصيذالنية باستخذاو انتحهيم انطيفي
باستخذاو  -4,2داينيتروفينيم هيذرازين
يتضمه البحث تطُير طرق للتحليل الطيفي تتميز بأوٍا بسييط َقييةي لتةي ير قَاء سييفاقوَييل َ قَاء قَبيانيه
سُاء يان ال َاء في حالتً الىةيي اَ فيي المستحضيراا الديي ةوي  .ادتمي ا الطريةي دلي تويُيه نريي يييي
اللييُن نييه ال ي َاء َ -2,4قايىيترَفيىيييل ٌي ي واليه لييً ددلييي ا ي ن انتدييا

دى ي  560, 515ويياوُنتر لل ي َانيه

سيفاقوَيسيييل َ قَبييانيه دل ي التييُاليَ .ي ي تييا قواس ي َتح ي ي فييرَا التفادييل الميلييي لل ي َانيه .ياوييأ دفضييل
الظيرَا دىي اسيتم ا  1 َ 1.5نيل 1 َ 1.5 , 2,4-DNP % 1.0نيل  1 , PPI 0.15%نيل  01نيُةو
ٌي وَيسيي الديُقيُ  ,المياء فيي التمفيي

َ فيي قوةي حيراون الةرفي للي َانيه سيفاقوَيسييل َ قَبيانيه دلي

التُالي .باإلضاف إلي قواس تأثير الترتي المتبع في إضاف المتفادالا ,ن

استةراو الىاتج َوسيب المتفيادالا

في توُيه الىاتج لول طرية  .دفٍرا الىتانج استةراو الىياتج حتيي 3سياداا َ 01قييةي للي َانيه سيفاقوَيسييل َ
قَبانيه دلي الترتي َ .دن وسب التفادل في توُيه الىاتج ٌي َاح إليي َاحي لويل نيه سيفاقوَيسييل َ قَبيانيه
دلي التيُالي .دىي تةيييا الديُقن لطيرق التحلييل َةي دوٍيا تتبيع يياوُن بيير فيي ني

التريييز 5-50 َ 7.5-75

نيورَةرا لول نليلتر نع نعانل اوتباط  1.001 َ 1.000للي َانيه سيفاقوَيسييل َ قَبيانيه دليي الترتيي  .تيا
تةييا طريةتي التحليل حس يُاد ( )ICHتحأ الظرَا الميليي للتفاديل .دىي فحيد ال يي ( )Accuracyييان
نعي

وسيب اةسيترةا (%99.5-101.2 ± 0.21-1.12 , 98.6-101.3± 0.28-1.03 % )%Recovery

لول نه سيفاقوَيسيل َ قَبانيه دل التُالي .دى اختباو اةوحراا وتيد توراو طرية التحليل في اليُ الُاح
(َ )Intra-assayالتوراو نه يُ آلخر ( )Inter-assayلا يتداَل اةوحراا الةياسي الىسبي (0.57 )RSD%
َ  % 1.5 َ1.14 َ % 1.38لوييل نييه سيفاقوَيسيييل َ قَبييانيه دلييي الترتييي  .دىيي قواسيي تييأثير المييُاق
المت اخل ي فييي طييرق التحليييل باإلضيياف إلييي الموُويياا الةييير دساسييي فييي المستحضييراا َةيي دن نعيي

وسييب

اةسترةا ( )%Recoveryدى خلظ  50 ,10نليدرا نه سيفاقوَيسيل بٍذي المُاق المت اخل ياوأ 99.96 ±
 % 0.42 100.6 ± َ % 0.49دلي الترتي َ ,ياوأ  % 100 ± 0.65 َ % 99.06 ± 0.76لل َبانيه دليي
الترتي ي  .دى ي قواس ي تييأثير التةيييراا الطفيف ي فييي فييرَا التفادييل دلييي وتييانج طرية ي التحليييلَ ,ة ي دن نع ي
السيترةا ( )%Recoveryياويأ % 98.6–101.1 ± 0.31–1.12% َ % 98.2–102.78 ± 0.14–1.6
لول نه سيفاقوَيسيل َ قَبانيه دلي الترتي  .تا استم ا طريةتي التحليل الطيفي المطُون بوفاءن في تحليل يل
نه سيفاقوَيسيل َ قَبانيه في المستحضراا الديي ةوي َيي يُوويأ بأحي الىتيانج المى يُونَ ,دفٍير التحلييل
اإلحدياني بيأن الطيرق ياويأ نتماثلي  .التحلييل الطيفيي للسيفاقوَيسييل َالي َبانيه باسيتم ا  -2,4قايىيترَفيىييل
ٌي واليه تتميز بأوٍا بسييط َقييةي َغيير نولفي لعمليي التحلييل التةلي يي فيي نمتبيراا الديُقن نةاووي بالتحلييل
الورَناتُةرافي َالطرق األخر .
انكهمات انمفتاحية :سيفاقوَيسيل  ,قَبانيه  -4,2 ,قايىيترَفيىيل ٌي واليه  ,التحليل الطيفي,
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Chapter 1
Introduction
1.1 Pharmaceutical analysis: Overview
Pharmaceutical analysis simply means analysis of a pharmaceutical(s). Webster's
dictionary defines a pharmaceutical as a medicinal drug. It is generally known that a
pharmaceutical is a chemical entity of therapeutic interest. Pharmaceutical analysts
play a major role in assuring the identity, safety, efficacy, and quality of a drug
product. Safety and efficacy studies require that drug substance and drug product
meet two critical requirements: Established identity and purity and established
bioavailability/dissolution. This procedure is called quality control (QC). Many
procedures should be undertaken to ensure the identity and purity of a particular
pharmaceutical. Such procedures may range from the performance of simple chemical
experiments which determine the identity and screening for the presence of particular
pharmaceutical substance (thin layer chromatography, infrared spectroscopy, etc.), to
more complicated requirements of pharmacopoeial monographs. Development and
validation of analytical methods for pure drug and drug product are required
(Bonfilio, De Araujo and Salgado, 2010, and Ahuja and Scypinski, 2001).
1.2 UV/Vis Absorption spectroscopy
The word spectroscopy implies that we will use the electromagnetic spectrum to gain
information about organic molecules. The modifier ultraviolet/visible means that the
information will come from a specific region of the electromagnetic spectrum called
the ultraviolet region (190-400nm) and visible region (400-800nm). UV/Vis
Absorption finds wide spread applications for the identification and determination of
organic and inorganic species, detection of impurities, structure elucidation of organic
substance, and quantitation (Brown, 1980). It is also very useful in QC of
pharmaceuticals because of the potential of the great majority of drugs to absorb
energy in these wavelengths.
Absorbance (A) is a measure of the amount of light absorbed by the substance, and it
is proportional to the path length (b) through which the radiation passes and the
concentration (C) of the substance in solution (Beer-Lambert law). A = εbC, where
"ε" is molar absorptivity if b is expressed in centimeters and C in mole/liter.
Spectroscopic measurements are simple, sensitive, nondestructive, and require only
small amounts of material for analysis (Watson, 2005).
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Spectrophotometers intended for measuring in the UV and visible range have an
optical system capable of producing monochromatic radiation in the range of 200-800
nm and a device to measure absorbance (A) (Fig. 1.1) .

The main components of UV/vis spectrophotometer include:


Light source: deuterium lamp for UV region from 190-350 nm and tungsten
lamp for visible region from 350-800 nm, and optics to split the light to two
sample compartments, so blank solution can be used to correct the reading.



Monochromator: is wavelength selecting device. It consists of an entrance slit,
a dispersive device, a collimator and an exit slit.



Sample cells: are commonly made of quartz. Plastic is available for measuring
in the visible region only.



Detectors: photo emissive and photomultiplier tubes, photovoltaic cells or
photodiode array detectors.



Readout device: convert the electrical signal from the detector to a digital
signal.

Figure 1.1: Schematic diagram of UV/vis spectrophometer.

Important characteristic of absorption spectroscopy include:
♦ Wide applicability of both organic and inorganic system
♦ Typical sensitivity of 10-4 to 10-5 M
♦ Moderate to high selectivity
♦ Good accuracy
♦ Ease of convenience of the data acquisition (Edisbury, 1996)
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1.3 Spectrophotometry and derivatization
Applications of absorption spectroscopy are limited due to moderate selectivity,
which depends on the chromophore of the individual drugs. Enhancement of
selectivity and sensitivity can be achieved by color reactions which can lead to
shifting of absorption to visible range and thus separate the molecule from interfering
substances in the UV spectrum. Also these reactions can convert non absorbing
molecules to stable derivative with significant absorption (Paim et al, 2008, Reddy et
al, 2008, and Jadhav et al, 2010).
Derivatization means the reaction caused by a chemical reagent or physical method to
convert a poor detector responding analyte into a highly detectable product which
make enhancement of properties as detector response, linear response range and the
ability of separation (Krull, Deyl and Lingeman, 1994).
Some of the most common derivatizing agents used in absorption spectroscopy are
2,4-dinitrophenylhydrazine

(2,4-DNP),

1,2-naphthoquinone-4-sulfonate

(NQS),

ninhydrine, dinitrophenyl hydrazine, hydroxylamine, and 1-flurou-2,4-dinitrobenzene
(Sanger reagent) (Toyo’oka, 1999). The selection of such reagents depends on
specific functional group of analyte.

1.4 Cefadroxil
Cefadroxil (CFX) is an antibiotic, is chemically named (6R,7R)-7-[[(2R)-2-amino-2(4-hydroxyphenyl)acetyl]amino]-3-methyl-8-oxo-5-thia-1-azabicyclo[4,2,0]oct-2-ene2-carboxylic acid monohydrate (USP, 2007). The structure is illustrated in figure 1.2.

OH
S

H

N

HO
O

NH
O

O

NH2

Figure 1.2: Structure of cefadroxil
Cefadroxil monohydrate is a semi-synthetic cephalosporin antibiotic. It is useful for
serious infections caused by susceptible strains of micro-organisms in lower
respiratory infections, genitor-urinary infections, gynecologic infections, skin
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infections and central nervous system infections. Cephalosporins operate by inhibiting
bacterial cell wall biosynthesis which grows actively against a wide range of both
gram-positive and gram-negative bacteria (Tanrisever and Santella, 1986).
Various analytical procedures are described for the determination of CFX
mainly, spectrophotometry direct spectroscopy (Dey et al, 2010) , derivative
spectrophotometry (Aly, Walash and Belal, 1994 ; Makchit et al, 2006 ; Saleh, 1996 ;
Rani et al, 2011) , liquid chromatography ( Hendrix et al, 1993 ; Patil et al, 2011),
reverse phase HPLC (Nahata and Jackson, 1990 ; Pisal et al, 2011), capillary zone
electrophoresis

(Solangi et al, 2007),

chemiluminescence

(Aly, Alarfaffj and

Alwarthan,1998), and polarography (Abdelgaber, Ghandour and Al-Said, 2003).

1.5 Dopamine
Dopamine (DA), an endogenous catecholamine that is the immediate precursor of
norepinephrine, is a sympathomimetic agent with prominent dopaminergic and β1adrenergic effects at low to moderate doses and α-adrenergic effects at high doses.
It's chemically named 1,2-benzenediol,4-(2-amonoethyl)hydrochloride (USP, 2007).
The structure is illustrated in figure 1.3.

HO

NH2

HO
Figure 1.3: Structure of Dopamine
Dopamine is particularly important in the regulation of movement and possesses
important intrinsic pharmacological properties. It is used for the correction of
hemodynamic disorders associated with shock episodes (Ford and Roach, 2013).
Literature survey for dopamine hydrochloride revealed several methods for it is
determination such as spectrophotometric (Al-Abachi and Al-Da'amy, 2005; Nagaraja
et al,1998; Guo, Zhang and Li, 2009), flow injection (Al-Abachi, Sinan and Haddi,
2009; Nevado, Gallego and Laguna, 1996), fluorimetric (Subrata et al, 2004),
voltammetric (YU et al, 2012), and chromatographic (Wang, Zhou and Cui, 2011;
Cosmin, Marius and Ancamaria, 2009; Sanchez, Menezes and Pereira, 2001).
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1.6 Justification
To ensure therapy effectiveness the drug must reach the site of action at adequate
concentration. Therefore, the quality of pharmaceutical preparations must be tested as
a preliminary step.
Cefadroxil and dopamine were analyzed using instrumental techniques e.g. HPLC and
spectrophotometric procedures either direct or after derivatization. The HPLC
procedures are time consuming, expensive, need sophisticated instruments and not
available routinely in quality control laboratories.

1.7 Problem statement:
Development of analytical procedure is necessary to ensure efficacy of drugs . An
assay should be simple, rapid, inexpensive and accessible for routine analysis.
CFX and DA assays need highly sophisticated instruments and expensive solvents,
chemicals, and derivatizing agents, which are unavailable in our laboratories. UVspectrophotometer is available in all quality control laboratories and still an important
and applicable assay in pharmacopoeia.

1.8 Aim:
The aim of the study is to develop and validate a new, simple and accurate method for
determination of cefadroxil and dopamine in raw material and pharmaceutical dosage
forms using spectrophotometry and a common and available derivatizing agent 2,4dinitrophenylhydrazine.

1.9 Objectives:
1- To derivatize cefadroxil with 2,4-DNP.
2- To optimize the reaction conditions of CFX with 2,4-DNP e.g. pH, temp., time,
solvent, molar ratio,…etc.
3. To validate the derivatization assay of CFX with 2,4-DNP according to ICH
guidelines including ( linearity, range, specificity, accuracy, precision, robustness and
ruggedness).
4. To derivatize dopamine with 2,4-DNP.
5- To optimize the reaction conditions of DA with 2,4-DNP e.g. pH, temp., time,
solvent, molar ratio,…etc.
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6. To validate the derivatization assay of DA with 2,4-DNP according to ICH
guidelines including ( linearity, range, specificity, accuracy, precision, robustness and
ruggedness).
7. To apply the validated assays for bulk and different dosage forms.
8. To compare the developed assays with a reference assay.
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Chapter 2
Literature Review

2.1 Spectrophotometry and derivatization
Spectrophotometric methods for the determination of drugs are commonly based on
the absorption of the visible and near ultraviolet radiation. Visible spectrophotometry
was often called colorimetry and even now such definitions as colorimetric,
photometric or absorptiometric methods are sometimes used in the literature, as
equivalents to the term spectrophotometric method (Gorog, 1995). In this method the
absorption of radiation is a function of concentration of species in the solution. The
majority of substances have not sufficient intense absorption to be measured.
Derivatization is a general term used for a chemical transformation designed to
improve sensitivity and selectivity of analytical process. The chemical structure of the
substance can be modified by the reaction of a specific functional group in the
substance with derivatizing reagent resulting in a new chemical property that can be
used for quantification or separation of the substance (Watson, 2005).
Derivatization reagents may be divided into four groups (Laurence, 2000).
1. Non-fluorescent reagents, generally used in UV/Vis (benzoyl chlorides, sulfonyl
benzene and 2,4-Dinitrophenylhydrazine).
2. Fluorogenic reagents, generally non-fluorescent, but which react with target
compounds to form conjugated fluorescent cyclic molecules (fluorescamine and
NQS).
3. Fluorescent reagents, which have a highly fluorescent aromatic group (fluorophore)
and a reactive group.
4. Reagents with redox properties, used in electrochemistry.
Derivatization reactions are chemical reactions. There are many variables that control
reaction completeness, speed, and specificity. These include temperature, solvents,
catalysts, and supports (Knapp, 1979).
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2.2 2,4-Dinitrophenylhydrazine (2,4-DNP)
2, 4-DNP, also known as Brady’s reagent, has been used for the characterization of
aldehydes and ketones by hydrazone formation. 2,4-DNP was used as derivatizing
agent coupled with spectroscopy for analysis of drugs like atorvastatin calcium,
ezetimibe (Shravya et al, 2010), salbutamol, ritodrine, amoxicillin and isoxsuprine
(Nagaraja and Shrestha, 2009) and Pregabalin (Sowjanya et al, 2011).
The method is based on the oxidation of 2, 4-DNP to produce diazonium cation,
which couples with phenolic drugs to yield highly absorbing chromogen. The
proposed reaction of 2,4-DNP with phenolic groups is illustrated in Figure 2.1.
Studies on different variables affecting the reaction were investigated. These
conditions included pH, temperature, time, solvent, molar ratio, reagent concentration
and sequence of reagent addition.

NO2

NO2
NHNH2

+

KIO4

O2N

R

N2

HO

O2N

Phenolic Drug
2,4-DNP

R

NO2

N
N

O2N

OH

Colored Product

Figure 2.1: Reaction of 2,4-DNP with phenolic compounds.

This method is based on the oxidation of 2,4- dinitrophenylhydrazine and
coupling

of

the

oxidized

product with

drugs

to

give intensely colored

chromogen. The blank solution was slightly yellowish in color that had
negligible absorbance at the λmax in which the drugs were analyzed. A temperature
range of 20-30 ºC is preferred for the reaction (Nagaraja and Shrestha, 2010).
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It was found that 2,4-DNP could react with phenolic drugs to give an intensely
colored chromogen (Nagaraja and Shrestha, 2010).
The effect of 2,4-DNP concentration on reaction was studied. As its concentration
was increased, the absorbance of the reaction solution was more intense. A
concentration of 0.08 % (w/v) was optimum and higher concentrations up to 1.5 %
has not affected the absorption values positively (Shravya et al, 2010).
The concentration of oxidizing agent is a question of solubility and efficacy. In
addition the solution was acidified with concentrated H2SO4 to produce diazonium
cation as first step. The coupling of diazonium cation and phenolic drugs requires
basic media. The basicity was adjusted by addition of NaOH (10M).
The chromogenic product, produced from the reaction of salbutamol, ritodrine,
amoxicillin and isoxsuprine with 2,4-DNP, showed stability for more than two hours
(Nagaraja and Shrestha, 2010).
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2.3 Cefadroxil (CFX)
2.3.1 Introduction
Cefadroxil (formerly trademarked as Duricef) is chemically named (6R,7R)-7-[[(2R)2-amino-2-(4-hydroxyphenyl)acetyl]amino]-3-methyl-8-oxo-5-thia-1-azabicyclo[4,2,
0] oct-2-ene-2-carboxylic acid monohydrate. It is a broad-spectrum antibiotic of
the cephalosporin type,

effective

in gram-positive and gram-negative

bacterial

infections (Figure 2.2).

OH
S

H

N

HO
O

NH
O

O

NH2

Figure 2.2: Chemical structure of CFX
The core of the basic cephalosporin molecule consists of a two ring system which
includes a β-lactam ring condensed with dihydrothiazine ring. The core itself can also
be

referred

to

as 7-aminocephalosporanic

acid, which

can

be

derived

by hydrolysis from the natural compound cephalosporin C. Cephalosporin C contains
a side-chain which is derived from D-aminoadipic acid. Modification of side
chains on the relevant positions has been used to create a whole new class of
cephalosporin antibiotics (Figure 2.3). Modification of side-chains in position 7 of the
lactam ring seems to affect the antibacterial activity while position 3 of the
dihydrothiazine ring alters pharmacokinetic properties and receptor binding affinity
(Brunton, Chabner and Knollman et al, 2011, Rodríguez, Bellido and Sánchez, 1995).


O

A2

H
A1

Ar

N
H


N

A3

O
COOH

Figure 2.3: Basic core structure of cephalosporin
In the acidic conditions of the stomach, in vitro stability can be enhanced by the
addition of an amino and a hydrogen to positions α1 and α2 of the cephalosporin
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structure. This results in a basic compound, an ammonium ion that is protonated in
mentioned conditions, giving us a more stable β-lactam which leads to an orally
active drug. Anti-bacterial activity can be enhanced if A2 is an alkoxy group instead
of a hydrogen. The 7-amino group is crucial for anti-bacterial activity. In some cases,
adding a methoxy group in position A2, cephalosporin stability is enhanced toward βlactamases. In position A1, sulfur and oxygen can be placed in the ring. Sulfur shows
better anti-bacterial activity, but oxygen shows better stability towards β-lactamases.
In position C6, hydrogen is crucial for biological activity. In position A3, antibacterial activity is greater when A3 is a 5-membered heterocycle instead of a 6membered one. Stability toward β-lactamase can be increased around 100-fold with
the addition of methoxyoxime. Z-oxime is nearly 20,000-fold more stable than the Eoxime (Lemke and Williams, 2008).

2.3.2 Physical properties:
Characters : white or almost white powder.
Storage : preserve in tight containers.
Solubility : CFX is slightly soluble in water and very slightly soluble in ethanol
(96%) (Bp, 2013).
pKa: The apparent pka for CFX are; pka1(carboxylic acid) =2.64 ; pka2(α-ammonium
group) =7.30; pka3 (phenolic group) =9.69 at 35 ºC.
pH of solution: 4 to 6 (50mg/mL) (USP, 2007).

2.3.3 Stability
Under stress degradation conditions CFX was hydrolyzed in acidic (3N HCl ) and
alkaline (0.1N NaOH) solutions after 90 minute. The oxidative degradation using
30% hydrogen peroxide was observed within 15 minutes.
CFX is relatively stable when exposed to dry heat and photolytic conditions (Dey et
al, 2010).

2.3.4 Mechanism of action
CFX Affects bacteria through lytic and non-lytic mechanism. It binds to specific
penicillin-binding proteins (PBPs) located inside the bacterial cell wall, causing the
inhibition of the last stage of bacterial cell wall synthesis. It is possible that cefadroxil
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interferes with an autolysin inhibitor (autolytic enzymes mediate cell lysis) (Waller,
Renwick and Hillier, 2010).
Available dosage forms of CFX are capsule and tablet 500 mg, oral suspension 125
and 250 mg/5 mL.

2.3.5 Pharmacokinetics
Cefadroxil is absorbed readily from the gut. After oral doses of 500 mg, serum level is
15–20 μg/mL, t1/2=1.6 hour, Cmax 9.5mg/L (Anderson, Groundwater and Worsley,
2012).
More than 90% of a dose of CFX may be excreted unchanged in the urine within 24 h
by glomerular filtration and tubular secretion (Robert, Charles and Criag, 2004).

2.3.6 Indication and dose
CFX is indicated in infections due to sensitive Gram-positive and Gram-negative
bacteria. It is effective against bacteria causing infections of urinary tract, skin and
soft tissue as well as pharyngitis and laryngitis (Ebadi, 2008).
It is given orally in a dose of 0.5–1 g twice daily (Scholar and Pratt, 2000).

2.3.7 Adverse effects
Among CFX reported side effects are nausea, epigastria distress, diarrhea, vomiting,
skin rash, genital pruritus, pseudo-membranous colitis, and genital moniliasis (Ford
and Roach, 2013).

2.3.8 Contraindications and precautions
Patients with sensitivity to beta-lactam antibacterial, renal impairment, pregnant and
breastfeeding (but appropriate to use) are contraindicated (Arcangelo and Peterson,
2006).

2.3.9 Drug interactions
Drugs that block tubular secretion like probenecid may increase serum levels
substantially. In patients with impaired renal function, dosage must be reduced
(Katzung et al, 2009).
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2.3.10 Analysis of CFX
2.3.10.1 Official methods
British Pharmacopoeia, (2013) stated HPLC method for cefadroxil assay. C-18
(25 cm x 4.6 mm) with potassium dihydrogen phosphate solution and acetonitrile as
mobile phase (96:4 v/v), flow rate 1 mL/min, and UV detection at 254 nm (BP, 2013).
United states pharmacopoeia (2007) recommended a similar HPLC method but the
mobile phase consist of pH5 buffer solution (monobasic potassium phosphate +
potassium hydroxide) and acetonitrile [960:40], flow rate 1.5 mL/min, and UV
detection at 230 nm (USP, 2007).

2.3.10.2 Spectroscopic methods
Several spectrophotometric methods have been developed for estimation of CFX in
bulk and dosage forms either alone or in combination with other drugs.
Direct spectroscopy was used. CFX showed λmax at 264 nm in methanol/water
(50:50) and the linearity was approved in the range from 10 to 50 µg/mL (Dey et al,
2010).
Spectrophotometric measurements following derivatization reaction were also
described.
4-Aminoantipyrine and potassium hexacyanoferrate (III) were applied to derivatize
CFX. The method is based on the measurement of a red, water-soluble product
formed by the reaction between cefadroxil and 4-aminoantipyrine in the presence of
alkaline potassium hexacyanoferrate (III) at 510 nm. Optimum conditions for
determining the drug were investigated. Beer’s law was obeyed over the concentration
ranges of 1 – 10 μg/mL and 10 – 50 μg/mL with a detection limit of 0.17 μg/mL and a
limit of quantification of 0.56 μg/mL (Makchit et al, 2006).
A spectroscopic method was developed to determine CFX and amoxicillin in their
dosage forms. It based on oxidation of drugs by N-bromosuccinimide and Nchlorosuccinimide in an alkaline medium to give an intense yellow product (λmax=
395 nm). The assay obeyed Beer’s law over the range of 1 – 20 µg/mL for CFX
(Saleh, 1996).
To assay cefadroxil in tablets, it was brominated with bromate-bromide mixture under
strong acidic conditions. After bromination, the excess brominating mixture was
treated with methylene blue, to produce a stable grass green coloured complex. The
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absorbance of complex was measured at 670 nm aganist blank. The method was linear
in the range 8-32 μg/mL (Rani et al, 2011).
A charge transfer complex based method between 2,3-dichloro-5,6-dicyano-1,4benzoquinone (DDQ) as π- acceptor and CFX as n-donor in borate buffer pH 9 was
applied. The spectra of the complexes showed adsorption maxima at 338 nm with the
apparent molar absorptivity of 1.52×104 L/mol.cm. Beer's law was obeyed in the
concentration range of 1.6-20 µg/mL (Al-Ghabsha, Al-Sabha and Al-Mtaiwti, 2007).
Three simple, rapid and sensitive spectrophotometric procedures were developed for
the analysis of cefadroxil, cephapirin, cefazolin, cephalexin, cefotaxim, cefoperazone
and ceftazidim in pure form as well as in pharmaceutical formulations. The methods
are based on the reaction of drug as n-electron donor with the ϭ-acceptor iodine, 2,3dichloro-5,6-dicyano-p-benzo-quinone(DDQ) and 7,7,8,8-tetracyanoquinodimethane
(TCNQ). The obtained charge-transfer complexes regarding CFX were measured at
364 nm for iodine (in 1,2-dichloroethane), 460 nm for DDQ (in methanol) and 843
nm for TCNQ (in acetonitrile) methods. Beer’s law was obeyed in a concentration
range of 6–50, 40–300 and 4–24 µg/mL for iodine, DDQ and TCNQ methods,
respectively (Saleh et al, 2001).
Two simple colorimetric methods for the determination of cefadroxil were developed.
These methods depended upon the oxidation using sodium hypochlorite and 1chlorobenzotriazole in alkaline medium. The method was linear within the
concentration range 15-123 µg/mL (Walash et al, 1994).
A spectroscopic method was described for the determination of eleven
cephalosporins, including CFX in bulk and dosage forms. The method depends on
hydrolysis of the drugs using 0.5 M NaOH at 100°C and subsequent reaction of the
formed sulfide ions with NBD-Cl (4-chloro-7-nitrobenzo-2-oxa-1,3-diazole) to form a
yellow-colored chromogen measured at 390 nm. For CFX the linear range was 5-25
µg/mL with limit of detection 0.29 µg/mL and limit of quantitation 0.88 µg/mL
(Rageh et al, 2010).
A flow injection analysis method for the determination of cefadroxil was proposed.
The method is based on the hydrolysis of cefadroxil in sodium hydroxide solution
followed by treatment with 1,4-phenylenediamine and Fe(III) in sulphuric acid
solution to produce a violet color which has a maximum absorption at 600 nm. The
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procedure was multistep. The linearity ranged from 80 to 320 µg/mL and detection
limit was 40 µg/mL (Al-Momani et al, 1999).
Variamine blue was used to analyze cefadroxil within the range 0.2-5.0 µg/mL and
other cephalosporins (cefotaxime, ceftriaxone, cephalexin). The determination based
on the hydrolysis of β-lactam ring of cephalosporins with sodium hydroxide which
subsequently reacted with iodate to liberate iodine in acidic medium. The liberated
iodine oxidized variamine blue to violet colored species of maximum absorption at
556 nm. The absorbance is measured within the pH range of 4.0-4.2 (Pasha and
Narayana, 2008).
A simple spectrophotometric method was developed for the determination of
cefadroxil in pure bulk and in capsules. The method is based on a direct reaction
between cefadroxil and sodium hydroxide(1N). By heating at 100 °C for 30 minutes,
the product has λ max at 342 nm and molar absorptivity of 7.9x103 L/ mol.cm. The
absorbance-concentration

plot

was linear

over

the

range 5-25 µg/mL. The

detection limit (LOD) and quantification limit (LOQ) were 0.693 µg/mL and 2.31
µg/mL, respectively (Shantier et al, 2011).
Cefadroxil was derivatized using ninhydrin in methanol at 92ºC for 15 minutes. The
resulting chromogen showed maximum absorption at 578nm. The linear range was 550 µg/mL. It was applied to determine CFX in tablets effectively (Patel et al, 2011).
Two simple and selective spectrophotometric methods were developed for the
quantitative determination of cefadroxil monohydrate in pure forms as well as in their
pharmaceutical formulations. The methods are based on the selective oxidation of
these drugs with either Ce (IV) or Fe (III) in acid medium to give an intense yellow
coloured product λmax=397 nm (Salem and Saleh, 2002).
A spectrophotometric method was described for the determination of CFX and some
phenolic antibiotics namely: amoxicillin and vancomycin. The method is based on the
measurement of the orange yellow species produced when the drugs are coupled with
diazotized benzocaine in triethylamine medium. The formed compounds absorb at
455 nm for both cefadroxil and amoxicillin and at 442 nm for vancomycin. The
method was linear for CFX in the range 0.8-12 µg/mL (El-Ashry et al, 2000).
Oxidative coupling reactions were applied to develop spectroscopic assay for
determination of CFX. 3-methyl-2-benzothiazolinone hydrazone hydrochloride
(MBTH) in the presence of cerium(IV) salt, 4-aminophenazone in the presence of
potassium hexacyanoferrate (III) and 2,6-dichloro-quinone-4-chlorimide (Gibb's
15

reagent) were used in CFX analysis. The products showed λmax at 410, 510 and 620
nm and the linearity was in the range 1-6, 2-24 and 1-6 µg/mL, respectively
(Sastry, Rao and Prasad, 1997).
CFX reacted with p-chloranilic acid in a mixture of methanol: ethanol at 50 ºC for 15
minutes to produce a rose complex, which has λmax of 528 nm. The reaction based
on the charge transfer reaction. The linear range was 20-400 µg/mL. The method was
applied to determine CFX in pharmaceutical raw material and capsules (Xuecheng et
al, 1998).
Cefadroxil was analyzed spectroscopicaly after reacting with ferric nitrate and 1,10phenanthroline at 60-70ºC and followed by phosphoric acid. The product was bloody
red complex, and showed λmax at 515 nm. The linearity was estimated over the range
0.22-2.97 µg/mL (Dilip and Dilip, 2011) .
First derivative spectrophotometry was presented for the determination of CFX and
cefuroxime in human urine, by measurement of their first-derivative amplitude in
0.1N sodium hydroxide at 267.3 and 292.5nm, respectively. The concentration range
was 2–10 μg/mL for each drug (El-Gindy, El Walily and Bedair, 2000) .
There are two spectrophotometric methods for determination of cefadroxil using
Cu(IV)and V(V) in sulphuric acid medium. Beer’s plots were obeyed up to 100
µg/mL and the molar absorptivities were 2.10×103 and 3.81×103 L/mol.cm. with
copper and vanadium, respectively (Badawya and Abdel-Gawad, 1993).
Derivative spectrophotometry was applied for the determination of CFX and
Cefotaxime. The calibration plots were linear up to 43 µg/mL of each antibiotic, with
r ranging from 0.9997 to 0.9999. In the ratio-spectra method, the measurements were
taken at 239.5 and 291.5 nm (cefotaxime, 1st-derivative), 238 and 283 nm (cefadroxil,
1st-derivative), 284 and 303 nm (cefotaxime, 2nd-derivative), and 229.5 and 245.5
nm (cefadroxil, 2nd-derivative). For CFX, LOD and LOQ ranged from 0.19 to 0.51
and from 0.63 to 1.70 µg/mL respectively. By the zero-crossing 2nd-derivative
method, lines of regression were linear at 257 and 279 nm (cefotaxime) and 242 and
296 nm (cefadroxil). LOD and LOQ from 0.27 to 0.41 and from 0.90 to 1.37 μg/mL,
respectively (Morelli, 2003) .

2.3.10.3 Chromatographic methods:
Isocratic column liquid chromatography on a poly(styrene-divinylbenzene) stationary
phase (PLRP-S, 25 cm × 0.46 cm I.D.) at 50°C allowed the separation of cefadroxil
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from related substances. The mobile phase was acetonitrile-0.02 M sodium 1octanesulphonate-0.2 M phosphoric acid-water (10.5:20:5:100, v/v). The flow-rate
was 1.0 mL/min and UV detection was performed at 254 nm (Hendrix et al, 1993).
An Inertsil ODS (4.60 x 250 mm 2 , 5 µ m) analytical column with an eluting system
consisting of a mixture of phosphate buffer (pH 6.5)-methanol 78-32% (v/v) at a
flow-rate 1.5 mL/min was used to analyze CFX in bulk form. Detection was
performed by UV-Vis detector at 210 nm, resulting in limit of detection of 0.06 ppm
for cefadroxil per 20-µL injection. A linear relationship was observed up to 0.2 ppm.
Analysis time was less than 10 minutes (Shukla et al, 2008).
A reverse phase HPLC method was described for the measurement of cefadroxil in
the commercially available suspension and in serum. The mobile phase consisted of
sodium phosphate buffer and methanol (85:15 v/v), flow rate 2 mL/min and the
internal standard was cefaclor. The samples were injected onto an Ultrasphere
C8 column and the detector was set at 230 nm. The standard curves were linear and
the detection limit was 0.5 µg/mL. The interday and intraday coefficient of variation
was <4.7%. The method was successfully used to determine the stability of cefadroxil
in the commercially available suspension; and, measure serum cefadroxil
concentration in a pediatric patient (Nahata and Jackson, 1990).
Another reverse phase liquid chromatographic method has been developed for
the analysis of cefadroxil in bulk drug and tablet dosage form using C18 column.
The mobile phase methanol: water (60:40 v/v) was pumped at flow rate of 1.0
mL/min and eluent was monitored at 264nm. Linearity was obtained in the
concentration range of 5-30 µg/mL (Patil et al, 2011).
A validated RP-HPLC method for simultaneous quantification of cefadroxil and
potassium clavulanate as the bulk drug and in tablet dosage forms was developed.
Separation was carried out on Jasco HPLC system equipped with Neosphere C18
column (150 x 4.6 mm i.d.) and UV/VIS detector using Methanol: 20 mM potassium
dihydrogen phosphate buffer in ratio of (10: 90, v/v) as mobile phase and detection
was carried out at 220 nm. Results were linear in the range of 5-30 µg/mL for
cefadroxil and 2-12 µg/mL for potassium clavulanate (Pisal et al, 2011).
A new reverse phase HPLC method has been developed for the estimation of CFX
using mobile phase consisting of Phosphate buffer: acetonitrile in the ratio of
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65:35 % v/v and the pH 3.5 adjusted with 0.2% orthophosphoric acid. The
column used was Hypersil ODS C18 (250 × 4.6 mm, 5µ) with flow rate of 1
mL/min and detection at 220 nm.The method was linear over the range of 2080µg/mL with a retention time of 3.257min (Rao et al, 2014).
A method was developed and validated for analysis of cefadroxil using micellar
electrokinetic capillary chromatography. It permited cefadroxil to be completely
separated from ten of its known related substances within 15 min (including the
washing procedure). The separation was performed in an acetate buffer 51 mM, pH
5.25) containing sodium dodecyl sulfate (SDS; 110 mM). The conditions were fused
silica capillary 44 cm long (36 cm effective length), ID: 50 µm the voltage ; 18 kV,
temperature: 15 ºC; and the detection wavelength 254 nm (Li et al, 1998).
2.3.10.4 Others:
A chemiluminescent method using flow injection was described for the determination
of CFX. The method based on the chemiluminescence reaction of CFX with
potassium permanganate in sulphuric acid, sensitized by quinine. The proposed
procedure allows the determination of cefadroxil over the concentration range 0.1-30
μg/mL with a detection limit of 0.05 µg/mL and a sample measurement frequency of
150 samples/h. The method was successfully applied to determine cefadroxil in
pharmaceutical preparations and biological fluids (Aly, Alarfaffj and Alwarthan,
1998).
A voltametric assay was described. Cathodic adsorptive stripping voltammetry was
carried out in hydrochloric acid (0.1M): methanol (80: 20 v/v) and potassium
chloride (0.1M) as supporting electrolyte. The reduction wave was obtained within
-700 to -800 mV. Linear calibration curve was within 1-50 µg/mL with detection
limit of 0.1 µg/mL of cefadroxil. The satisfactory results were obtained for quality
control of cefadroxil in pharmaceutical preparations and in blood serum (Solangi et
al, 2006).
Capillary zone electrophoretic (CZE) method has been established for separation and
quantification of a mixture of cefadroxil CFX and other seven cephalosporins.
Separation was performed in less than 11 min with 50 mM sodium tetraborate buffer,
pH 9.0, and an applied potential of 30 kV. Reproducible separation was achieved and
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calibration plots were linear over 5–1000 µg/mL. Limits of detection were in the
range 0.5–5 µg/mL. Detection was by UV absorbance at 214 nm (Solangi et al, 2007).
Both differential pulse polarography and cyclic voltammetry techniques have been
applied to investigate the coordination of Cd2+, Zn2+, and Pb2+ ions with CFX,
cephalexin and cephaloridine in unbuffered aqueous medium. Cefadroxil exhibited
four complexes with Cd2+ ion and two only with Pb2+. It appears that, cefadroxil has
no complexing properties towards Zn2+ ions. Cephaloridine gives four consecutive
complexes with Zn2+ only and no complexation occurs with Cd2+ or Pb2+ ions. The
reversibility of the electrochemical reaction has been confirmed using cyclic
voltammetry. It appears that, the kind of the side chain fixed at the 7-position on the
β-lactam ring and the basicity of ligands have influenced on the complexation reaction
as illustrated by the different behaviour of the investigated ligands (Abdelgaber et al,
2003).
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2.4 Dopamine
2.4.1 Introduction
Dopamine (DA), an endogenous catecholamine that is the immediate precursor of
norepinephrine, is a sympathomimetic agent with prominent dopaminergic and β1adrenergic effects at low to moderate doses and α-adrenergic effects at high doses
(Rosenfeld and Loose, 2007).
It's chemically named 1,2-benzenediol,4-(2-aminoethyl)hydrochloride. The structure
is illustrated in figure 2.4.

HO

NH2

HO
Figure 2.4: Chemical structure of DA
The neutral amino acid tyrosine is the precursor for all catecholamines. The majority
of tyrosine is obtained from the diet; a small proportion may also be synthesized in
the liver from phenylalanine. The first step in the synthesis of DA is the conversion of
tyrosine to L-DOPA (L-3,4-dihydroxyphenylalanine, or levodopa) by oxidation of the
position 3 on the benzene ring. This reaction is catalyzed by the enzyme tyrosine
hydroxylase (TH), a ferro-enzyme. Oxidation of tyrosine to L-DOPA is the rate
limiting step in the production not only of DA, but of all catecholamine
neurotransmitters. The next and final step in the synthesis of DA is the conversion of
L-DOPA to DA by the enzyme aromatic amino acid decarboxylase (AADC). AADC
cleaves the carboxyl group from the α-carbon of the ethylamine side chain, liberating
carbon dioxide (figure 2.5). In dopaminergic neurons, the end product of the
catecholamine synthetic pathway is DA. In cells that secret the catecholamine
norepinephrine (NE), DA is converted to NE by the enzyme dopamine ß-hydroxylase.
In other cells, NE may be converted to epinephrine by phenylethanolamine Nmethyltransferase. Dopaminergic neurons lack both of these enzymes (Golan et al,
2012).
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Figure 2.5: Biosynthesis of dopamine
After DA synthesis in the cytoplasm, it is transported into secretory vesicles and is
released into the synaptic cleft, where the neurotransmitter can stimulate post synaptic
dopamine receptors and presynaptic dopamine autoreceptors. DA is transported out of
the synaptic cleft by the selective dopamine transporter. Cytoplasmic DA is retransported into secretory vesicles or degraded by the enzyme monoamino oxidase
(MAO). DA is metabolized to homovanillic acid (HVA) in a series of reactions. It is
oxidized to dihydroxyphenylacetic acid (DOPAC) by sequential action of the
enzymes monoamine oxidase (MAO) and aldehyde dehydrogenase (AD). Catecho-Omethyltransferase (COMT) then oxidizes DOPAC to HVA. Alternatively, DA is
methylated to 3-methoxytyramine by COMT, and then oxidized to HVA by MAO and
AD (figure 2.6). HVA, the most stable dopamine metabolite, is excreted in the urine
(Golan et al, 2012).
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Figure 2.6: Metabolism of dopamine.
All sympathomimetics are derived from beta-phenylethylamine. The presence of
hydroxyl groups on the 3 and 4 carbon positions of the benzene ring
(dihydroxybenzene) of beta-phenylethylamine, designates it a catechol; drugs with
this

composition

are

dihydroxyphenylethylamine

designated
is

catecholamines.

the

endogenous

For

example,

catecholamine

3,4-

dopamine.

Hydroxylation of the beta carbon of dopamine results in the endogenous
catecholamine

and

neurotransmitter

norepinephrine.

The

third

endogenous

catecholamine, epinephrine, results from methylation of the terminal amine of
norepinephrine. Addition of an isopropyl group rather than a methyl group to the
terminal amine of norepinephrine results in the synthetic catecholamine isoproterenol.
The other synthetic catecholamine, dobutamine, possesses a bulky aromatic
substituent on the terminal amine. Synthetic non-catecholamines include the betaphenylethylamine structure but lack hydroxyl groups on the 3 and 4 carbons of the
benzene ring (Stoelting and Hillier, 2005).
22

2.4.2 Physical properties
Characters : White or almost white crystalline powder
Storage : preserve in tight containers, store at room temperature (USP, 2007).
Solubility:
DA is freely soluble in water and soluble in ethanol (96%) and sparingly soluble in
acetone (Bp, 2013).
PKa: 8.9 and 10.6.
PH of solution: between 3 and 5.5 in a solution (1 in 25) (USP, 2007).

2.4.3 Stability
DA is relatively unstable to heat, light and oxygen. The presence of oxidizing agents
or trace metals such as copper or iron also increases the rate of degradation. DA is
unstable in alkaline medium (Carter, Johnson and Baaske, 1982).

2.4.4 Mechanism of action
Dopamine is a catecholamine neurotransmitter found in neurons of both the central
and peripheral nervous systems. It is stored in vesicles in axon terminals and released
when the neuron is depolarised. Dopamine interacts with specific membrane receptors
called dopamine receptors to produce its effects. These effects are terminated by reuptake into the presynaptic neuron by a dopamine transporter or by metabolic
inactivation by monoamine oxidase B (MAO-B) or catechol-o-methyltransferase
(COMT) (Crocker, 1994).
Dopamine receptors are members of the G protein-coupled family of receptor
proteins. The properties of dopamine receptors were originally classified by their
effect on the formation of cyclic AMP (cAMP): activation of D1 class receptors leads
to increased cAMP, while activation of D2 class receptors inhibits cAMP generation.
The D1 class contains two dopamine receptors (D1 and D5), while the D2 class
contains three receptors (D2, D3, and D4). There are two alternative forms of the D2
protein, D2S (i.e., short) and D2L (i.e., long), which represent alternate splice variants
of the same gene (Acton, 2013).
The D1 receptor is the most highly conserved and the most highly expressed of the
DA receptors. The highest levels of D1 receptor protein are found within the CNS,
particularly in the caudate putamen, substantia nigra pars reticulata, nucleus
accumbens, hypothalamus, frontal cortex, and olfactory bulb. The D1 receptor is also
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located in the kidney, retina, and cardiovascular system. The D2 receptor was the first
dopamine receptor to be cloned. It is expressed throughout the brain, including the
striatum, nucleus accumbens, olfactory tubercule, prefrontal cortex, amygdala, ventral
tegmental area, hippocampus, hypothalamus, and substantia nigra pars compacta. The
D3 receptor is less abundant than the D2 receptor, and is only expressed in the limbic
regions of the brain. The D4 receptor is abundantly expressed in the retina, and is also
found in the hypothalamus, prefrontal cortex, amygdala, hippocampus, and pituitary.
The D5 receptor is most highly expressed in the substantia nigra, hypothalamus,
striatum, cerebral cortex, nucleus accumbens, and olfactory tubercle (Brunton
Chabner and Knollman, 2011).
DA is used to increase cardiac output, blood pressure and urine flow as an adjunct in
the treatment of shock that persists after adequate fluid volume replacement and when
systemic vascular resistance is decreased. Dopamine activates peripheral ß1adrenoceptors to increase heart rate and contractility and activates prejunctional and
postjunctional dopamine D1-receptors in the renal, coronary, and splanchnic vessels to
reduce arterial resistance and increase blood flow. Prejunctionally, dopamine inhibits
norepinephrine release. At low doses, dopamine has a positive inotropic effect and
increases systolic pressure, with little effect on diastolic pressure or mean blood
pressure. At higher doses, dopamine activates α-receptors and causes vasoconstriction, with a reflex decrease in heart rate (Norton et al, 2008).

Available dosage forms of DA are injectable solution of 40, 80, 160 mg/mL and
infusion solution of 80, 160, 320 mg/100 mL in 5% dextrose.

2.4.5 Pharmacokinetics
DA is rapidly metabolized in the GI tract after oral administration. Its onset of action
Within 5 minutes following IV administration. Widely distributed but does not cross
the blood-brain barrier to a substantial extent, not known whether dopamine crosses
the placenta or is distributed into milk. DA is eliminated via the liver, kidneys, and
plasma by MAO and catechol-O-methyltransferase (COMT) to the inactive
compounds homovanillic acid and 3,4-dihydroxyphenylacetic acid. About 25% of a
dose of dopamine is metabolized to norepinephrine within the adrenergic nerve
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terminals. Its plasma half-life is about 2 minutes (Brunton, Chabner and Knollman,
2011)
2.4.6 Indication and dose
DA is used in cardiogenic shock in infarction or cardiac surgery.
Dose: By intravenous infusion, 2–5 micrograms/kg/minute (Califf and Roe, 2010).

2.4.7 Adverse effects
Among DA side effects were tachycardia, angina, palpitation, vasoconstriction,
hypotension, dyspnea, nausea, vomiting, headache (Bardal, Waechter and Martin,
2011).

2.4.8 Contraindications and precautions
DA is contraindicated in patients with tachyarrhythmia, phaeochromo-cytoma,
ventricular fibrillation (Venable and Aschenbrenner, 2009).

2.4.9 Drug interactions
Peripheral vasoconstriction of high dopamine doses is antagonized by α-Adrenergic
blocking agents. β-Adrenergic blocking agents antagonise the cardiac effects of DA.
Hypotension and bradycardia occur when DA is used with IV phenytoin (Griffin and
D'Arcy, 1997).

2.4.10 Analysis of DA
2.4.10.1 Official methods
European pharmacopeia, British pharmacopeia and United States pharmacopiea
described for dopamine hydrochloride analysis in bulk a titrimetric method in nonaqueous media and potentiometry for end point detection (Ph. Eur, 2007; Bp, 2013
and USP, 2007).
British pharmacopeia (2013) described for dopamine hydrochloride injection HPLC
method using column C-18 (10 cm x 4.6 mm), gradient flow with mobile phases (
disodium edetate, glacial acetic acid, acetonitrile, and sodium dodecyl sulfate (2:10:
300:700), flow rate 2.0 mL/min, and spectrophotometric detection at 280 nm (Bp,
2013).
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United States Pharmacopoeia (2007) described for dopamine hydrochloride injection
HPLC method using column C-18 (4 mm ×30 cm), mobile phase 0.005M sodium
octanesulfonate in 1% glacial acetic acid and acetonitrile [87:13], isocratic flow, flow
rate 1.5 mL/min and UV detection was at 280 nm (USP, 2007).

2.4.10.2 Spectroscopic methods
Several spectrophotometric methods have been developed for estimation of DA in
bulk and dosage forms either alone or in combination with other drugs.
A rapid and sensitive spectrophotometric method used 3-aminopyridine as a
chromogenic reagent. The method is based on the oxidative coupling reaction of
catecholamine drugs with 3-aminopyridine and sodium periodate to form an orange
water-soluble dye product that has a maximum absorption at 490 nm for DA. A linear
calibration graph was obtained over the concentration range 1-20 µg/mL. The limit of
detection was 0.30 µg/mL (Al-Abachi and Al-Da'amy, 2005).
Methyldopa and dopamine hydrochloride were determined using flow-injection
analysis (FIA) based on oxidative coupling reaction of drug with 2-furoic acid
hydrazide in the presence sodium nitroprusside in sodium hydroxide medium to form
a reddish-orange soluble product that has a maximum absorption at 487 nm. The
calibration graphs are linear from 1 to 100 µg/mL .The detection limit was 0.560
µg/mL for DA (Al-Abachi, Sinan and Haddi, 2009).
The interaction of methyldopa, levodopa and dopamine with tetrabromo-pbenzoquinone (bromanil), in borate buffer of pH 9 was studied. They formed ncharge-transfer complex showed maximum absorbance at 368 nm for dopamine.
Beer’s law was obeyed in the range of 1-30 µg/mL (Al-Sharook, 2007).
DA analysis method based on generation of a colored complex through utilizing
the known reaction of 2,6-dichloroquinone 4-chloroimide (DCQ) with phenols,
primary and secondary amines. Dopamine HCl reacted with 2,6-dichloroquinone 4chloroimide (0.12% solution in ethanol), in aqueous media at room temperature to
produce a colored product that absorbs light at λmax 470 nm. The absorbance was
linear in the range of 5 to 45µg/mL. The limit of detection was 2.5µg/mL (Idris et al,
2012).
A flow-injection method was developed on the basis of adrenaline and
dopamine hydrolysis in alkaline medium. The method was optimized by using a
spectrophotometer operating at λ = 390 nm as detector. Calibration graphs were
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linear up to 2 × 10-4 M with quantification limit of 2.5 x 10-6 M for dopamine.
Flow-injection allows the measurement of 130 samples per hour (Nevado, Gallego
and Laguna, 1996).
A method was based on a reaction between dopamine hydrochloride with the mixture
of Fe+3 and hexacynoferrate ions to form an intense Prussian blue color complex that
has a maximum absorption at 710 nm with a molar absorptivity of 2.138x104
L/mol.cm and detection limit of 0.02 ppm. Under optimum reaction conditions the
absorbances of the prussian blue colored complex were found to increase linearly with
increase in concentration of dopamine hydrochloride in the range (0.4-12ppm)
(Mahood and Hamzah, 2010) .
A method based on reacting a solution of DA at pH 12 with 4-aminoantipyrine (4AAP) to form pink coloured coupling dye product with λmax = 475 (ε = 1.46x104
L/mol.cm). The pH was adjusted using universal buffer of pH = 12. The mixtures
were shacked well and allowed to stand at 30 ± 3 °C for 30 and 35 minutes. Beer’s
law was obeyed in the concentration range from 37.90 to 170.6 mg/L (Mohamed,
Nour-El-Dien and El-Nahas, 2009).
Two methods are proposed for the determination of levodopa (LD), methyldopa,
dopamine hydrochloride, and pyrocatechol in pure and pharmaceutical preparations.
The methods are based on measurement of the absorbances of tris(ophenanthroline)iron(II) (method A) and tris(bipyridyl)iron(II) (method B) obtained by
the oxidation of the catecholamines by iron(III) in the presence of 1,10phenanthroline and 2,2'-bipyridyl at 510 and 522 nm, respectively. Beer's law was
valid over the concentration ranges of 0.05-0.70µg/mL in method A and 0.06-1.1
µg/mL in method B for DA, respectively (Nagaralli et al, 2002).
A spectrophotometric method is developed for the determination of dopamine
hydrochloride (DA) using sodium salt of N-chloro-4-methylbenzenesulphonamide
(chloramine-T) and traces of copper (II) in a buffer medium of pH 7. Beer's law is
obeyed in the range of DA concentrations of 2-20 µg/mL at the maximum absorption
of 490 nm (Nagaraja et al, 1998).
A method was developed to determine dopamine hydrochloride using potassium
ferricyanide-Fe(III) by spectrophotometry. The results show that Fe(III) is deoxidized
to Fe(II) by dopamine hydrochloride at pH 4.0, and then Fe(II) reacts with potassium
hexacyanoferrate(III) to form a soluble prussian blue KFe[Fe(CN)6]. The absorbance
of this product was monitored over time using a spectrophotometer at an absorption
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maximum of 735 nm. The apparent molar absorption coefficient for the indirect
determination of dopamine hydrochloride was 3.2 x 104 L/mol.cm (Guo, Zhang and
Li, 2009).
Catecholamine derivatives (pyrocatechol, dopamine, levodopa and methyldopa) were
assayed by oxidative coupling reaction. The first method involves the oxidation of odihydroxybenzene derivatives by N-bromosuccinimide followed by oxidative
coupling with isoniazid leading to the formation of a red-coloured products of
maximum absorbance (λmax= 480–490 nm). The second method is based on the
formation of green to blue complex (λmax= 635–660 nm) between o-dihydroxybenzene derivatives and sodium nitroprusside in the presence of hydroxylamine
hydrochloride. All measurements of the two procedures are carried out in an alkaline
medium at room temperature (Nagaraja et al, 1998).
Methods were described for the determination of o-dihydroxybenzene derivatives
using p-aminoacetophenone (for catechol, guaiacol, eugenol and dopamine),
thiosemicarbazide or isoniazid in the presence of sodium metaperiodate (Sastry, Das
and Rao, 1985).
A fluorimetric method for the determination of dopamine is developed. It is based on
the chemical reaction of quinone (produced in situ from dopamine hydrochloride in
presence of oxygen and alkali) with 1,2-phenylenediamine (OPDA) in alcoholic
medium under alkaline condition at RT. The reaction leads to a fluorescent product.
Among the common organic solvents tested, methanol was selected because of its
efficient sensitizing capacity. The behavior of dopamine in acid-base medium was
studied both by spectrofluorimetry and spectrophotometry. The fluorescence intensity
was measured at λem 530 nm (λex 450 nm). Under optimum condition a linear
relationship was obtained between the relative fluorescence intensity and
concentration of dopamine in the concentration range of 1.0 x 10-6 mol/dm to 6.6 x
10-5 mol/dm of dopamine. The limit of detection is 2.114 x 10-6 mol/dm (Subrata et al,
2004).

2.4.10.3 Chromatographic methods
A micellar electrokinetic chromatography method with laser-induced fluorescence
detection was developed to determination catecholamines (dopamine, norepinephrine
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and epinephrine) after derivatizated with 5-(4,6-dichloro-s-triazin-2-ylamino)
fluorescein. The baseline separation was achieved within 18 min with running buffer
composed of 30 mM sodium borate (pH 9.0), 40 mM sodium cholate, 4.0%
acetonitrile (v/v), and applied voltage 25 Kv. Linear range was 1.0-120 µg/mL. The
detection limits for dopamine was 0.20 ng/mL (Wang, Zhou and Cui, 2011) .
Analytical procedure has been developed for the determination of dopamine,
methyl dopa ,L-dopa and tyrosine by High Performance Liquid Chromatography
using 4-dimethylaminebenzalaldehyde as pre-column derivatizing reagent. The
separation was achieved from Phenomenex C–18, 5 µm (150×4.6 mm id) column
when eluted isocritically with methanol-acetonitrile-water (58;3;39v/v/v) and a flow
rate of 1mL/min. The detection by UV was at 280 nm. The linear calibration curves
of DA was obtained within the range of 2-10 µg/mL and limit of detection within
0.065-0.098 µg/mL (Majidano et al, 2014) .
A reverse phase chromatography with electrochemical detection is used to investigate
the stability of dopamine in various aqueous solutions. In neutral and basic solutions,
dopamine is rapidly oxidized by dissolved oxygen to form degradation products. The
results demonstrated that dopamine is stable in 0.1 N HCl solution, pH < 1. The study
indicates that EDTA can slow down the oxidation process. The detection limit for the
analysis of dopamine is 0.1 μM with 100 μl injection (Shen and Ye, 1994).
A validated HPLC method for dopamine hydrochloride determination in injectable
preparations was developed. The chromatographic analysis used a Zorbax C18
chromatographic column, 150x4.6mm, 5µm. The detection was at 280nm wavelength.
The calibration curve for DA was linear in the interval of concentration 12-40 µg/mL
(Cosmin, Marius and Ancamaria, 2009).
Another HPLC method was described to quantitate plasma DA, using a mobile phase
containing sodium acetate 6.8×103 mg, citric acid 5.9×103 mg, EDTA 48 mg, di-nbutylamine 270 µL, Na-1-octane sulfate 850 mg, methanol 100 mL pH 4.3 passed
through C18 column. Flow rate was 0.9 mL/min (Rao et al, 1989).
A rapid method has been developed based on the sample preparation procedure
named as QuEChERS (Quick, Easy, Cheap, Effective, Rugged and Safe), combined
with reversed-phasehigh performance liquid chromatography with fluorescence
detector and C18 column after pre-column derivatization using o-phthalaldehyde and
2-mercaptoethanol to determine dopamine in porcine muscle. Methanol and deionized
water (0.1% acetic acid, v/v) with a ratio of 60:40 was used as mobile phase. The flow
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rate was 0.8 mL/min and dopamine was eluted within 15 min. The linearity range was
0.003–8 µg/mL. The detection limit for dopamine was 4 µg/kg and the quantification
limit was 9 µg/kg (Zhao et al, 2011).
A separation of the three catecholamines norepinephrine, epinephrine and dopamine
using internal standard 3,4-dihydroxybenzylamine was performed using gradient
analysis on a reversed phase column Zorbax SB-C18 (4.6 x 75 mm , 3.5 µM). The
mobile phases were A: 0.025 M KH2PO4 + 0.3 mM heptanesulfonic acid in water
(pH = 3) and B: acetonitrile. The flow rate was 1.0 mL/min and detection by UV at
204 nm. The limit of detection was 0.2 μg/mL (Huber, 1998).
HPLC was employed for quantitative analysis of nor-epinephrine, epinephrine and
dopamine in plasma. The method involved direct injection of plasma from rats in a
serum albumin dimethyloctyl-silica-gel (HSA-C18) and the utilization of phosphate
buffer (pH=6.0): acetonitrile (97.5:2.5 v/v) and 0.01 g heptanosulphonic acid as
mobile phase with a flow rate of 1.0 mL/min at 25ºC. The limit of quantification was
0.156 × 103 μg/mL for all catecholamines. At 205 nm, the linearity range from 0.625×
103 to 5.0× 103 μg/mL (Sanchez, Menezes and Pereira, 2001).
Dopamine, norepinephrine, octopamine, tyramine, and 3,4-dihydroxybenzylamine
react readily with naphthalene-2,3-dicarboxaldehyde in the presence of cyanide ion
under mild conditions to give highly fluorescent cyanobenz[f]isoindole (CBI)
products. The CBI products exhibit good solution chemical stability. The highfluorescence quantum efficiency of the CBI fluorophore and the ability to excite these
adducts in the visible region (420-450 nm) enhance the sensitivity and selectivity of
this derivatization detection technique. The CBI products of catecholamines and
"trace" amines are readily separated by reverse-phase HPLC giving detection limits in
the 20 to 60 fmol range. A prechromatographic derivatization HPLC assay for the
trace analysis of dopamine and norepinephrine in urine is described (Kawasaki et al,
1989).

2.4.10.4 Others:
A method for the voltammetric determination of dopamine and norepinphrine based
on poly(L-aspartic acid) modified glassy carbon electrode was reported .The modified
electrode exhibits excellent electro-catalytic activities for the oxidation–reduction of
DA and NE, as well as eliminating the interference of ascorbic acid and uric acid.
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Under the optimal conditions, linear range was 1.1 ×10−4 - 1.2 ×10−8 mol/L. The
detection limit was 1.0 ×10−9 mol/L for DA (YU et al, 2012).
Dopamine determinations in pharmaceutical preparations based on its oxidation with
periodate (IO4−) using a new IO4−-selective electrode under flow conditions is
presented. An electrode with a tubular configuration, no internal reference solution,
and a PVC (31.2%) membrane, with metaperiodate bis(triphenylphosphoranylidene)ammonium (1.3%) as ion exchanger and 2-nitrophenyloctylether (67.5%) as mediator
solvent, was used. Optimization procedures were directed at potentials versus
dopamine readings instead of potential versus the remaining IO4−. This approach was
achieved by selecting a 50-cm reactor and an overall flow of 7 mL/min, and injecting
70 μL of dopamine standards in a 3.0 × 10−4 M IO4− solution. Under these conditions,
a linearity range of 8.0 to 270 μg/mL, with a slope of 310.1 ± 7.4 mV L/g and a
reproducibility of ±0.4 mV, were recorded (n = 8).. A simple and inexpensive flowinjection analysis (FIA) manifold, with a good potentiometric detector, enabled the
analysis of 200 samples/h without requiring pretreatment procedures (Montenegro
and Sales, 2000) .
A polymerized film of 2-hydroxy-1-(1-hydroxynaphthyl-2-azo)-naphthalin-4-sulfonic
acid was prepared at the surface of a glassy carbon electrode by electropolymerization. The modified electrode was used for the simultaneous determination
of dopamine and uric acid. The experimental results indicated that the modified
electrode exhibited an efficient electrocatalytic activity towards the oxidation of DA
and uric acid, with a peak separation of about 140 mV at pH 5.0 (Ensafi, Tehrani and
Rezaei, 2010).
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2.5 Validation of an analytical method
Analytical methods are intended to establish the identity, purity, physical
characteristics and potency of the drugs. Methods are developed to support drug
testing against specifications during manufacturing and quality release operations, as
well as during long-term stability studies. Methods may also support safety and
characterization studies or evaluations of drug performance (Swartz and Krull, 1997).
Analytical method development and validation play a major role in the discovery,
development, and manufacture of pharmaceuticals. Method validation is defined as
the "process of demonstration that analytical procedures are suitable for their intended
purpose" (ICH, 2005). The analytical procedure is refers to the way of performing the
analysis. It should describe in detail the steps necessary to perform each analytical
test. This may include but is not limited to: the sample, the reference standard and the
reagents preparations, use of the apparatus, generation of the calibration curve, use of
the formula for the calculation, etc (ICH, 2005).
According to the ICH guidelines, the most common types of analytical procedures
which need validation are: (i) identification tests, which intended to ensure the
identity of an analyte in a sample; (ii) quantitative tests of the active moiety in
samples of drug substance or drug product or other selected component(s) in the drug
product (assay), which intended to measure the analyte present in a given sample. On
the other hand, it represents a quantitative measurement of the major component(s) in
the drug product; (iii) quantitative tests for impurities’ content and (iv) limits tests for
the control of impurities.
Requirements for method validation are clear for new drug applications and many
other worldwide marketing applications. These requirements are specified in
documents from the ICH guidelines (ICH, 2005) and pharmacopeias (USP, 2004). It
allows the analyst to understand the behavior of the method and to establish the
performance limits of the method. Typical validation characteristics which should be
considered are mentioned below according to ICH guidelines (ICH, 2005).

2.5.1 Linearity
The linearity of an analytical procedure is to obtain a linear response of results versus
concentration (amount) of analyte (within a given range). For the establishment of
linearity, a minimum of 5 concentrations is recommended.
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2.5.2 Range
The range of an analytical procedure is the interval between the upper and lower
concentration (amounts) of analyte in the sample for which it has been demonstrated
that the analytical procedure has a suitable level of precision, accuracy and linearity.

2.5.3 Accuracy
The accuracy of an analytical procedure expresses the closeness of agreement
between the value which is accepted either as a conventional true value or an accepted
reference value and the value found. In other words, it's an assessment of the
difference between the measured value and the true value.

2.5.4 Specificity
Specificity is the ability to asses unequivocally the analyte in the presence of
components which may be expected to be present. Typically these might include
impurities, degradants, matrix, etc. Lack of specificity of an individual analytical
procedure may be compensated by other supporting analytical procedure(s).
2.5.4.1 Identification
Suitable identification tests are to ensure the identity of an analyte presence and to
discriminate between compounds of closely related structures which are likely to be
present.
2.5.4.2 Assay and impurity test(s)
These tests are to ensure that all the analytical procedures performed allow an
accurate statement of the content of an analyte in the presence of impurities and/or
excipients.

2.5.5 Precision
The precision of an analytical procedure expresses the closeness of agreement (degree
of scatter) between a series of measurements obtained from multiple sampling of the
same homogeneous sample under the prescribed conditions. Precision may be
considered at three levels (Repeatability, intermediate precision and reproducibility).

2.5.5.1 Repeatability
Its expresses the precision under the same operating conditions over a short interval of
time. Repeatability is also termed intra-assay precision.
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2.5.5.2 Intermediate precision
Intermediate precision is a measure of precision within the same laboratory by
different operators, using different instruments and making measurements on different
days. It's also referred as inter-assay precision.

2.5.5.3 Reproducibility
Reproducibility expresses the precision between laboratories. In other words, it's the
ability to give similar response for the same amount of analyte at different periods of
time in different laboratories.
The precision of an analytical procedure is usually expressed as the variance, standard
deviation or coefficient of variation of a series of measurements.

2.5.6 LOD
The detection limit of an analytical procedure is the lowest amount of analyte in a
sample which can be detected but not necessarily quantitated as an exact value.
Detection limit are based on visual evaluation, signal-to-noise, standard deviation of
the response and the slope, standard deviation of the blank or based on the calibration
curve.

2.5.7 LOQ
The quantitation limit of an analytical procedure is the lowest amount of analyte in a
sample which can be quantitatively determined with suitable precision and accuracy.
The quantitation limit is a parameter of quantitative assays for low levels of
compounds in sample matrices and is used particularly for the determination of
impurities and/or degradation products. It's based on visual evaluation, signal-tonoise, standard deviation of the response and the slope, standard deviation of the
blank or based on the calibration curve.

2.5.8 Robustness
The robustness of an analytical procedure is a measure of its capacity to remain
unaffected by small, but deliberate variations in method parameters and provides an
indication of its reliability during normal usage. If measurements are susceptible to
variations in analytical conditions, the analytical conditions should be suitably
controlled or a precautionary statement should be included in the procedure.
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Chapter 3
Methodology
3.1 Study design
This study is an analytical experimental study. Both cefadroxil monohydrate and
dopamine hydrochloride will
spectrophotometric

be subjected to

determination

after

quantitative analysis

derivatization

with

using
2,4-

dinitrophenylhydrazine.
3.2 Ethical consideration
This study does not deal with human, so ethical consideration is not required.
Name of companies will not be published.
3.3 Limitation of the study
Lack of fund and the high cost of materials and equipments, as well as the limited
resources such as books and journals were obstacles in the study. Israeli siege on
Gaza Strip, also leads to delay or unavailability of chemicals and instruments.
3.4 Instruments and materials
3.4.1 Instruments
1. UV/Vis spectrophotometer
(SHIMADZU UV-1601 with UV-Pro software) and (PerkinElmer Lambda 25 with
V5 ES software).
2. UV-lamp.
3. Water bath.
4. pH meter (SHIMADZU).
3.4.2 Materials and reagents
1. Standards: Cefadroxil monohydrate and dopamine hydrochloride were
purchased from (Merck, Germany).
2. Solvents: Methanol, sulfuric acid and distilled water. Solvents were delivered
from FRUTAROM-LTD, Gaza.
3. Substances: Biodroxil capsule ( cefadroxil monohydrate 500 mg/capsule) and
suspension (250mg/5mL) "Sandoz GmbH, Kundl-Austria", Cefadrox tablet (500
mg/tablet) "Birzeit pharmaceutical company, Birzeit, Palestine", were purchased
from local pharmacy in Gaza.
Dopamine Fresenius concentrate ampules for infusion "200mg/5mL, Fresenius
Kabi, Turkey", Dopamine HCl and 5 % Dextrose injection "800 µg/mL dopamine
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hydrochloride and 5% dextrose, Baxter, Canada", were obtained from hospital
pharmacy (El-Shefa hospital, Gaza).
2,4-dinitrophenylhydrazine, potassium periodate, sodium hydroxide (Sigma-Aldrich
Laborchemikalien GmbH, Germany).
Glyceryl monostearate, magnesium stearate, titanium dioxide, talc, starch, lactose,
povidone, dextrose, sodium bisulphite were of proanalyse (P.A) grade.
4. Materials: Cuvette (Quartz), graduated pipette and volumetric flasks of different
sizes (10, 50, 100, 250 and 500 mL) were purchased from local companies.

3.5 Data analysis
Data analysis was carried out by using statistical package of social science (SPSS)
program version 16 (SPSS, 2007) as follows:
1. Data coding and entry.
2. Statistical examinations (One way ANOVA and t-test).
3. The significance of the results was determined according to the p-value.

3.6 CFX derivatization method
3.6.1 Reagents
All employed chemicals were of analytical grade.
3.6.1.1 2,4-DNP solution 0.1% (w/v)
0.1 g of 2,4-DNP was accurately weighed and transferred into 100 mL volumetric
flask, dissolved in 2.5 mL concentrated sulfuric acid and completed up the volume
with distilled water. The solution was freshly prepared and protected from light
during the use because it is light sensitive.
3.6.1.2 PPI solution 0.15% (w/v)
0.15 g of potassium periodate (PPI) was accurately weighed and transferred into a 100
mL volumetric flask, dissolved and completed the volume with distilled water.
3.6.1.3 NaOH solution10 M
40 g of NaOH was accurately weighed and transferred into a volumetric flask,
dissolved and completed the volume with distilled water to 100 mL.
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3.6.2 CFX Standard solution
CFX stock solution (0.25 mg/mL) was prepared by dissolving 25 mg of CFX
monohydrate base powder in 100 mL distilled water. Working solutions were
prepared by diluting the stock solution. The stock solution was freshly prepared
during the use.

3.6.3 Selection of analytical wavelength for chromogen
Two 10 mL volumetric flasks were taken and to each one, 1.2 mL and 1.6 mL of CFX
solution (0.25 mg/mL) were added, then 1.5 mL 2,4-DNP solution and 1.5 mL PPI
and 0.5 mL NaOH were added to obtain 30 and 40 µg/mL as final concentrations,
respectively. After the development of the red color at room temperature, the volume
was completed with distilled water. The absorption spectra and absorption maxima of
chromogen were determined against a blank.
3.6.4 Optimization of reaction conditions
All of these measurements were made in triplicate, and the mean of each variable was
calculated.
3.6.4.1 Effect of 2,4-DNP concentration
The effect of 2,4-DNP concentration was carried out using reagent concentration of
0.03, 0.05, 0.08, 0.1, and 0.2% (w/v). 1.5 mL of each reagent concentration was added
to 1.2 mL CFX solution (0.25 mg/mL) and then 1.5 mL PPI and 0.5 mL NaOH were
added in 10 mL volumetric flasks at room temperature. The mixture was mixed and
volume was completed with distilled water immediately. The absorbances of the
products formed were measured at 515 nm against a blank, which was prepared for
each tested concentration of 2,4-DNP.
3.6.4.2 Effect of volume of 2,4-DNP 0.1% (w/v)
The effect of volume of 2,4-DNP 0.1% (w/v) was carried out using different volumes.
They were 0.5, 1.0, 1.5, 2.0, and 2.5 mL. Each of these volumes was added to 1.2 mL
CFX solution (0.25 mg/mL) in 10 mL volumetric flask followed by 1.5 mL PPI and
0.5 mL NaOH. The reaction proceeded at room temperature. The mixture was mixed
and volume was completed with distilled water immediately. The absorbance was
measured at 515 nm against a blank, which was prepared for each tested volume.
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3.6.4.3 Effect of PPI concentration
The effect of varying PPI concentration was carried out using reagent concentrations
of 0.04, 0.08, 0.15, 0.20 and 0.25 % (w/v). 1.5 mL of each reagent concentration was
added to 1.2 mL CFX solution (0.25 mg/mL) and 1.5 mL 2,4-DNP and then 0.5 mL
NaOH were added in 10 mL volumetric flasks at room temperature. The mixture was
mixed and volume was completed with distilled water immediately. The absorbances
of the products formed were measured at 515 nm against a blank, which was prepared
for each tested concentration of PPI.
3.6.4.4 Effect of volume of PPI 0.15% (w/v)
The effect of 0.15% (w/v) PPI volume was carried out using different volumes. They
were 0.5, 1.0, 1.5, 2.0, and 2.5 mL were added to 1.2 mL CFX solution (0.25 mg/mL)
followed by 1.5 mL 2,4-DNP and 0.5 mL NaOH in 10 mL volumetric flasks
consequently at room temperature. The volume was completed with distilled water
immediately. The absorbance was measured at 515 nm against a blank, which was
prepared for each tested volume.
3.6.4.5 Effect of NaOH concentration
The effect of varying NaOH concentration was carried out using reagent
concentrations of 5, 7 and 10 M. 0.5 mL of each reagent was added to 1.2 mL CFX
solution (0.25 mg/mL) and 1.5 mL 2,4-DNP and 1.5 mL PPI in 10 mL volumetric
flasks at room temperature. The mixture was mixed and volume was completed with
distilled water immediately. The absorbances of the products formed were measured
at 515 nm against a blank, which was prepared for each tested concentration.
3.6.4.6 Effect of volume of NaOH 10 M
The effect of 10 M NaOH volume was carried out using different volumes of 0.2, 0.5,
1.0, 1.5, and 2.0 mL. Each of these volumes was added to 1.2 mL CFX solution (0.25
mg/mL), 1.5 mL 2,4-DNP and 1.5 mL PPI in 10 mL volumetric flasks at room
temperature. The mixture was mixed and volume was completed with distilled water
immediately. The absorbances of the products formed were measured at 515 nm
against a blank, which was prepared for each tested volume.
3.6.4.7 Effect of temperature
The effect of temperature and time on the reaction was studied by carrying out the
reaction at different temperatures (25-60 °C) for (15 min). 1.2 mL CFX solution (0.25
mg/mL), 1.5 mL 2,4-DNP, 1.5 mL PPI and 0.5 mL NaOH solution were mixed in 10
mL volumetric flask. The mixture was allowed to stand at room temperature (25 °C)
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and heated at different temperature; 40 and 60 ± 3 °C. After cooling to room
temperature the mixture was diluted with distilled water and the absorption at 515 nm
was measured against a blank, which was prepared for each tested temperature.
3.6.4.8 Effect of reaction time
The effect of time on the reaction was studied by carrying out the reaction at different
time periods (0 to 60 minute). 1.4 mL CFX solution (0.25 mg/mL), 1.5 mL 2,4-DNP,
1.5 mL PPI and 0.5 mL NaOH solution were mixed in 10 mL volumetric flask. The
mixture was allowed to stand at room temperature (25 °C) for each tested time period.
Then the mixture was diluted with distilled water and the absorption at 515 nm was
measured against a blank was prepared for each tested reaction time.
3.6.4.9 Effect of order of addition
The effect of reagent addition was carried out in different orders as described in the
table 3.1.
Table 3.1: Order of addition of reagents for CFX analysis.
No.

of First

Second

Third

Fourth

flask
1

CFX

2,4-DNP PPI

NaOH

2

CFX

PPI

2,4-DNP NaOH

3

CFX

NaOH

PPI

4

CFX

NaOH

2,4-DNP PPI

5

2,4-DNP PPI

CFX

NaOH

6

2,4-DNP PPI

NaOH

CFX

2,4-DNP

0.6 mL CFX (0.25 mg/mL) solution, 1.5 mL 2,4-DNP, 1.5mL PPI and 0.5 mL NaOH
solution in different orders were mixed in 10 mL volumetric flasks. The mixture was
diluted with distilled water. The absorbance was measured at 515 nm against a blank,
which was made in the same order of the test.
3.6.4.10 Stability of chromogen
The procedure was followed as described under 3.6.3 for CFX (50µg/mL). The effect
of time on the stability of chromogen was studied by following the absorption
intensity of the reaction solution (after dilution measured λmax =515 nm) at different
time intervals up to 3 hours.

39

3.6.5 Determination of stoichiometric ratio
Job's method
The Job's method of continuous variation (Job, 1964) was employed. Equimolar
(2*10-3 M) aqueous solutions of 2,4-DNP and CFX were prepared. Series of 1 mL
portions of the solutions of 2,4-DNP and CFX were made up comprising different
complementary proportions (0:1, 0.1:0.9, 0.2:0.8, 0.3:0.7, 0.4:0.6, 0.5:0.5, 0.6:0.4,
0.7:0.3, 0.8:0.2, 0.9:0.1 and 1:0) in 10 mL volumetric flasks, respectively. The
solutions were carried out employing the general procedures described in section
3.6.3. The mole fractions of 2,4-DNP were calculated and plotted versus absorbances
obtained. The mole ratio of 2,4-DNP and CFX was determined.

3.6.6 Validation of CFX method
3.6.6.1 Linearity
0.3, 0.6, 1.2, 2.0, and 3.0 mL of CFX solution (0.25 mg/mL) were transferred into a
series of 10 mL volumetric flasks to have final concentration ranged from 7.5-75
µg/mL. To each solution, 1.5 mL 0.1% 2,4-DNP, 1.5 mL 0.15% PPI and 0.5 mL 10M
NaOH were added and mixed gently. The mixtures were diluted with distilled water at
room temperature and the absorbances were measured at 515 nm against blank
solution. The concentrations of CFX 7.5, 15, 30, 50, and 75µg/mL were plotted versus
absorption. The regression line and correlation coefficient were evaluated, as well as
the validity of regression line was verified by statistical analysis (n=5).
3.6.6.2 Range
The specified range is normally derived from linearity studies and it is the interval
between the upper and lower concentration of the CFX.
3.6.6.3 Accuracy
Accuracy was determined by adding known quantities of the CFX standard (50%,
100% and 150%, w/v) to a preanalyzed drug product of three different concentrations
(10, 20, and 30 µg/mL) and determined as percent recovery by the following
equation;
% Recovery = [(Ct-Cs) / Ca] х 100
Ct: total drug measured after standard addition.
Cs: drug concentration in the formulation sample.
Ca: drug concentration added to formulation.
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3.6.6.4 Specificity
Specificity according to ICH guidelines (ICH, 2005), consists of identification test
and the assay of the analyte.
3.6.6.4.1 Identification
The identification test was confirmed by obtaining positive results from samples
containing the CFX, coupled with negative results from samples which do not contain
CFX. This was achieved by comparing the absorption at the same wavelength of
chromogen against blank versus blank against water.
3.6.6.4.2 Assay
The assay of the method was demonstrated by adding appropriate levels of excipients
to the drug and calculating the percent of drug recovery. Samples were prepared by
mixing 10 and 50 mg of standard CFX powder with various amounts of common
excipients such as glyceryl monostearate 50 mg, lactose 50 mg, starch 50 mg, talc 50
mg, titanium dioxide 50 mg, povidone 10 mg, magnesium stearate 10 mg, silicon
dioxide 50 mg, sucrose 50 mg, saccharin 50 mg, Peach Flavoring powder10 mg,
polysorbate(80) 50 mg, sodium benzoate 50 mg, xanthan gum 50 mg and FD&C
yellow no 6 10 mg in several 100 mL volumetric flasks. After mixing and filtration
of each solution, 1 mL of each solution was mixed with 1.5 mL 2,4-DNP (0.1% w/v),
1.5 mL PPI (0.15%, w/v) and 0.5 mL NaOH (10 M) in 10 mL volumetric flask at
room temperature. Then procedures were continued as described previously.
3.6.6.5 Precision
3.6.6.5.1 Repeatability
Repeatability was assessed using three different concentrations; 15, 30, 50 µg/mL of
the drug. Five replicates were measured for each concentration. The relative standard
deviation (RSD) was calculated for each concentration.
3.6.6.5.2 Intermediate Precision
The effect of random events on the precision of the analytical procedure was studied
in different days by repeating the procedure for different concentrations; 10, 30, 50
µg/mL of the drug over six consecutive days. The RSD was calculated for each
concentration.
3.6.6.6 LOD
The detection limit was expressed using the following formula (ICH, 2005);
LOD = 3.3 σ / S
σ: residual standard deviation of the regression line.
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S: slope of the regression line.
3.6.6.7 LOQ
It is calculated from the following formula (ICH, 2005);
LOQ = 10 σ / S
σ: residual standard deviation of the regression line.
S: slope of the regression line.
3.6.6.8 Robustness
Robustness was examined by evaluating the influence of small variation in the
method variables on its analytical performance. The variables tested were the
concentration (% w/v) and volume of 2,4-DNP and PPI, the molarity and volume of
NaOH solution, temperature and time of the reaction. One parameter was changed
while the others were kept unchanged and recovery percentage was calculated each
time.
3.6.6.9 Ruggedness (inter-laboratory precision)
Ruggedness was assessed by means of different laboratories. It was assessed by
replicating the procedure for three concentrations; 10, 30, 50 µg/mL of the drug three
times in two different laboratories with different spectrophotometer (SHIMADZU
UV-1601, Japan and PerkinElmer Lambda 25, England). The RSD was calculated for
each concentration.

3.6.7 Analysis of commercial pharmaceutical product
3.6.7.1 Analysis of capsules and tablets
Pharmaceutical dosage forms were subjected to the analysis of their CFX content by
2,4-DNP method and reference method (Dey et al, 2010). Capsules and tablets (n
=10) were weighed, crushed and their contents mixed thoroughly. An accurately
weighed portion of powder equivalent to the labeled strength (25 mg) CFX was taken
into a 100 mL volumetric flask containing about 75 mL of distilled water. This was
shaken thoroughly for about 5–10 min, filtered with Whatman filter paper to remove
insoluble matter and diluted with distilled water to prepare 250μg/mL solution. To the
sample solution (1.6 mL), 1.5 mL 2,4-DNP (0.1%) , 1.5 mL PPI (0.15% ) and 0.5 mL
NaOH (10 M) were added. The mixture was gently shaken at room temperature. The
contents were diluted to 10 mL with distilled water. The absorbances were measured
at 515 nm against blank solution. The result was compared with reference method
result by statistical analysis (t-test).
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3.6.7.2 Analysis of suspension
The content of three bottles of CFX-suspensions was mixed and accurate amount
equivalent to 25 mg should be transferred to 100 mL volumetric flask containing
about 75 mL of distilled water. This was shaken thoroughly for about 5–10 min,
filtered with Whatman filter paper to remove insoluble matter and diluted with
distilled water to prepare 250μg/mL solution. This solution was analyzed as described
for capsules and tablets analytical procedure.
3.7 DA derivatization method
3.7.1 Reagents
3.7.1.1 2,4-DNP solution 0.1% (w/v)
0.1 g of 2,4-DNP was accurately weighed and transferred into 100 mL volumetric
flask, dissolved in 2.5 mL concentrated sulfuric acid and completed up the volume
with distilled water. The solution was freshly prepared and protected from light
during the use.
3.7.1.2 PPI solution 0.15% (w/v)
0.15 g of potassium periodate was accurately weighed and transferred into a 100 mL
volumetric flask, dissolved and completed the volume with distilled water.
3.7.1.3 NaOH solution 10 M
40 g of NaOH was accurately weighed and transferred into a 100 mL volumetric
flask, dissolved and completed the volume with distilled water.

3.7.2 DA Standard solution
DA stock solution (0.2 mg/mL) was prepared by dissolving 20 mg of DA
hydrochloride powder in 100 mL distilled water. Working solutions were prepared by
dilution the stock solution. The stock solution was freshly prepared during the use.

3.7.3 Selection of analytical wavelength for chromogen
Two 10 mL volumetric flasks were taken and to each one, 0.5 mL and 1.5 mL of DA
solution (0.2 mg/mL) were added, followed by 1.0 mL 2,4-DNP (0.1% ) solution and
1.0 mL PPI (0.15%) and 0.5 mL NaOH (10M) to obtain 10 and 30 µg/mL as final
concentrations, respectively. After the development of the deep violet color at room
temperature, the flasks were completed with distilled water. The absorption spectra
and absorption maxima of chromogen were determined against a blank, which was
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prepared from 1.0 mL 2,4-DNP (0.1% ) solution and 1.0 mL PPI (0.15% ) and 0.5 mL
NaOH (10M) without DA.

3.7.4 Optimization of reaction conditions
All of these measurements were made in triplicate, and the mean of each variable was
calculated.
3.7.4.1 Effect of 2,4-DNP concentration
The effect of varying 2,4-DNP concentration was carried out using various reagent
concentrations of 0.03, 0.05, 0.08, 0.1, and 0.2 %. 1.0 mL of each reagent
concentration was added to 1.0 mL DA solution (0.2 mg/mL) and then1.0 mL PPI
0.15% and 0.5 mL NaOH 10 M were added in 10 mL volumetric flasks at room
temperature. The volume was completed with distilled water immediately. The
absorbances of the products formed were measured at 560 nm against a blank, which
was prepared for each tested concentration.
3.7.4.2 Effect of volume of 2,4-DNP 0.1% (w/v)
The effect of volume of 2,4-DNP 0.1% (w/v) was carried out using different volumes
of 0.5, 1.0, 1.5, 2.0 , and 2.5 mL. Each of these volumes was added to 1.0 mL DA
solution (0.2 mg/mL) and then1.0 mL PPI (0.15%) and 0.5 mL NaOH (10M) were
added at room temperature in 10 mL volumetric flasks. The volume was completed
with distilled water immediately. The absorbance was measured at 560 nm against a
blank was prepared for each tested volume.
3.7.4.3 Effect of PPI concentration
The effect of varying PPI concentration was carried out using reagent concentration of
0.04, 0.08, 0.15, 0.20 and 0.25 %. 1.0 mL of each reagent concentration was added to
1.0 mL DA solution (0.2 mg/mL) and 1.0.mL 2,4-DNP (0.1% ) and then 0.5 mL
NaOH (10M) were added in 10 mL volumetric flasks at room temperature. The
volume was completed with distilled water immediately. The absorbances of the
products formed were measured at 560 nm against a blank was prepared for each
tested concentration.
3.7.4.4 Effect of volume of PPI 0.15% (w/v)
The effect of volume of 0.15% (w/v) PPI was carried out using different volumes of
0.5, 1.0, 1.5, 2.0, and 2.5 mL. Each of these volumes was added to 1.0 mL DA
solution (0.2 mg/mL) and 1.0 mL 2,4-DNP (0.1% ) and then 0.5 mL NaOH (10M )
were added at room temperature in 10 mL volumetric flasks. The volume was
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completed with distilled water immediately. The absorbance was measured at 560 nm
against a blank was prepared for each tested volume.
3.7.4.5 Effect of NaOH concentration
The effect of varying PPI concentration was carried out using reagent concentration of
5, 7, and 10M. 0.5 mL of each reagent concentration was added to 1.0 mL DA
solution (0.2 mg/mL) and 1.0 mL 2,4-DNP (0.1%) and 1.0 mL PPI (0.15%) in 10
mL volumetric flasks at room temperature. The volume was completed with distilled
water immediately. The absorbances of the products formed were measured at 560 nm
against a blank was prepared for each tested concentration.
3.7.4.6 Effect of volume of NaOH 10M
The effect of 10 M NaOH volume was carried out using different volumes of 0.2, 0.5,
1.0, 1.5, and 2.0 mL. Each of these volumes was added to 1.0 mL DA solution (0.2
mg/mL) and 1.0 mL 2,4-DNP (0.1%) and 1.0 mL PPI (0.15%) in 10 mL volumetric
flasks at room temperature. The volume was completed with distilled water
immediately. The absorbances of the products formed were measured at 560 nm
against a blank was prepared for each tested volume.
3.7.4.7 Effect of temperature
The effect of temperature and time on the reaction was studied by carrying out the
reaction at different temperatures (25-60 °C) for (5-15 min). 1.5 mL DA solution (0.2
mg/mL), 1.0 mL 2,4-DNP (0.1%) and 1.0 mL PPI (0.15%) and 0.5 mL NaOH
(10M) were mixed in 10 mL volumetric flask. The mixture was allowed to stand at
room temperature (25 °C) and heated at different temperature; 40 and 60 ± 3 °C. After
cooling to room temperature the mixture was diluted with distilled water and the
absorption at 560 nm was measured against a blank, which was prepared for each
tested temperature.
3.7.4.8 Effect of reaction time
The effect of time on the reaction was studied by carrying out the reaction at different
time periods (0 to 60 minute). 1.0 mL DA solution (0.2 mg/mL), 1.0 mL 2,4-DNP
(0.1%) and 1.0 mL PPI (0.15%) and 0.5 mL NaOH (10M) were mixed in 10 mL
volumetric flask. The mixture was allowed to stand at room temperature (25 °C) for
each tested time period. Then the mixture was diluted with distilled water and the
absorption at 560 nm was measured against a blank, which was prepared for each
tested time.

45

3.7.4.9 Effect of order of addition
The effect of order of reagent addition was carried out by testing different orders as
described in the table 3.2.
Table 3.2: Order of addition of reagents for DA analysis.
No.

of First

Second

Third

Fourth

flask
1

DA

2,4-DNP PPI

NaOH

2

DA

PPI

2,4-DNP NaOH

3

DA

NaOH

PPI

4

DA

NaOH

2,4-DNP PPI

5

2,4-DNP PPI

DA

NaOH

6

2,4-DNP PPI

NaOH

DA

2,4-DNP

0.5 mL DA (0.2 mg/mL) solution, 1.0 mL 2,4-DNP (0.1%) and 1.0 mL PPI (0.15%)
and 0.5 mL NaOH (10M) in different orders were mixed in 10 mL volumetric flasks.
The mixture was diluted with distilled water. The absorbance was measured at 560
nm against a blank, which was made in the same order of the test.
3.7.4.10 Stability of chromogen
The effect of time on the stability of chromogen was studied by following the
absorption intensity of the reaction solution (after dilution) at λmax= 560 nm at
different time intervals up to 3 hours.

3.7.5 Determination of stoichiometric ratio
Job’s method
The Job's method of continuous variation (Job, 1964) was employed. Equimolar
(3*10-3 M) aqueous solutions of 2,4-DNP and DA were prepared. Series of 1 mL
portions of the solutions of 2,4-DNP and DA were made up comprising different
complementary proportions (0:1, 0.1:0.9, 0.2:0.8, 0.3:0.7, 0.4:0.6, 0.5:0.5, 0.6:0.4,
0.7:0.3, 0.8:0.2, 0.9:0.1 and 1:0) in 10 mL volumetric flasks, respectively. The
solutions were carried out employing the general procedures described in section
3.7.3. The mole fractions of 2,4-DNP were calculated and plotted versus absorbances
obtained. The mole ratio of 2,4-DNP and DA was determined.
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3.7.6 Validation of DA method
3.7.6.1 Linearity
0.125, 0.25, 1.0, 2.0 and 2.5 mL of DA solution (0.2 mg/mL) were transferred into a
series of 10 mL volumetric flasks. To each solution, 1.0 mL 0.1% 2,4-DNP, 1.0 mL
0.15% PPI and 0.5 mL NaOH were added and mixed gently. The mixtures were
diluted with distilled water at room temperature and the absorbances at 560 nm were
measured against a blank. The concentrations of DA 2.5, 5, 20, 40, and 50 µg/mL
were plotted versus absorption. The regression line and correlation coefficient were
evaluated, as well as the validity of regression line was verified by statistical analysis
(n=5).
3.7.6.2 Range
The specified range is normally derived from linearity studies and it is the interval
between the upper and lower concentration of the DA in the sample.
3.7.6.3 Accuracy
Accuracy was determined by adding known quantities of the DA standard (50%,
100% and 150%, w/v) to a preanalyzed drug product of three different concentrations
(10, 15 and 20 µg/mL) and determined as percent recovery by the following equation;
% Recovery = [(Ct-Cs) / Ca] х 100
Ct: total drug measured after standard addition.
Cs: drug concentration in the formulation sample.
Ca: drug concentration added to formulation.
3.7.6.4 Specificity
Specificity according to ICH guidelines (ICH, 2005), consists of identification test
and the assay of the analyte.
3.7.6.4.1 Identification
The identification test was confirmed by obtaining positive results from samples
containing the DA, coupled with negative results from samples which do not contain
DA. This was achieved by comparing the absorption at the same wavelength of
chromogen against blank versus blank against water.
3.7.6.4.2 Assay
The assay of the method was demonstrated by adding appropriate levels of excipients
to the drug and calculating the percent of drug recovery. Samples were prepared by
mixing 10 and 40 mg of standard DA powder with various amounts of common
excipients such as sodium bisulphite 50 mg (in ampoules for infusion) and dextrose
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5.0 g (in premixed ready to use solution) in several 100 mL volumetric flasks. After
mixing and filtration of each solution, 1.0 mL of each solution was mixed with 1.0
mL 2,4-DNP (0.1%) and 1.0 mL PPI (0.15%) and 0.5 mL NaOH (10M) in 10 mL
volumetric flask at room temperature. Then procedures were continued as described
3.7.6.5 Precision
3.7.6.5.1 Repeatability
Repeatability was assessed using three different concentrations 5, 20, and 40 µg/mL
of the drug. Five replicates were measured for each concentration. The relative
standard deviation (RSD) was calculated for each concentration.
3.7.6.5.2 Intermediate Precision
The effect of random events on the precision of the analytical procedure was studied
in different days by repeating the procedure for different concentrations; 5, 20, and 40
µg/mL of the drug over six consecutive days. The RSD was calculated for each
concentration.
3.7.6.6 LOD
The detection limit was expressed using the following formula (ICH, 2005);
LOD = 3.3 σ / S
σ: residual standard deviation of the regression line.
S: slope of the regression line.
3.7.6.7 LOQ
It is calculated from the following formula (ICH, 2005);
LOQ = 10 σ / S
σ: residual standard deviation of the regression line.
S: slope of the regression line.
3.7.6.8 Robustness
Robustness was examined by evaluating the influence of small variation in the
method variables on its analytical performance. The variables tested were the
concentration (w/v %) and volume of 2,4-DNP and PPI, the molarity and volume of
NaOH solution, temperature and time of the reaction. One parameter was changed
while the others were kept unchanged and recovery percentage was calculated each
time.
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3.7.6.9 Ruggedness (inter-laboratory precision)
Ruggedness was assessed by means of different laboratories. It was assessed by
replicating the procedure for three concentrations; 5, 20, and 41µg/mL of the drug
three times in two different laboratories with different spectrophotometer
(SHIMADZU UV-1601, Japan and PerkinElmer Lambda 25, England). The RSD was
calculated for each concentration.

3.7.7 Analysis of commercial pharmaceutical product
3.7.7.1 Analysis of ampules
The content of three ampules for DA was mixed and an accurately measured volume
equivalent to 20 mg DA was transferred in 100 mL volumetric flask. Using distilled
water to bring the volume up to 100 mL. 1.0 mL of the solution was transferred into
10 mL volumetric flask followed by 1.0 mL 2,4-DNP (0.1%), 1.0 mL PPI (0.15%)
and 0.5 mL NaOH (10 M), and mixed well. The procedure was then completed as
described in section 3.7.3.
3.7.7.2 Analysis of DA and 5% dextrose infusion solution
The content of three bottles was mixed and an accurately volume equivalent to 20 mg
was transferred into 100 mL volumetric flask and diluted with water. It was further
diluted to get concentration of working solutions. The procedure was completed as
described under 3.7.3.
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Chapter 4
Results
4.1 CFX derivatization method
4.1.1 Selection of analytical wavelength for chromogen
The absorption spectra and maximum absorption point of the derivatization product
for CFX are shown in figure 4.1. The maximum absorption point was 515 nm.

Figure 4.1: Selection of analytical wavelength of CFX-2,4-DNP chromogen, {1:
blank spectrum against water; 2 and 3: chromogen against blank at CFX: 30 and 40
µg/mL}.
4.1.2 Optimization of CFX reaction conditions
4.1.2.1 Effect of 2,4-DNP concentration
Table 4.1 and figure 4.2 show the effect of 2,4-DNP concentration (%w/v) on the
reaction. The maximum absorption was obtained at a concentration of 0.1% (w/v) 2,4DNP solution. When the concentration of 2,4-DNP was increased twice, the
absorption was not improved.
Table 4.1: Effect of 2,4-DNP concentration on CFX analysis.
Sample 2,4-DNP concentration (%w/v, 1.5mL)
1
0.03
2
0.05
3
0.08
4
0.1
5
0.2
a

Absorbancea
0.609
0.77
0.886
1.05
0.999

: values were mean of three determinations; CFX 30µg/mL, PPI 0.15%(1.5mL), NaOH 10M (0.5mL).
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Figure 4.2: Effect of 2,4-DNP concentration on CFX analysis; {CFX 30µg/mL, PPI
0.15% (1.5mL), NaOH 10M (0.5mL)}.
4.1.2.2 Effect of volume of 2,4-DNP 0.1% (w/v)
Table 4.2 and figure 4.3 show the effect of volume of 2,4-DNP 0.1% (w/v) on the
reaction. The best volume was 1.5 mL.
Table 4.2: Effect of volume of 2,4-DNP on CFX analysis.
Sample
1
2
3
4
5
a

Absorbancea
0.286
0.681
1.005
0.798
0.823

Volume of 2,4-DNP (mL)
0.5
1.0
1.5
2.0
2.5

: values were mean of three determinations; CFX 30µg/mL, PPI 0.15% (1.5mL), NaOH 10M (0.5mL).
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Figure 4.3: Effect of volume of 2,4-DNP on CFX analysis; {CFX 30µg/mL, PPI
0.15% (1.5mL), NaOH10M (0.5mL)}.
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4.1.2.3 Effect of PPI concentration
Table 4.3 and figure 4.4 show the effect of PPI concentration (%w/v) on the reaction.
The maximum absorption was obtained at a concentration of 0.15% (w/v) PPI
solution.
Table 4.3: Effect of PPI concentration on CFX analysis.
Sample
1
2
3
4
5

PPI concentration (%w/v)
0.04
0.08
0.15
0.20
0.25

Absorbancea
0.324
0.699
0.902
0.748
0.653

a

: values were mean of three determinations; CFX 30µg/mL, 2,4-DNP 0.1% (1.5mL), NaOH10M
(0.5mL)
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Figure 4.4: Effect of PPI concentration on CFX analysis;{CFX 30µg/mL, 2,4-DNP
0.1% (1.5mL), NaOH 10M (0.5mL)}.
4.1.2.4 Effect of volume of PPI 0.15%(w/v)
Table 4.4 and figure 4.5 show the effect of volume of PPI 0.15% (w/v) on the
reaction. The maximum absorption was obtained with 1.5 mL .
Table 4.4: Effect of volume of PPI on CFX analysis.
Sample
1
2
3
4
5

Volume of PPI (mL)
0.5
1.0
1.5
2.0
2.5

a

Absorbancea
0.783
0.803
0.980
0.852
0.226

: values were mean of three determinations; CFX 30µg/mL, 2,4-DNP 0.1%(1.5mL), NaOH 10M
(0.5mL).
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Figure 4.5: Effect of volume of PPI on CFX analysis;{CFX 30µg/mL, 2,4-DNP 0.1%
(1.5mL), NaOH 10M (0.5mL)}.
4.1.2.5 Effect of NaOH concentration
Table 4.5 shows the effect of NaOH concentration (M) on the reaction. The maximum
absorption was obtained at a concentration of 10M NaOH solution.
Table 4.5: Effect of NaOH concentration on CFX analysis.
Sample
1
2
3

NaOH concentration M
5
(0.5mL)
7
10

Absorbancea
0.910
0.881
0.947

a

: values were mean of three determinations; CFX 30µg/mL, 2,4-DNP 0.1%(1.5mL), PPI 0.15%
(1.5mL).

4.1.2.6 Effect of volume of NaOH 10 M
Table 4.6 and figure 4.6 show the effect of volume of NaOH 10 M on the reaction.
The best volume was 0.5 mL.
Table 4.6: Effect of volume of NaOH on CFX analysis.
Sample

10 M NaOH volume

Absorbancea

1
2
3
4
5

(mL)
0.2
0.5
1.0
1.5
2.0

0.911
0.955
0.867
0.796
0.788

a

: values were mean of three determinations; CFX 30µg/mL, 2,4-DNP 0.1% (1.5mL), PPI 0.15%
(1.5mL).
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Figure 4.6: Effect of volume of NaOH on CFX analysis; {CFX 30µg/mL, 2,4-DNP
0.1% (1.5mL), PPI 0.1% (1.5mL)}.
4.1.2.7 Effect of temperature
Table 4.7 shows the effect of temperature on the reaction. Maximum absorption was
obtained at room temperature.
Table 4.7: Effect of temperature on CFX analysis.
Time (min)

Absorbancea

5

0.917

2

10

0.860

3

15

0.854

4

5

0.848

5

10

0.845

6

15

0.820

7

5

0.346

8

10

0.330

9

15

0.313

Sample

Temperature °C

1
25±3

40±3

60±3

a

: values were mean of three determinations; {CFX 30µg/mL, 2,4-DNP 0.1% (1.5mL), PPI
0.15%(1.5mL), NaOH 10M (0.5mL),
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4.1.2.8 Effect of reaction time
Table 4.8 and figure 4.7 show the effect of reaction time on the product formation.
Table 4.8: Effect of reaction time on CFX analysis.
Time (min.)
Absorbancea
0
1.137
5
1.07
15
1.099
30
0.977
45
1.072
60
0.975
a

: values were mean of three determinations; {CFX 35µg/mL, 2,4-DNP 0.1% (1.5mL), PPI 0.15%
(1.5mL), NaOH 10M (0.5mL), H2O diluting solvent, at room temperature}.
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Figure 4.7: Effect of reaction time on CFX analysis; {CFX 35µg/mL, 2,4-DNP 0.1%
(1.5mL), PPI 0.15% (1.5mL), NaOH 10M (0.5mL) , H2O diluting solvent, at room
temperature}.
4.1.2.9 Effect of order of addition
Table 4.9 shows the effect of different order of addition on the reaction. The best
result was achieved when the order of addition according to series 1-3 but for the rest
combination the error was over 5%.
Table 4.9: Order of addition effect on CFX analysis.
Sample
1
2
3
4
5
6

First
CFX
CFX
CFX
CFX
2,4-DNP
2,4-DNP

Second
2,4-DNP
PPI
NaOH
NaOH
PPI
PPI

Third
PPI
2,4-DNP
PPI
2,4-DNP
CFX
NaOH

a

Fourth
NaOH
NaOH
2,4-DNP
PPI
NaOH
CFX

Absorbancea
0.423
0.411
0.412
0.397*
0.390*
0.368*

: values were mean of three determinations; CFX 15µg/mL, 2,4-DNP 0.1%(1.5mL), PPI 0.15%
(1.5mL), NaOH 10M (0.5mL) , H2O diluting solvent, at room temperature,*: error is more than 5%.
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4.1.2.10 Stability of chromogen
Table 4.10 and figure 4.8 show the effect of time on the stability of chromogen after
dilution. The stability of chromogen remained for at least 3 hr.
Table 4.10: Effect of time on the stability of chromogen
Absorptiona
1.441
1.439
1.424
1.395
1.335
1.332
1.225
1.216
1.095

Time (min.)
0
5
10
15
30
45
60
120
180
a

: values were mean of three determinations; CFX 50µg/mL, 2,4-DNP 0.1% (1.5mL), PPI 0.15%
(1.5mL), NaOH 10M (0.5mL) , H2O diluting solvent, at room temperature.
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Figure 4.8: Stability of CFX-2,4-DNP chromogen; {CFX 50µg/mL, 2,4-DNP 0.1%
(1.5mL), PPI 0.15% (1.5mL), NaOH 10M (0.5mL), H2O diluting solvent, at room
temperature.; time intervals begun immediately after dilution}.
4.1.2.11 Determination of stoichiometric ratio
Figure 4.9 shows the mole fraction of 2,4-DNP versus absorbances obtained. The
mole ratio obtained for 2,4-DNP and CFX was 1:1.
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Figure 4.9: Determination of CFX-2,4-DNP chromogen ratio by Job's method; {CFX
and 2,4-DNP: 2*10-3 M, PPI 0.15% (1.5mL), NaOH 10 M (0.5 mL), H2O diluting
solvent, at room temperature}.
4.1.2.12 Summary of optimization studies of CFX analysis.
Table 4.11 show the summary for the optimization of variables affecting the reaction
of CFX with 2,4-DNP reagent employed in the development of the proposed
spectrophotometric method.
Table 4.11: Summary of optimum conditions for CFX-2.4-DNP reaction.
Variable

Studied range Optimum

2,4-DNP concentration (% w/v)

0.03-0.2

0.1

Volume of 0.1% 2,4-DNP solution (mL)

0.5-2.5

1.5

0.04-0.25

0.15

0.5-2.5

1.5

NaOH concentration (M)

5-10

10

Volume of 10 M NaOH (mL)

0.2-2

0.5

Temperature (° C)

25-60

25

Time (min)

0 to 60

0

Order of addition

Different

*

Measuring wavelength (nm)

300-700

515

PPI concentration (% w/v)
Volume of 0.15% PPI solution (mL)

*:For best combination see table 4.9 .
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4.1.3 Validation of CFX analysis
Validation parameters were carried out according to ICH guidelines (ICH, 2005).
4.1.3.1 Linearity
Under the optimum reaction conditions (Table 4.11), the calibration curve for the
determination of CFX by its reaction with 2,4-DNP was constructed by plotting the
absorbances as a function of the corresponding concentrations (µg/mL). Table 4.12
shows the regression equation parameters and statistical analysis. Figure 4.10 shows
the calibration curve. Sandell’s sensitivity is calculated from the molecular weight and
molar absorptivity according to the equation:
Sandell’s sensitivity = Molecular weight/ Molar absorptivity (Rohitas et al, 2010).

Table 4.12: Regression equation parameters of CFX analysis.
Regression

Intercept (a)

Slope (b)

Correlation coefficient
(R2)

equation
1

0.047

0.031

0.996

2

0.016

0.029

0.998

3

0.044

0.029

0.999

4

0.027

0.029

0.999

5

0.016

0.029

0.999

SD

0.014883

0.000894

0.001304

Mean ± SD

0.03±0.014883 0.0294±0.000894

λmax ( chromogen) = 515 nm
Linear range = 7.5-75 µg/Ml
Regression equation: Y = 0.029 X - 0.030 (n =5)
Molar absorptivity (ε, L/mol.cm) = 1.12*105
Sandell's sensitivity, µg/cm2 = 0.003
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Figure 4.10: Calibration curve of CFX analysis; (mean of five replicates).

4.1.3.2 Range
The specified range was derived from linearity studies and it was found to be in the
range of 7.5-75 µg/mL.

4.1.3.3 Accuracy
The accuracy of the method was evaluated by the recovery studies for added
concentrations. The recovery values ranged 98.6-101.3± 0.28-1.03 (Table 4.13),
indicating the accuracy of the developed method.
Table 4.13: Accuracy of CFX analysis.
Sample

Preanalyzed drug
product (µg/mL)

1

CFX standard

Actual CFX

addition (µg/mL) found (µg/mL)a

Recovery
(% ± SD)a

5

14.93

98.6±0.28

10

19.88

98.8±0.37

3

15

25.14

100.9±0.83

4

10

30.13

101.3±0.14

20

40.17

100.8±0.41

6

30

50.09

100.3±1.03

7

15

45.19

101.3±0.70

30

60.13

100.4±0.97

45

74.76

99.5±1.01

2

5

8

10

20

30

9
a

: values were mean of three determinations.
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4.1.3.4 Specificity
4.1.3.4.1 Identification
Identification test was achieved by comparing the measurements at the same
wavelength 515 nm of CFX-2,4-DNP chromogen against blank (figure 4.11 A) versus
blank against water (figure 4.11 B).

Figure 4.11: A: CFX-2,4-DNP Chromogen spectrum (CFX 30 µg/mL), B: 2,4-DNP
blank solution spectrum.

4.1.3.4.2 Assay
The assay of the method was demonstrated by adding appropriate levels of excipients
to the drug and calculating the percent of the drug recovery. The average recovery
values for 10 and 50 mg are 99.96 ± 0.49% and 100.6 ± 0.42%, respectively. Table
4.14 shows the interferences liabilities from inactive ingredients.
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Table 4.14: Interferences liabilities from excipients on CFX analysis.
Sample

Excipients

1

GMSa (50)b

2

Lactose (50)

3

Starch (50)

4

Talc (50)

5

TiO2c (50)

6

Povidone (10)

7

MSd (10)

8

Silicon dioxide (50)

9

Saccharin(50)

10

sucrose(50)

11

Peach Flavoring powder

12

Polysorbate80 (50)

13

Sodiun benzoate (50)

14

Xanthan gum (50)

15

FD&C yellow no 6 (10)

CFX added

Recovery (% ±

(mg)

SD)*

10
50
10
50
10
50
10
50
10
50
10
50
10
50
10
50
10
50
10
50
10
50
10
50
10
50
10
50
10
50

Average

10

99.32 ± 0.15
101.86 ± 0.07
98.12 ± 0.04
99.86 ± 0.26
101.32 ± 0.32
100.86 ± 0.2
101.72 ± 0.4
101.46 ± 0.3
100.12 ± 0.24
101.26 ± 0.5
99.72 ± 1.1
101.66 ± 1.2
98.32 ±1.0
99.06 ± 0.5
99.22 ± 0.15
100.86 ± 0.08
98.8 ± 0.69
100.5 ± 0.27
99.61 ± 0.83
101.2 ± 0.48
99.43 ± 0.92
100.3 ± 0.82
101.20 ± 0.24
100.16 ± 0.5
99.32 ± 0.18
100.85 ± 0.08
101.52 ± 0.24
101.26 ± 0.13
101.66 ± 0.22
98.52 ±1.5
99.96 ± 0.49

± SD

50

100.6 ± 0.42

*

: values were mean of three determinations;a-:glyceryl monostearate, b: figures in parenthesis are the
amounts in mg added to CFX powder; c: titanium dioxide; d: magnesium stearate.

4.1.3.5 Precision
4.1.3.5.1 Repeatability
The intra-assay precision of the method was determined on samples of drug solutions
at varying concentration levels (Table 4.15) by measuring five replicates of each
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sample as a batch in a single assay run. The RSD was less than 0.57 % proving the
high precision of the method.
Table 4.15: Repeatability of CFX analysis.
Sample

CFX actual conc.

CFX Found conc.

(µg/mL)

(µg/mL)

1

15.09

2

15.06

3

15

15.02

4

14.88

5

14.94

1

30.03

2

30.13

3

30

29.97

4

30.16

5

29.86

1

49.86

2

50.31

3

50

50.11

4

SDa

RSDb

14.998

0.086

0.57

30.03

0.121

0.4

49.956

0.256

0.51

49.65

5
a-

Mean

49.85
b

:Standard deviation, : Relative standard deviation

4.1.3.5.2 Intermediate precision
The inter-assay precision of the method was determined on samples of drug solutions
at varying concentration levels (Table 4.16) by analyzing each sample as a batch in a
single assay run for six consecutive days. The RSD did not exceed 1.38% proving
good intermediate precision of the method.
Table 4.16: Intermediate precision of CFX analysis.
CFX actual

CFX found conc. (µg/mL)

Mean

SD

RSD

conc. (µg/mL)
10

9.86

9.86

9.95

0.14

(%)
1.38

30

29.88 30.06 29.86 30.26 29.96 29.86

29.98

0.16

0.52

50

49.86 50.06 49.86 50.26 49.46 50.06

49.92

0.27

0.54

9.76

10.06 10.06 10.09
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4.1.3.6 LOD
The detection limit was 0.89 µg/mL based on the residual standard deviation of the
regression line (0.0079) and the slope (0.029) (LOD = 3.3 σ / S).

4.1.3.7 LOQ
The quantitation limit was 2.72 µg/mL based on the residual standard deviation of the
regression line (0.0079) and the slope (0.029) (LOQ = 10 σ / S).

4.1.3.8 Robustness
Robustness was examined by evaluating the influence of small variation in the
method variables on its analytical performance. It was found that small variation in
the method variables did not significantly affect the procedures; recovery values were
102.78 ± 0.14 – 0.14 – 1.6% (Table 4.17). This indicated the reliability of the method.
Table 4.17: Robustness of CFX analysis.
Variable

Normal

Variation

Recovery
(% ± SD)a

2,4-DNP concentration (%, w/v)

0.1

Volume of 0.1% 2,4-DNP
solution (mL)

1.5

PPI concentration (%, w/v)

0.15

Volume of 0.15% PPI solution
(mL)

1.5

NaOH concentration (molarity)

Volume of 10M NaOH (mL)

Temperature (° C)

10

0.5

25
a

0.08

99.97 ± 0.33

0.12

99.2 ± 1.5

1.4

101.5 ± 1.5

1.6

100.4 ± 0.68

0.13

99.92 ± 1.6

0.17

98.2 ± 0.52

1.4

98.67 ± 0.48

1.6

102.78 ± 1.3

9.8

98.9 ± 0.4

10.2

99.44 ± 0.24

0.4

99.97 ± 0.31

0.6

99.2 ± 1.5

23

99.28 ± 0.14

27

100.65 ± 0.39

: values were mean of three determinations
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4.1.3.9 Ruggedness
Ruggedness was tested by applying the procedure using the same operational
conditions but using two different instruments at two different laboratories and
different elapsed time. Results obtained from lab-to-lab variations were reproducible,
as RSD did not exceed 0.7 % (Table 4.18).
Table 4.18: Ruggedness of CFX analysis.
Lab.

1

2

CFX
(µg/mL)
actual
10
conc.
30
50
10
30
50

CFX found conc.
(µg/mL)
10.06
10.06
9.96
29.86
30.26
30.18
49.66
50.08
49.86
9.94
10.02
9.89
29.86
30.16
30.04
49.66
50.11
49.97

Mean

SD

10.026
30.1
49.866
9.95
30.02
49.91

0.057
0.211
0.210
0.065
0.151
0.230

4.1.4 Analysis of commercial pharmaceutical product
The pharmaceutical dosage forms were subjected to the analysis of their CFX content
by the developed 2,4-DNP method. The recovery percentages are given in Table 4.19.
The results were compared with published data of reference method (Dilip and Dilip,
2011) by statistical analysis with respect to the accuracy by t-test (Table 4.19). No
significant difference was found at 95% confidence level providing similar accuracy
in the determination of CFX by both methods.
Table 4.19: Determination of CFX in dosage forms by 2,4-DNP and comparison with
reference data.
Recovery (% ± SD)b
Dosage forma
Capsule

2,4-DNP method

Reference datac

99.41±0.95

99.98± 0.12

(t = 1.3311, p-value=0.2199)

Tablet

101.05±0.15

99.98 ± 0.96

(t =2.0043, p-value= 0.21005)

Suspension

99.91±0.08

100.14± 0.10

(t =1.8357 , p-value=0.1845)
a

: labeled to contain 500 mg CFX per capsule, 500 mg CFX per tablet , and 250 mg
CFX per 5 mL suspension; b: Values were mean of five determinations; c: Reference
data: Dilip and Dilip, 2011, p-value > 0.05 insignificant difference.
.
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RSD
(%)
0.568
0.700
0.421
0.653
0.502
0.466

4.2 DA derivatization method
4.2.1 Selection of analytical wavelength of chromogen
The absorption spectra and maximum absorption point of the derivatization product
for DA are shown in figure 4.12. The maximum absorption point was 560 nm.

Figure 4.12: Selection of analytical wavelength of DA-2,4-DNP chromogen, {1:
blank spectrum against water; 2 and 3: chromogen against blank at DA 10 and 30
µg/mL}.
4.2.2 Optimization of DA reaction conditions
4.2.2.1 Effect of 2.4-DNP concentration
Table 4.20 and figure 4.13 show the effect of 2,4-DNP concentration (%, w/v) on the
derivatization reaction. The maximum absorption was obtained at a concentration of
0.1% of 2,4-DNP solution.
Table 4.20: Effect of 2,4-DNP concentration on DA analysis.
Sample

2,4-DNP concentration

Absorbancea

(%w/v, 1.0 mL)
1
2
3
4
5

0.03
0.05
0.08
0.1
0.2

a

0.685
0.705
0.830
0.938
0.842

: values were mean of three determinations; {DA 20 µg/mL, PPI 0.15% (1.0mL), NaOH 10M
(0.5mL), 25 °C reaction temperature}.
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Figure 4.13: Effect of 2,4-DNP concentration on DA analysis; {DA 20 µg/mL, PPI
0.15% (1.0 mL), NaOH 10M (0.5mL), 25 °C reaction temperature}.
4.2.2.2 Effect of volume of 2,4-DNP 0.1%(w/v)
Table 4.21 and figure 4.14 show the effect of volume of 2,4-DNP 0.1% (w/v) solution
on the reaction. The best volume was 1.0 mL.
Table 4.21: Effect of volume of 2,4-DNP on DA analysis.
Sample

Absorbancea

Volume of 2,4DNP (mL)
0.5
1.0
1.5
2.0
2.5

1
2
3
4
5
a

0.683
0.873
0.827
0.811
0.808

: values were mean of three determinations
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Figure 4.14: Effect of volume of 2,4-DNP on DA analysis; {DA 20 µg/mL, PPI
0.15% (1.0 mL), NaOH 10M (0.5 mL), 25 °C reaction temperature}.
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4.2.2.3 Effect of PPI concentration
Table 4.22 and figure 4.15 show the effect of PPI concentration (% w/v) on the
derivatization reaction. The maximum absorption was obtained at a concentration of
0.15% PPI solution.
Table 4.22: Effect of PPI concentration on DA analysis.
Sample
1
2
3
4
5

Absorbancea
0.433
0.760
0.875
0.774
0.751

PPI concentration% (w/v, 1 mL)
0.04
0.08
0.15
0.20
0.25
a

: values were mean of three determinations
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Figure 4.15: Effect of PPI concentration on DA analysis; {DA 20µg/mL, 2,4-DNP
0.1% (1.0mL), NaOH 10M (0.5mL), 25 °C reaction temperature}.
4.2.2.4 Effect of volume of PPI 0.15% (w/v)
Table 4.23 and figure 4.16 show the effect of volume of PPI 0.15% (w/v) solution on
the reaction. The best volume was 1.0 mL.
Table 4.23: Effect of volume of PPI on DA analysis.
Sample
1
2
3
4
5

0.15% PPI volume (mL)
0.5
1.0
1.5
2.0
2.5
a

Absorbancea
0.857
0.911
0.773
0.698
0.730

: values were mean of three determinations
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Figure 4.16: Effect of volume of PPI on DA analysis; {DA 20 µg/mL, 2,4-DNP 0.1%
(1.0mL), NaOH 10M (0.5mL), 25 °C reaction temperature}.
4.2.2.5 Effect of NaOH concentration
Table 4.24 show the effect of NaOH concentration on the reaction. The best
concentration was 10 M.
Table 4.24: Effect of NaOH concentration on DA analysis
NaOH concentration (M,
0.5mL)
5
7
10

Absorbancea
0.788
0.892
0.951

a

: values were mean of three determinations;{DA 20µg/mL, 2,4-DNP 0.1% (1.0mL), PPI 0.15%
(1.0mL), 25 °C reaction temperature}.

4.2.2.6 Effect of volume of NaOH 10 M
Table 4.25 and figure 4.17 show the effect of volume of 10 M NaOH on the reaction.
The best volume was 0.5 mL.
Table 4.25: Effect of volume of NaOH on DA analysis.
Sample
1
2
3
4
5

Volume of NaOH 10M
0.2
(mL)
0.5
1.0
1.5
2.0
a

Absorbancea
0.894
0.902
0.854
0.771
0.750

: values were mean of three determinations
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Figure 4.17: Effect of volume of NaOH on DA analysis; {DA 20 µg/mL, 2,4-DNP
0.1% (1.0mL), PPI 0.15% (1.0mL), 25 °C reaction temperature}.
4.2.2.7 Effect of temperature
Table 4.26 show the effect of temperature on reaction. Maximum absorption was
obtained at room temperature.
Table 4.26: Effect of temperature on DA analysis; {DA 30 µg/mL, 2,4-DNP 0.1%
(1.0 mL), PPI 0.15% (1.0 mL), NaOH 10M (0.5mL)}.
Sample

Time (min) Absorbancea

Temperature °C

1

5

1.565

10

1.540

3

15

1.533

4

5

1.221

10

1.215

6

15

1.188

7

5

0.856

10

0.850

15

0848

25±3

2

40±3

5

60±3

8
9
a

: values were mean of three determinations

4.2.2.8 Effect of reaction time
Table 4.27 and figure 4.18 show the effect of reaction time on the product formation.
The reaction completed within a minute. A longer reaction time was not
advantageous.
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Table 4.27: Effect of reaction time on DA analysis.

a

Time (min.)

Absorbancea

0

0.889

5

0.810

15

0.818

30

0.790

45

0.667

60

0.630

: values were mean of three determinations
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Figure 4.18: Effect of reaction time on DA analysis; DA 20 µg/mL, 2,4-DNP 0.1%
(1.0mL), PPI 0.15% (1.0mL), NaOH10M (0.5mL).
4.2.2.9 Effect of order of addition
Table 4.28 shows the effect of different order of addition on the reaction. The best
order of addition was the first one. With respect to the other additions, undesirable
product might be obtained. Since PPI will oxidize the DA.
Table 4.28: Effect of order of addition on DA analysis.
Sample
1
2
3
4
5
6

First
DA
DA
DA
DA
2,4-DNP
2,4-DNP

Second
2,4-DNP
PPI
NaOH
NaOH
PPI
PPI

Third
PPI
2,4-DNP
PPI
2,4-DNP
DA
NaOH

a

Fourth
NaOH
NaOH
2,4-DNP
PPI
NaOH
DA

Absorbancea
0.473
0.451*
0.442*
0.447*
0.450*
0.438*

: values were mean of three determinations; DA 10 µg/mL, 2,4-DNP 0.1% (1.0mL), PPI 0.15%
(1.0mL), NaOH 10M (0.5mL), H2O diluting solvent, at room temperature, *: error was more than 5%.
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4.2.2.10 Stability of chromogen
Table 4.29 and figure 4.19 show the effect of time on the stability of chromogen after
dilution. The stability of DA-2,4-DNP chromogen remained for at least 15 min.
Table 4.29: Effect of time on the stability of chromogen.
Time (min.)

Absorbance

0

0.489

5

0.484

10

0.466

15

0.429

30

0.436

45

0.411

60

0.387

120

0.379

180

0.344

Absorbance

1

0.5

0
0

50

100
Time (minute)

150

200

Figure 4.19: Stability of DA-2,4-DNP chromogen; {DA 10 µg/mL, 2,4-DNP
0.1%(1.0mL), PPI 0.15% (1.0mL), NaOH 10M (0.5mL), H2O diluting solvent; time
intervals begun after dilution; continued up to 3 hours}.
4.2.2.11 Determination of stoichiometric ratio
Figure 4.20 shows the mole fraction of 2,4-DNP versus absorbances obtained. The
mole ratio obtained for 2,4-DNP and DA was 1:1.
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Figure 4.20: Determination of DA-2,4-DNP chromogen ratio by Job's method; {DA
and 2,4-DNP: 3*10-3 M, PPI 0.15% (1.0mL), NaOH 10 M (0.5 mL), H2O diluting
solvent, at room temperature}.
4.2.2.12 Summary of optimization studies of DA analysis
Table 4.30 show the summary for the optimization of variables affecting the reaction
of DA with 2,4-DNP reagent employed in the development of the proposed
spectrophotometric method.
Table 4.30: Summary of optimum conditions for DA-2,4-DNP reaction.
Variable

Studied range Optimum

DNP concentration (%, w/v)

0.03-0.2

0.1

Volume of 0.1% DNP solution (mL)

0.5-2.5

1.0

0.04-0.25

0.15

0.5-2.5

1.0

5-10

10

Volume of 10 M NaOH (mL)

0.2-2.0

0.5

Temperature (° C)

25-60

25

Time (min)

0 to 60

0

Order of addition

Different

*

Measuring wavelength (nm)

300-700

560

PPI concentration (%, w/v)
Volume of 0.15% PPI solution (mL)
NaOH concentration (molarity)

*:For best order see table 4.28.
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4.2.3 Validation of DA analysis
Validation parameters were carried out according to ICH guidelines (ICH, 2005).
4.2.3.1 Linearity
Under the optimum reaction conditions (Table 4.30), the calibration curve for the
determination of DA by its reaction with 2,4-DNP was constructed by plotting the
absorbances as a function of the corresponding concentrations (µg/mL). Table 4.31
shows the regression equation parameters and statistical analysis. Figure 4.21 show
the calibration curve.

Table 4.31: Regression equation parameters for DA analysis.
Regression

Intercept (a)

Slope (b)

Correlation coefficient
(R2)

equation
1

0.066

0.042

0.991

2

0.065

0.043

0.996

3

0.067

0.041

0.994

4

0.070

0.043

0.996

5

0.068

0.043

0.995

SD

0.001924

0.000894

0.002074

Mean ± SD

0.0672±0.001924 0.0424±0.000894

λmax ( chromogen) = 560 nm
Linear range = 5-50 µg/mL
Regression equation: Y = 0.042X - 0.0672 (n = 5)
Molar absorptivity (ε, L/mol.cm) = 7.9*104
Sandell's sensitivity, µg/cm2 = 0.003
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Figure 4.21: Calibration curve of DA analysis; (mean of five replicates).
4.2.3.2 Range
The specified range was derived from linearity studies and it was found to be in the
range of 5-50 µg/mL.

4.2.3.3 Accuracy
The accuracy of the method was evaluated by the recovery studies for added
concentrations. The recovery values were 99.5-101.2 ± (0.21-1.12) (Table 4.32)
indicating the accuracy of the developed method.
Table 4.32: Accuracy of DA analysis.
Sample

Preanalyzed

DA standard

Actual DA

Recovery

product

addition (µg/mL)

found (µg/mL)a

(% ± SD)a

1

(µg/mL)

5

15.06

101.2±0.83

2

10

10

19.95

99.5±1.01

3

15

25.12

100.8±0.98

4

7.5

22.53

100.4±1.12

15

30.27

101.8±0.21

6

22.5

37.59

100.4±0.57

7

10

30.19

101.9±0.3

20

40.11

100.5±0.73

30

50.07

100.2±0.81

5

8

15

20

9
a

: values were mean of three determinations.
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4.2.3.4 Specificity
4.2.3.4.1 Identification
Identification test was achieved by comparing the measurements at the same
wavelength 560 nm of DA-2,4-DNP chromogen against blank (Figure 4.22A) versus
blank against water (Figure 4.22B).

Figure 4.22: A: DA-2,4-DNP Chromogen spectrum (DA 15 µg/mL), B: 2,4-DNP
blank solution spectrum.
4.2.3.4.2 Assay
The assay of the method was demonstrated by adding appropriate levels of excipients
to the drug and calculating the percent of the drug recovery. Table 4.33 shows the
interferences liabilities from inactive ingredients. The average recovery values were
in the range 98.9-100.4 ± (0.31-1.21).
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Table 4.33: Interferences liabilities from excipients on DA analysis.
DA added (mg)

Recovery (% ± SD)a

10

99.21 ± 0.31

40

100.4 ± 0.73

10

98.9 ± 1.21

Dextrose

40

99.6 ± 0.58

Average ± SD

10

99.06 ± 0.76

40

100 ± 0.65

Sample

Excipients
Sodium bisulphite

1

2

*

: values were mean of three determinations

4.2.3.5 Precision
4.2.3.5.1 Repeatability
The intra-assay precision of the method was determined on samples of drug solutions
at different concentration levels (Table 4.34) by measuring five replicates of each
sample as a batch in a single assay run. RSD was less than 1.14 % proving the good
precision of the method.
Table 4.34: Repeatability of DA analysis.
Sample

1
2
3
4
5
1
2
3
4
5
1
2
3
4
5

DA actual

DA Found

conc.

conc.

(µg/mL)

(µg/mL)

5

20

40

Mean

SD

RSD
(%)

5.06
4.96
5.05
4.98
5.08
19.88
20.08
19.96
20.26
20.46
39.86
40.46
39.89
40.06
39.86
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5.03

0.05

0.99

20.12

0.23

1.14

40.03

0.26

0.64

4.2.3.5.2 Intermediate precision
The inter-assay precision of the method was determined on samples of drug solutions
at varying concentration levels (Table 4.35) by analyzing each sample as a batch in a
single assay run for six consecutive days. The RSD did not exceed 1.5% proving good
intermediate precision of the method.
Table 4.35: Intermediate precision of DA analysis.
DA

DA found conc. (µg/mL)

Mean

SD

Actual

RSD
(%)

conc.
(µg/mL)
5

4.92

5.05

4.95

4.88

5.03

4.87

4.95

0.075

1.5

20

20.09

19.93

19.89

20.19

20.07

20.21

20.06

0.131

0.65

40

39.92

39.88

39.62

39.89

39.95

39.56

39.80

0.168

0.42

4.2.3.6 LOD
The detection limit was 0.32 µg/mL based on the residual standard deviation of the
regression line (0.0041) and the slope (0.042) (LOD = 3.3 σ / S).

4.2.3.7 LOQ
The quantitation limit was 0.97 µg/mL based on the residual standard deviation of the
regression line (0.0041) and the slope (0.042) (LOQ = 10 σ / S).

4.2.3.8 Robustness
Robustness was examined by evaluating the influence of small variation in the
method variables on its analytical performance. It was found that small variation in
the method variables did not significantly affect the procedures; recovery values were
98.6–101.1 ± (0.31–1.12) (Table 4.36). This indicated the reliability of the method.
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Table 4.36: Robustness of DA analysis.
Variable
2,4-DNP

Normal

Variation

Recovery (% ± SD)a

0.08

99.6 ± 0.41

0.12

98.9 ± 0.64

0.8

101.1 ± 0.93

1.2

100.5 ± 0.76

0.13

98.6 ± 1.12

0.17

99.3 ± 0.31

0.8

100.2 ± 0.86

1.2

99.1 ± 0.37

9.8

98.7 ± 0.54

10.2

99.2 ± 0.62

0.4

101.5 ± 1.5

0.6

99.3 ± 1.5

23

99.25 ± 0.14

27

100.55 ± 0.39

concentration

(%, w/v)

0.1

Volume of 0.1% 2,4DNP solution (mL)
PPI

concentration

1.0
(%,

w/v)

0.15

Volume of 0.15% PPI
solution (mL)

1.0

NaOH concentration (M)

10

Volume of 10 M NaOH
(mL)

0.5

Temperature (° C)
a

25

: values were mean of three determinations; The concentration of DA was 20 µg/mL.

4.2.3.9 Ruggedness
Ruggedness was tested by applying the procedure using the same operational
conditions but using two different instruments at two different laboratories and
different elapsed time. Results obtained from lab-to-lab variations were reproducible,
as RSD did not exceed 1.43% (Table 4.37).
Table 4.37: Ruggedness of DA analysis.
Lab.

1

2

DA actual

DA found conc. (µg/mL)

Mean

SD

RSD

conc.
5
(µg/mL)

4.67

4.71

4.58

4.653

0.067

(%)
1.43

20

19.64

19.58

19.46

19.56

0.092

0.47

40

39.89

40.21

40.18

40.093

0.177

0.44

5

4.76

4.78

4.67

4.736

0.059

1.24

20

19.81

19.65

19.58

19.68

0.118

0.59

40

40.22

40.15

39.99

40.12

0.118

0.29
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4.2.4 Analysis of commercial pharmaceutical product
The pharmaceutical dosage forms were subjected to the analysis of their DA content
by 2,4-DNP method. The recovery percentage for injectable dopamine HCl was 99.32
± 0.51and for DA and dextrose injection solution 95.81± 0.87 (Table 4.38). These
results comply with the USP 29 specifications of % DA content in injection (95-105%).

This result was compared with data published in a reference method (Idris et al,
2012) by statistical analysis with respect to the accuracy by t-test. No significant
difference was found at 95% confidence level providing similar accuracy in the
determination of DA by both methods.

Table 4.38: Determination of DA dosage forms by 2,4-DNP and comparison with
reference data.
Dosage forma

Recovery (% ± SD)b

Injection

2,4-DNP method

Reference datac

99.32 ± 0.51

98.56±0.89%

(t=1.6567, p-value
=0.1362 )

DA

and

dextrose

95.81± 0.87

-

injection solution
a

: labeled to contain 80 mg DA per ampoule or 0.8 mg/mL DA and 5% dextrose
injection solution; b: Values are mean of five determinations; c: Reference data: Idris
et al, 2012, p-value > 0.05 insignificant difference.
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Chapter 5
Discussion
Spectrophotometric analysis continues to be one of the most widely used analytical
techniques available. Many methods are available for a variety of analytes (such as
colored, colorless, natural, synthetic, inorganic and organic analytes) and sample
types ranging from in-situ biological assays to the determination of trace elements in
steels. Many medical diagnostic test kits use photometric measurements. In the food
industry, wine makers have long recognized the effect of iron levels on the taste of
wines and consequently are the largest users of 1,10-phenanthroline for determining
iron spectrophotometrically. A common field test for chlorine in swimming pools and
drinking water is based on the color produced by the action of chlorine on o-tolidine
(Harvey, 2000).
The absorption spectrum of CFX and DA was recorded against water. It was found
that CFX and DA exhibits λmax at 264 and 280 nm, respectively. Because of the blueshifted λmax of CFX and DA, their determination in the pharmaceutical formulations
based on the direct measurement of their absorption for UV light is susceptible to
potential interferences from the co-extracted excipients. Therefore, derivatization of
CFX and DA to a more red-shifted derivative was necessary. CFX and DA contains
phenolic group for which many chromogenic reagents are available for colorproducing reactions. The choice of a robust, simple and efficient derivatization
reaction is the first and most critical step for a successful and reproducibly applicable
spectrophotometric method. It was attained to derivatize CFX and DA using 2,4-DNP
in a single-step reaction, which is rapid, clean and accomplished. The method requires
neither vigorous derivatization conditions nor any clean-up step prior to detection.
The weak or lack of chromophore and the current requirement for favorable detection
limits necessitated derivatization techniques for determination of CFX and DA in
spectrophotometric method. The derivatization reactions between CFX: 2,4-DNP and
DA: 2,4-DNP were performed and the absorption spectra of the reaction products
were recorded against reagents blank. The products chromogens were orange-red
colored and greenish orange colored exhibiting λmax at 515 and 560 nm, respectively.
Obviously, the λmax of products chromogens were red-shifted from the underivatized
CFX and DA by 251 and 280 nm. As well, the values of ε, which indicate the
sensitivity, were 1.12*105 and 7.9*104L/mol.cm, respectively. Moreover, literature
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survey revealed that the major reported analytical methods were by chromatographic
technique, which is more complex, generate large amounts of waste and is considered
as more time-consuming.
Derivatization using 2,4-DNP has attracted considerable attention for quantitative
analysis of many pharmaceutically active compounds. The present method was based
on the oxidation of 2,4-DNP to produce diazonium cation, which couples with
phenolic drugs to yield highly absorbing chromogen which was measured at 515 and
560 nm, respectively.
Optimization of the reaction conditions was intended to take into account the various
goals of the method development. Analytical conditions were optimized via a number
of preliminary experiments. Studying the effect of 2,4-DNP concentration and volume
on its reaction with CFX and DA revealed that the reaction was dependent on the 2,4DNP concentration as the absorbances increased with the increase in the reagent
concentration. The highest absorbances were attained at a concentration of 0.1% (w/v)
(1.5 mL for CFX and 1mL for DA) beyond which the absorbances slightly decreased.
Absorption decreased with high 2,4-DNP concentration may be referred to reaction
saturation, as well as decreased with higher volume due to dilution of the reaction.
The solution was acidified with concentrated H2SO4 to produce diazonium cation as
first step. The coupling of diazonium cation and phenolic drugs requires basic media.
The basicity was adjusted by addition of NaOH (10 M).
The effect of temperature and time on the reaction was investigated by carrying out
the reaction at room temperature (25 ± 3°C) and at elevated temperatures (40 and 60 ±
3°C) for different periods of time (5, 10 and 15min). The results revealed that
maximum absorption was obtained at room temperature. At elevated temperatures, the
absorbance was decreased that’s because the azo compound decomposes at high
temperatures.
Moreover, it was found that the reaction goes to almost completion immediately. In
order to establish simple analytical procedures with no need for extra equipment
(water bath) and for higher precision results; all subsequent experiments were carried
out at room temperature. Furthermore, the effect of reagents addition was investigated
by carrying out the reaction in different orders. The results revealed that there was a
difference between absorbances obtained in different orders of addition. The effect of
time on the stability of CFX-2,4-DNP and DA-2,4-DNP chromogen was also
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investigated by following the absorption intensity of the reaction solution after
dilution at different time intervals up to 3 hours. It was found that the absorbance of
the chromogen remains stable for at least 3 hours and 15 minutes for CFX and DA,
respectively. By comparing CFX and DA, the residual part in CFX is more stable than
the residual part in DA due to the oxidative state that is available in both.
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Figure 5.1: Suggested reaction of CFX and DA with 2,4-DNP
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NO 2

At the same time, it has been proved that the composition of CFX:2,4-DNP and
DA:2,4-DNP chromogen is 1:1 by Job's method (Job, 1964). So it is concluded that 1
molecule of 2,4-DNP could react with phenolic group of CFX and DA. The suggested
reaction is shown in Figure 5.1.

5.1 Cefadroxil analysis
Validation of the developed method was determined according to the ICH guidelines
for validation of analytical procedures (ICH, 2005). Under the optimum reaction
conditions, the calibration curve for the determination of CFX by its reaction with
2,4-DNP was constructed. The regression equation for the CFX results was Y = 0.029
X - 0.030 (R2: 0.999) where Y is the absorbance at 515 nm, X is the concentration of
CFX in µg/mL and R2 is the correlation coefficient. The linearity was observed in the
concentration range of 7.5-75 µg/mL. The validity of the regression line was verified
by statistical analysis, which demonstrated significant linear regression. The accuracy
of the developed method was evaluated by the recovery studies for added
concentrations. The recovery values were 98.6-101.3± 0.28-1.03 %, indicating the
accuracy of the method. Interferences liabilities were carried out to explore the effects
of reagents used in the reaction and inactive ingredients that might be added during
formulation. Comparison between CFX-2,4-DNP chromogen absorbance against
blank and blank absorbance against water at 515 nm was carried out. The obtained
figures showed that there was negligible absorbance of blank reagent at 515 nm,
which indicated that there was no interferences of reagent blank at the same
wavelength that the chromogen where measured. The interferences from inactive
ingredients were investigated by mixing known amount of CFX (10 and 50 mg) with
each common excipients alone and analyzing the samples by developed method
procedures. The average recovery values for 10 and 50 mg of CFX were 99.96 ±
0.49% and 100.6 ± 0.42%, respectively. These data confirmed no interferences from
any of the inactive ingredients in the determination of CFX by the developed method.
The intra- and inter-assays of the developed method were also determined. The RSD
did not exceed 0.57 % and 1.38%, respectively; proving the high precision of this
method for the routine application in the analysis of CFX in quality control
laboratories. The influence of small variation in the method variables on its analytical
performance was examined. It was found that small variation in the method variables
83

did not significantly affect the procedures; recovery values were 98.2–102.78 ± 0.14–
1.6%. This indicated the reliability of the method. Moreover, the inter-laboratory
precision was tested and results obtained from lab-to-lab variations were reproducible,
as RSD did not exceed 0.7%.
It is evident from the above-mentioned results that the developed method gave
satisfactory results with CFX in bulk. Thus its pharmaceutical dosage form was
subjected to the analysis of their CFX content by this method and reference method.
Since there was neither official method nor reported derivatization spectrophotometric
method for the quantitative determination of CFX in its capsule, tablets and
suspension, a validated direct spectrophotometric method was used as a reference
method (Dilip and Dilip, 2011). The recovery percentage was 99.41±0.95%,
101.05±0.15% and 99.91±0.08% for CFX capsule, tablets and suspension,
respectively. This result was compared with data from the reference method by
statistical analysis. No significant difference was found at 95% confidence level
proving similar accuracy in the determination of CFX by both methods.
This method is advantageous when compared with other derivatizing agents due to
simplicity and being inexpensive procedure. Water was used as diluting solvent,
where others used methanol, acetonitrile, ethanol, and 1,2-dichloroethane (Saleh et al,
2001, Rageh et al, 2010).
In Addition, the developed method was performed at room temperature and did not
require heating in a water bath (Shantier et al, 2011; Rageh et al, 2010, Pasha and
Narayana, 2008).
The reaction of was completed immediately within 5 minutes, while other described
methods required longer time for reaction (El-Ashry et al, 2000, Shantier et al, 2011,
Sastry, Rao and Prasad, 1997).
The linear ranges of CFX analysis was 7.5-75 μg/mL which is more sensitive than
some reported methods 20-400 μg/mL (Xuecheng et al, 1998) and 80-320 μg/mL (AlMomani et al, 1999).
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5.2 Dopamine analysis
Validation of the developed method was determined according to the ICH guidelines
for validation of analytical procedures (ICH, 2005). Under the optimum reaction
conditions, the calibration curve for the determination of DA by its reaction with 2,4DNP was constructed. The regression equation for the DA results was Y = 0.042X 0.0672 (R2: 0.995), where Y is the absorbance at 560 nm, X is the concentration of
DA in µg/mL and R2 is the correlation coefficient. The linearity was observed in the
concentration range of 5-50 µg/mL. The validity of the regression line was verified by
statistical analysis, which demonstrated significant linear regression. The accuracy of
the developed method was evaluated by the recovery studies for added concentrations.
The recovery value was 99.5-101.2 ± 0.21-1.12, indicating the accuracy of the
method. Interferences liabilities were carried out to explore the effects of reagents
used in the reaction and inactive ingredients that might be added during formulation.
Comparison between DA-2,4-DNP chromogen absorbance against blank and blank
absorbance against water at 560 nm was carried out. The obtained figures showed that
there was negligible absorbance of blank reagent at 560 nm, which indicated that
there was no interferences of reagent blank at the same wavelength that the
chromogen where measured. The interferences from inactive ingredients were
investigated by mixing known amount of DA (10 and 40 mg) with each common
excipients alone and analyzing the samples by developed method procedures. The
average recovery values for 10 and 40 mg of DA were 99.06 ± 0.76% and 100 ±
0.65%, respectively. These data confirmed no interferences from any of the inactive
ingredients in the determination of DA by the developed method. The intra- and interassays of the developed method were also determined. The RSD did not exceed
1.14% and 1.5%, respectively; proving the high precision of this method for the
routine application in the analysis of DA in quality control laboratories. The influence
of small variation in the method variables on its analytical performance was
examined. It was found that small variation in the method variables did not
significantly affect the procedures; recovery values were 98.6–101.1 ± 0.31–1.12%.
This indicated the reliability of the method. Moreover, the inter-laboratory precision
was tested and results obtained from lab-to-lab variations were reproducible, as RSD
did not exceed 1.43%.
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It is evident from the above-mentioned results that the developed method gave
satisfactory results with DA in bulk. Thus its pharmaceutical dosage form was
subjected to the analysis of their DA content by this method and reference method.
Since there was neither official method nor reported derivatization spectrophotometric
method for the quantitative determination of DA in its ampule and DA and dextrose
injection solution, a validated direct spectrophotometric method was used as a
reference method (Idris et al, 2012). The recovery percentage was 99.32 ± 0.51% and
95.81± 0.87%, for DA ampoule and DA and dextrose injection solution, respectively.
This result was compared with data from the reference method by statistical analysis.
No significant difference was found at 95% confidence level proving similar accuracy
in the determination of DA by both methods.
This method is comparable with other methods with advantages of being simple, rapid
and consisting of one step. Water was the solvent for dilution and consumption of
organic solvents was avoided (Subrata et al, 2004).
The developed method was performed at room temperature. Heating in water bath
45ºC was required for DA reaction with tetrabromo-p-benzoquinone (Al-Sharook,
2007) and 65 ºC was required for DA hydrolysis in alkaline medium (Nevado,
Gallego and Laguna, 1996).
The reaction of this method was completed immediately while in other methods need
30 min. (Mohamed, Nour-El-Dien and El-Nahas, 2009) and 15 min. (Mahood and
Hamzah, 2010).
The linear ranges of DA analysis was 5-50 μg/mL which is more sensitive than some
reported methods 37.9-170.6 μg/mL (Mohamed, Nour-El-Dien and El-Nahas, 2009)
and 0.003-8 μg/mL (Zhao et al, 2011).
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Chapter 6
Conclusion and recommendations
6.1 Conclusion


The present study described, for the first time, a successful evaluation of 2,4-DNP
as derivatization reagent in the development of simple, sensitive and inexpensive
spectrophotometric method for the accurate determination of CFX and DA in bulk
and pharmaceutical dosage forms.



The method was based on the reaction of CFX and DA with 2,4-DNP in presence
of PPI in alkaline medium producing an orange-red and greenish orange colored
product which absorbs maximally at 515 and 560 nm, for CFX and DA
respectively.



The experimental parameters for methods were studied and optimized. The
optimum conditions were 1.5 and 1 mL of 0.1% 2,4-DNP solution, 1.5 and 1 mL
of 0.15% PPI solution and 0.5 mL of 10 M NaOH solution as alkaline media,
water as diluting solvent maintained at room temperature, for CFX and DA
respectively.



The products chromogen of CFX and DA analysis remained stable for at least 3
hours and 15 minute, respectively. This gives the high throughput property to the
developed methods when applied for analysis of large number of samples in
quality control laboratories.



The stoichiometry of the reactions between CFX: 2,4-DNP and DA: 2,4-DNP was
in both cases 1:1, according to Job's methods (Job, 1964).



The regression equations for CFX and DA analysis were Y = 0.029 X - 0.030
(R2: 0.999) and Y = 0.042X - 0.0672 (R2: 0.995), respectively.



The molar absorptivity for CFX and DA analysis were 1.12*105 and 7.9*104,
respectively.



The developed methods were validated according to ICH guidelines (ICH, 2005),
for linearity, range, accuracy, specificity, precision, LOD, LOQ, robustness and
ruggedness.



Regarding accuracy, the recovery values for CFX and DA analysis methods were
98.6-101.3± 0.28-1.03 % and 99.5-101.2 ± 0.21-1.12, respectively.
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Interferences liabilities from reagents used and inactive ingredients "excipients"
were absence in CFX and DA analysis.



The RSD for intra- and inter-assay precisions for CFX and DA analysis did not
exceed 0.57 % and 1.38% as well as 1.14% and 1.5%, respectively.



The LOD and LOQ for CFX and DA analysis were 0.89 and 2.72 as well as 0.32
and 0.97 μg/mL, respectively.



The influence of small variation in the methods variables did not significantly
affect the procedures; recovery values for CFX and DA analysis were 98.2–
102.78 ± 0.14–1.6% and 98.6–101.1 ± 0.31–1.12%, respectively.



Results obtained from lab-to-lab variations were reproducible, as RSD for CFX
and DA analysis did not exceed 0.7% and 1.43%, respectively.



The pharmaceutical dosage forms of CFX and DA were subjected to the analysis
of their CFX and DA content by the developed method and results were compared
with published data of reference method (Dilip and Dilip, 2011 and Idris et al,
2012). The results were compared by statistical analysis with respect to the
accuracy and no significant differences were found.

6.2 Recommendations


The new analytical methods depend greatly on highly qualified instruments,
which make the cost very high. The UV methods are inexpensive, fast and
produce very low levels of dangerous residues promoting benefits to the public
health and the environment.



Application of derivatization reaction in drug analysis, especially when weak or
no chromophore is present.



Spectrophotometric determination of a drug after derivatization reaction achieves
a comparable sensitivity limits with the highly expensive and sophisticated
instrumental analysis.



The developed method is practical and simple and can be applied for CFX and DA
determination in pharmaceutical dosage forms in quality control laboratories.



Further studies can be performed using the described procedure for stability study
of CFX and DA.



The applicability of new procedures for routine quality control of CFX and DA in
bulk and pharmaceutical formulations.
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