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Summary

Four different spectrophotometric methods are used in this study for the
determination of Sulfamethoxazole and sulfanilamide drugs in pharmaceutical
compounds, synthetic samples, and in their pure forms. The work comprises
four chapters which are shown in the following:

Chapter One: Includes a brief for Ultraviolet-Visible (UV-VIS) Absorption
spectroscopy, antibacterial drugs and sulfonamides with some methods for
their determination.

The chapter lists two methods for optimization; univariate method and
multivariate method. The later includes different types, two of these were
mentioned; simplex method and design of experiment method.

Chapter Two: Includes reaction of the two studied drugs with sodium nitrite
and hydrochloric acid for diazotization reaction followed by coupling with
diphenylamine in acidic medium to form, a blue colored azo dye compound
which exhibits maximum absorption (Amax) at 530 nm for sulfamethoxazole
complex and 531 nm for sulfanilamide complex against the reagent blank and
the concentration of these drugs were determined spectrophotometrically.

The optimum reaction conditions and other analytical parameters were
evaluated. In addition to classical univariate optimization, modified simplex
method has been applied in optimization of the variables affecting the color
producing reaction.

The results show better optical characteristics for calibration curves and
statistical data were obtained under optimum conditions obtained by multi
simplex optimization, in comparison with those obtained via univariate
method for two studied drugs.

Beer’s law obeyed in the concentration range of 0.5-12.0 pg.mL?, 0.5-7.0
ug.mL? for sulfamethoxazole and sulfanilamide respectively with molar
absorptivity of 4.9617x10* L.mol*.cm™ for sulfamethoxazole and 5.9185x10*
L.mol?.cm? for sulfanilamide. The detection limits were 0.036 ug.mL™ and
0.016 pg.mL* for the two complexes respectively by simplex method.

No interferences from the studied excipients on the determination of these
drugs were found therefore, the proposed methods were applied successfully



for the determination of the sulfamethoxazole and sulfanilamide in
pharmaceutical compound and in synthetic samples.

Chapter Three: Is based on the formation of condensation complexes of
each drug with sodium 1,2-naphthoquinon-4-sulfonate as a chromogenic
reagent. The absorbance values, for the formed complexes were measured at
460 nm for sulfamethoxazole and 455 nm for sulfanilamide; against reagent
blank.

Different variables affecting the completion of reaction have been
carefully optimized following the classical univariate sequence and design of
experiment (DOE) method and the results were obtained under optimum
conditions by (DOE) optimization which shows better optical characteristics
for calibration curves and statistical data in comparison with those obtained
via univariate method for two studied drugs.

The calibration graphs are linear in the ranges of (5.0-50.0) pg.mL™ for
sulfamethoxazole and (5.0-30.0) pg.mL* for sulfanilamide with detection
limit 0.359 pg.mL-*for sulfamethoxazole complex and 0.536 pg.mL* for
sulfanilamide complex. The molar absorptivity was found to be (7.0918x10*
L.molt.cm?) for sulfamethoxazole and (7.0774x10* L.molt.cm®) for
sulfanilamide by the design of experiment (DOE) method.

Finally no interferences from the studied excipients on the determination
of these drugs were found. The proposed methods have been successfully
applied for the determination of sulfamethoxazole and sulfanilamide in their
pharmaceutical preparation and synthetic samples.

Chapter Four: Includes two parts; Derivative spectrophotometry and partial
least-squares (PLS).

Derivative spectrophotometry is based on the first and second derivative
spectra of absorption which has been applied for simultaneous
spectrophotometric determination of sulfamethoxazole and sulfanilamide in
their mixture in the ultraviolet region. The method offers an advantage of
getting rid of the resulting error in the values of absorption because of the
presence of each drug with the presence of interferences from the excipients.

It was found that the method is able to accurately estimate
sulfamethoxazole in the range of (2.0-50.0) pg.mL™; in mixtures containing



(2.0-30.0) ug.mL? of sulfanilamide, as (interferent). The results obtained,
with the first derivative measurements, indicate that when the concentration
of sulfanilamide is kept constant and the concentration of sulfamethoxazole
varied, the peak amplitudes are measured at peak-to-baseline (223, 254,287
nm), peak to peak height between (223- 254 nm), (254-287nm). Moreover,
the height at the zero cross of sulfanilamide at (235.62, 258.72 nm), height-
to-height of the two zero crosses between (235.62-258.72 nm) and area
under peak between (241.95-267.04 nm), (267.04-330 nm) were found to be
in proportion to the sulfamethoxazole concentration therefore they are used
for the determination of it. The careful inspection of the second derivative
spectra obtained for the mentioned mixtures of sulfamethoxazole and
sulfanilamide shows that peak to basline is at (239.5, 263.5, 267.75, 301,
215 nm) , height to basline is at zero cross is at (245.86, 271.28 nm) , peak
to peak is between (239.5-264.25 nm), (239.5-267.75 nm), (271.28-301 nm),
(215-239.5 nm), height to height is at two zero cross (245.86-271.28 nm) in
addition to peak area at the interval between (254.12-281 nm), (286.95-
329.5 nm), (221.75-254.12 nm) measurements at specified wavelength could
be used to quantify the exact concentration of sulfamethoxazole in presence
of sulfanilamide.

Sulfanilamide was determined for the range of (2.0-50.0) pg.mL™; in a
mixture containing (2.0-50.0) ng.mL* of sulfamethoxazole as (interferent).
The procedure gave good results over the studied range of concentration
depending on peak-to-baseline at (224, 246, 271 nm), height at zero cross at
(241.95, 267.04 nm), peak to peak between (224-246 nm), (246-271 nm),
height to height at two zero cross (241.95-271 nm) and area under the peak
at (235.62-258.72 nm) measurements were found to be used for the
determination of sulfanilamide in the first derivative technique. On other
situation, the wavelengths are at 218 nm, 231 nm, 260 nm and 278 nm (peak
to base line measurements), and height at two zero cross at 254 nm and 281
nm, and peak to peak measurements between (218-231 nm), (231-260 nm)
and (260-278 nm), and height at zero cross at (254, 281 nm), wavelengths
at (210-224 nm) , (224-245.84 nm) and (271.28-330 nm) peak area at the
interval measurements were used for the estimation of sulfanilamide on
second derivative.



The results show the absence of interferences from the excipients on the
determination of the two drugs by using this method, therefore; it was
possible to be applied for the determination of these drugs in their
pharmaceutical compounds and synthetic samples.

Partial least-squares (PLS) method was applied for simultaneous
spectrophotometric assay of sulfamethoxazole and sulfanilamide in their
mixture. In this study, training (calibration) set was prepared relying on rule
of ten i.e. Twenty binary mixtures were selected (from the sixty five
prepared mixtures basing upon linearity ranges of SMZ 2.0-50.0 pg.mL
and 2.0-50.0 ug.mL* for SNA) by random design.

The calibration matrix was obtained as digital data by scanning the
absorption spectrum for each of the twenty selected solutions of SMZ and
SNA mixtures, in the range 190-350 nm with 1nm data interval, 0.5 nm silt
width, and medium scan speed. Originpro software version 9.1.0, 2013
program is used to build up PLS-1 and PLS-2 regression modes and the
concentration of two drugs was predicted. The results of relative standard
deviation percentage (RSD %) (0.0277- 0.8012) and relative error
percentage (RE %) (-0.2151-0.5975) indicated excellent accuracy and
precision of the PLS method for simultaneous prediction of the
concentrations of SMZ and SNA. The method was successfully used for
simultaneous determination of SMZ and SNA in their synthetic sample
mixtures.

The results obtained from the derivative technique and partial least
squares method for the two drugs was compared to each other and F-test
values were calculated.
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Figure 4-67: Calibration curves obtained via second derivative
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Figure 4-72: First derivative spectra of (5-50 pg.mL?)
sulfanilamide in the presence of (15 pg.mL™) sulfamethoxazole.
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Figure 4-73: First derivative spectra of (5-50 pg.mL™)
sulfanilamide in the presence of (20 pg.mL™) sulfamethoxazole.
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Figure 4-78: Calibration curves obtained via first derivative
spectra of mixture of sulfanilamide (2-50 pg.mL?) in the
presence of (2 pg.mL?) sulfamethoxazole, for peak-to-baseline at
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Figure 4-79: Calibration curves obtained via first derivative
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between (F) (224-246 nm), (G) (246-271 nm) and (H) height-to-
height between (241.95-271 nm).
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Figure 4-86: Calibration curves obtained via first derivative
spectra of mixture of sulfanilamide (2-50 pg.mL™) in the presence
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Figure 4-93: Calibration curves obtained via first derivative
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Figure 4-96: Second derivative spectra of (5-50 pg.mL™)
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174

Figure 4-101: Second derivative spectra of (2-50 pg.mL?)
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Figure 4-102: Second derivative spectra of (2-50 pg.mL™?)
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spectra of sulfanilamide for peak-to-baseline at (A) 218 nm, (B)
231 nm, (C) 260 nm, (D) 278 nm, (E) height at zero cross at 254
nm and (F) height at zero cross at 281 nm.
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Chapter One Introduction

Chapter One
1 Introduction

1-1 Ultraviolet-Visible (UV-VIS) Absorption Spectroscopy

Absorption of light by solution is one of the oldest and still one of the
most useful instrumental methods . Ultraviolet-Visible Spectroscopy is
a technique that measures the interaction of molecules with
electromagnetic radiation between 190 nm to about 800 nm and is
divided into the ultraviolet (UV, 190 to about 400 nm) and visible (VIS,
about 400-800 nm) regions @3,

The energy of this radiation is absorbed from analyte species and it is
used to promote their valance electrons from the ground state to an
excited state®®. A spectrum is obtained when the absorption of light is
measured as a function of its frequency or wavelength®. Absorbing
species include organic molecules and ions as well as a number of
inorganic anions @,

The absorption of UV or visible radiation corresponds to the three
types of electronic transition ©):

1. Transitions involving 7, 6, and n electrons.
2. Transitions involving charge-transfer electrons.
3. Transitions involving d and f electrons.

Ultraviolet-Visible Spectroscopy have somewhat limited application
for qualitative analysis because the number of absorption maxima and
minima are relatively few while Lambert-Beer law offers a valuable and
simple method to the chemist for quantitative analysis ¢,

In general, spectroscopic measurements are high sensitive,
nondestructive, have good accuracy, and require only small amounts of
material for analysis @4, thus it has innumerable applications in the
drugs and pharmaceutical industry ©.

1-2 Antibacterial Drugs

Antibacterials are drugs of natural or synthetic origin that have the
capacity to kill or to inhibit the growth of micro-organisms. Antibacterials
that are sufficiently non-toxic to the host are used as chemotherapeutic agents
in the treatment of infectious diseases amongst humans, animals and plants ©.
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The first antibacterial agent in the world was salvarsan as shown in
scheme (1-1), an organoarsenic compound was found to be highly
effective for the treatment of syphilis (replacing mercury which had often
disastrous side effects) that was synthesized by a German medical doctor
and researcher named Paul Ehrlich, who is known as the father of
immunology and chemotherapy. He had won the Nobel Prize for
medicine in 1908 9,

Ehrlich hypothesized that certain dyes could selectively “stain”
harmful bacteria cells without harming host cells. He referred to such
compounds as “magic bullets” and coined the term chemotherapy as a
general descriptor for chemical remedies targeted to selectively Kill
infectious cells &9,

HoN NH,

vo— N pc—ps—< N\ _ony 2HCI

Scheme 1-1: Structure of salvarsan.

1-2-1 Classification of antibacterial drugs and their mechanism of action
Antibacterial drugs have selective toxicity against the infecting

organisms and are usually divided into two groups “9:

a. Bacteriostatic, those that inhibit growth of the organism.

b. Bactericidal, those that kill the organism.

Antibacterial agents primarily act by ®:

1. Inhibiting cell wall synthesis e.g.; penicillin, cycloseriene,
vancomycin and bacitracin.

2. Damaging/inhibiting the cell membrane function e.g.; Polymixins,
collistins, Polyene antibiotics and detergents.

3. Inhibition of Protein synthesis and impairment of ribosomal functions
e.g.; tetracycline, erythromycin, streptomycin and chloramphenicol.

4. Inhibition of nucleotide synthesis there by interfering with the
transcription and translation of genetic information e.g.; quinolones,
metronidazole and rifampicin.

5. Inhibiting of folic acid synthesis e.g.; sulfonamides, trimethoprim.
Figure 1-1 refers to the mechanism of action of antibacterial drugs.

2
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Examples: sulfonilamide,
trimethoprim

Figure 1-1: Mechanism of action of antibacterial drugs.
1-2-2 Sulfonamides

1-2-2-1 Definition

Sulfonamides are one of a group of drugs derived from (4-amino
benzene sulfonamide) also called sulfanilamide, they were the first
chemotherapeutic agents used to treat and prevent bacterial infections in
humans and animals. Sulfonamides are broad spectrum bacteriostatic
drugs; they work by inhibiting the growth and multiplication of bacteria
without killing them (1213),

Sulfonamides are commonly used in the treatment of urinary tract
infections, eye infections and as a prophylaxis of rheumatic fever(?,
gastrointestinal tract infections, respiratory infections”, Nocardia
infections*, and veterinary medicine ®.

Sulfonamides have the potential to cause a variety of untoward
reactions, including urinary tract disorders, haemopoietic disorders,
prophyria, and hyper sensitivity reactions. When used in large doses, they
may cause a strong allergic reaction 9,

1-2-2-2 Discovery

The sulfonamides story was begun when doctor Gerhard Domagk and
other researcher discovered a red azo dye called "Prontosil" that was
inactivate in vitro but activate in vivo 2,
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In 1932 Gerhard Domagk performed a miraculous cure when he used
Prontosil to treat child had 10-month old suffering from a fatal
staphylococcal infection, in 1935 he cured his daughter of same infection.
Systematic testing followed and Domagk had won the Nobel Prize in
1939 in medicine ©12),

The antibacterial properties of Prontosil had nothing at all to do with
its being a dye. In the body Prontosil undergoes a reductive cleavage of
its azo linkage to form sulfanilamide, which is the agent responsible for
the observed biological activity as shown in below equation. This is why
Prontosil is active in vivo, but not active in vitro 2,

NH2

Cleavage
HaN N=N SO:NH2 ———————» HZN@SOZNHZ

P rontosil Sulfanilamide

During the period 1935-1946, over 5000 compounds related to
sulfanilamide were prepared. The sulfa drugs are used less now than they
were in mid-twentieth century, not only are more active, less toxic
antibiotics available, such as the penicillins and tetracyclines, but many
bacteria that were once susceptible to sulfa drugs have become resistant 2.,

1-2-2-3 Mechanism of action

Sulfonamides called folate pathway inhibitors or anti-metabolites @7
Sulfonamides are analogues with p-amino benzoic acid (PABA), that is
part of folic acid, thus they compete with it for the enzyme
dihydropteroate synthetase, and affect the synthesis of dihydrofolic acid
that is required by the bacteria *®%, Figure 1-2 shows the mechanism of
inhibition of folic acid synthesis by sulfonamides 9,

Folic acid is essential for the synthesis of adenine and thymine, two
of the four nucleic acids that make up our genes, DNA and RNA both in
bacteria and in mammals. Bacteria need PABA because they are
incapable of using folic acid directly, but mammals obtain their folic acid
in their diet, thus a lack of PABA does not affect them (8.13),
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PABA ¢ PABA
\ 2
‘ Dihydrofolic acid
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Figure 1-2: (A) Role of PABA in folic acid synthesis in bacteria,
(B) inhibition of folic acid synthesis by sulfonamides.

Sulfonamides are rarely used alone today. The sulfonamides are used
in combination with trimethoprim and other drugs; this combination
blocks two distinct steps in folic acid metabolism and prevents the
emergence of resistant strains. Trimethoprim is bacteriostatic drug that
ties up dihydrofolate reductase anzyme and inhibit formation of
tetrahydrofolic acid. Its antibacterial spectrum is similar to that of
sulfonamide, but the antibacterial action is stronger 319,

1-2-2-4 Sulfamethoxazole (SMZ)

Sulfamethoxazole is a member of the sulfonamide family of
antibacterials. Its use has been limited by the development of resistance
and it is now used mainly as a mixture with trimethoprim 9,

Mixture of sulfamethoxazole and trimethoprim which is known as co-
trimoxazole is used to treat a wide variety of bacterial infections e.g.:
middle ear infections, genito-urinary tract infections, respiratory-tract
infections such as bronchitis, and enteric infections. Its main uses now are
In Pneumocystis carinii pneumonia, toxoplasmosis, and nocardiosis.
Gastrointestinal disturbances (mainly nausea and vomiting) and skin
reactions are the most common adverse effects for this drug combination @422,
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Scheme 1-2: The structure formula of sulfamethoxazole.

1-2-2-5 General properties of sulfamethoxazole(®329
Some general properties of sulfamethoxazole are shown in Table 1-1.

Table 1-1: Some general properties of sulfamethoxazole.

Chemical Name 4-Amino-N-(5-methyl-3-isoxazolyl)
benzene sulfonamide

Additional Name Sulfamethoxazole (SMZ)

Appearance White to slightly off-white
crystalline powder

Molecular Formula C10H11N303S

Molecular Weight (g.mol*?) 253.28

Melting Point 167 °C
Slightly soluble in water, soluble in

Solubility acetone, ethanol, methanol and
dissolves in dilute solutions of sodium
hydroxide and in dilute acids

Storage Store in cool place and protected from
light

Therapeutic Antibacterial agent

1-2-2-6 Sulfanilamide (SNA)

Sulfanilamide (also spelled sulphanilamide) is a sulfonamide
antibacterial. Chemically, it is a molecule containing the sulfonamide
functional group attached to an aniline. As a sulfonamide antibiotic, it
functions by competitively inhibiting (i.e., by acting as a substrate
analogue) enzymatic reactions involving para-aminobenzoic acid
(PABA).® PABA is needed in enzymatic reactions that produce folic
acid which acts as a coenzyme in the synthesis of purine, pyrimidine and
other amino acids.
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The term "sulfanilamides" is also used to describe a family of molecules
containing these functional groups. Examples include:

« Furosemide, a loop diuretic
« Sulfadiazine, an antibiotic
« Sulfamethoxazole, an antibiotic

Sulfanilamide was first prepared in 1908 by Paul Gelmo as part of his
dissertation for a doctoral degree from the Technische Hochsschule of
Vienna, Austria®). It was patented in 1909%¢". Gerhard Domagk, who
directed the testing of the prodrug Prontosil in 1935,® and Jacques and
Thérese Tréfouél, who along with Federico Nitti and Daniel Bovet in the
laboratory of Ernest Fourneau at the Pasteur Institute, determined
sulfanilamide as the active form@), are generally credited with the
discovery of sulfanilamide as a chemotherapeutic agent. Domagk was
awarded the Nobel Prize for his work®?,

Sulfanilamide is a medicinal compound used to guard against certain
bacterial infections. It is frequently used in the form of a topical cream or
powder to treat surface infections, as well as a pill for internal infections.
It falls into the category of sulfonamide antibacterial drugs, Common
infections treated by sulfanilamide include urinary tract infections,
vaginal infections, strep throat, and some staph infections. Depending on
the type of infection, either a cream or a pill will be prescribed.

Sulfanilamide works as an antibiotic by hindering bacterial growth
within the body. Like other sulfonamide compounds, its mechanism
involves blocking a specific chemical pathway in bacteria. It acts as a
competitive inhibitor for the compound para-aminobenzoic acid (PABA),
which means that it mimics the structure of PABA. Bacterial enzymes
will bind to sulfanilamide instead of PABA, which stops their activity and
slowly kills the cell ),

O

0
H,N Q/

NH,

Scheme 1-3: The structure formula of sulfanilamide.
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1-2-2-7 General properties of sulfanilamide 13233
Some general properties of sulfanilamide are shown in Table 1-2.

Table 1-2: Some general properties of sulfanilamide.

Chemical Name 4-aminobenzenesulfonamide

Additional Name Sulfanilamide (SNA)

Appearance White or yellowish-white crystals or
fine powder

Molecular Formula CeHsN202S

Molecular Weight (g.mol*?) 172.205

Melting Point 165.0 °C
Soluble in boiling water, glycerol,

Solubility hydrochloric acid, potassium
hydroxide and sodium hydroxide
solution.

Storage Store in cool place and protected from
light

Therapeutic Antibacterial agent

1-2-2-8 Methods for the determination of sulfonamides

A- Spectrophotometric methods

Nagamalleswari et al® developed four simple, sensitive and
reproducible spectrophotometric methods (Method A, Method B, Method
C and Method D) for the determination of sulfacetamide (SFA) in pure
form and its pharmaceutical formulation. Method A was developed based
on diazotization of the SFA by sodium nitrite in acidic medium followed
by coupling with BM regent (N-(1-napthyl) ethylene di-amine di-
hydrochloride) having absorption maximum at 530 nm. Method B was
developed based on reaction of NQS with primary amine in SFA in
presence of alkaline medium having maximum absorption at 466 nm.
Method C was based on reaction of primary amine with MBTH in
presence of FeCls having maximum absorption at 562 nm. Method D was
developed based on reduction of phosphor molybdo tungstic acid in
presence of alkali medium having an absorption maximum at 760 nm.
Beer’s law was obeyed in the range of 1-3 pg.mL™* for Method A, 5-30
ug.mL? for Method B, 10-50 pg.mL? for Method C, and 100-300
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ug.mL?* for Method D. These methods were successfully validated and
estimated in bulk and pharmaceutical formulations.

The applicability of a novel net analyte signal standard addition
method to the resolving of overlapping spectra corresponding to the
sulfamethoxazole and trimethoprim was verified by UV-visible
spectrophotometry. The results confirmed that the net analyte signal
standard additions method with simultaneous addition of both analytes is
suitable for the simultanecous determination of sulfamethoxazole and
trimethoprim in aqueous media. Moreover, applying the net analyte signal
standard additions method revealed that the two drugs could be
determined simultaneously with the concentration ratios of
sulfamethoxazole to trimethoprim varying from 1:35 to 60:1 in the
mixed samples. In addition, the limits of detections were 0.26 and 0.23
umol. Lt for sulfamethoxazole and trimethoprim, respectively. The
proposed method has been effectively applied to the simultaneous
determination of sulfamethoxazole and trimethoprim in some synthetic,
pharmaceutical formulation and biological fluid samples®®,

Upadhyay et al®® study a solid phase extractive spectrophotometric
method for the determination of three sulfa drugs in bulk, in
pharmaceutical dosage forms and in biological fluids was developed. The
method is based upon coupling of diazotized sulfa drug with
phloroglucinol in an acidic medium. The resulting yellow dye has
absorption maximum at 420 nm and the resulting dye is stable for several
days. The Beer’s law range for sulfamethoxazole, sulfacetamide and
sulfadiazine in aqueous medium are 0.2-2.0, 0.2-2.0 and 0.1-1.0 pg.mL™*
respectively and in extractive medium range for above drugs are 0.02-
0.20, 0.02-0.20, and 0.01-0.10 pg.mL™. The molar absorptivities for the
sulfa drugs were 9.21x10° 7.79x10° and 1.820x10° L.mol*.cm?
respectively. The developed method is free from the interference of
common excipients used in pharmaceutical dosage. The method was also
used for the determination of sulfa drugs in pharmaceutical dosage as
well as in human serum and urine samples.

Spectrophotometric methods are proposed for assay of drugs
containing a phenol group and drugs containing an aromatic amine group
in pharmaceutical dosage forms. The methods are based on coupling of
(N,N-diethyl-p-phenylene diamine sulfate) with the drugs in the presence
of KlO4 to give a green colored product (A max at 670 nm) and a red
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colored product (A max at 550 nm), respectively. Linear relationships
with good correlation coefficients (0.9986-0.9996) were found between
absorbance and the corresponding concentration of drugs in the range 1-
25 pg.mL. Variable parameters such as temperature, reaction time and
concentration of the reactants have been analyzed and optimized. The
RSD of intra-day and inter-day studies was in the range of 0.2-1.0 and
0.4-1.0 %, respectively. The reliability and performance of the proposed
methods were validated statistically; the percentage recovery ranged from
99.5 £ 0.1 t0 99.9 + 0.3 %. Limits of detection were ranged from 0.14-
0.51 pg.mL* @9,

Sulfacetamide sodium (SFA) and sulfamethoxazole (SMZ) were
determined by spectrophotometric method in  pharmaceutical
preparations. The method was based on the oxidative coupling organic
reaction of SFA and SMZ with pyrocatechol in the presence of sodium
periodate to form red water soluble product with maximum absorbance at
500 nm for both drugs. The reaction conditions were studied and
optimized. The linear in the range for the determination of SFA and SMZ,
and the detection limit were 2-26 and 2-26 pg.mL™?, and 0.855 and 0.764
ug.mL?, respectively. The effect of the substrates commonly employed
as excipients with SFA and SMZ have been studied ©®),

Two spectrophotometric methods (Method A and Method B) were
suggested by Raja et al ®% for the determination of sulfamethoxazole in
bulk and in dosage forms. Method A is based on reduction of phosphor
molybdic acid present in Folin Ciocalteau reagent by the drug
sulfamethoxazole in the presence of sodium carbonate to form a blue
colored chromogen having maximum absorption at 760 nm. Method B is
based on the diazotization of the drug by sodium nitrite in acidic medium
at 5 °C followed by coupling with orcinol to form yellow colored species
(Amax 390 nm). Beer’s law is obeyed in the range of 5-25 pg.mL™* for
method A and 2-10 pg.mL* for method B. Results of analysis were
validated statistically and by recovery studies. These methods are
successfully employed for the determination of sulfamethoxazole in
various pharmaceutical preparations and biological fluids.

Nagaraja et al ©® analyze some sulfonamide  drugs
spectrophotometrically. The method is based on the diazotization of
sulfacetamide, sulfadiazine, sulfaguanidine, sulfamerazine, sulfamethazine,
sulfamethoxazole, and their coupling with 8-hydroxyquinoline in alkaline
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media to yield red colored products with absorption maxima at 500 nm.
Beer’s law is obeyed from 0.1-7.0 pg.mL™. The limits of quantification
and limits of detection were 0.11- 0.18 pg.mL™* and 0.03- 0.05 pg.mL™*,
respectively. Intraday precision (RSD 0.1- 0.5 %) and accuracy (recovery
97.3-100.8 %) of the developed method were evaluated. No interference
was observed from common adjuvants. The method has been successfully
applied to the assay of sulfa drug in pharmaceutical formulations.

Hajian et al® study, a net analyte signal standard addition method has
been used for the simultaneous determination of sulphadiazine and
trimethoprim by spectrophotometry in some bovine milk and veterinary
medicines. The method combines the advantages of standard addition
method with the net analyte signal concept which enables the extraction
of information concerning a certain analyte from spectra of multi-
component mixtures. This method has some advantages such as the use of
a full spectrum realisation, therefore it does not require calibration and
prediction step and only a few measurements require for the
determination. Cloud point extraction based on the phenomenon of
solubilisation used for extraction of sulphadiazine and trimethoprim in
bovine milk. It is based on the induction of micellar organised media by
using Triton X-100 as an extraction solvent. At the optimum conditions,
the norm of NAS vectors increased linearly with concentrations in the
range of 1.0-150.0 umolL* for both sulphadiazine and trimethoprim. The
limits of detection (LOD) for sulphadiazine and trimethoprim were 0.86
and 0.92 umol L2, respectively.

Sulfanilic acid was determined by spectrophotometric method in the
presence of sulfonamides. This method is based on measuring the
intensity of the red colour that develops when sulfanilic acid is allowed to
react with potassium 1,2-naphthoquinone-4-sulphonate (NQS) in a
chloroaceticchloroacetate buffer at pH 3,4. Color development reaches
completion after 2h, allowing sulfanilic acid to be quantified
spectrophotometrically at 470 nm (g = 4.7 x 10® L mol™* cm™). The main
product causing colour formation, potassium 1,2-naphthoquinone-4-(N-
aminophenylen-4-sulphonate) (NQSSA), was isolated and characterized.
When samples also contain sulfonamides an extraction into chloroform
must be performed. Sulfanilic acid in binary mixtures with sulfanilamide,
sulfacetamide, or sulfathiazole can be determined either by direct
measurement of the aqueous phase after extraction at 470 nm or by
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subtracting from the absorbance of the aqueous phase before extraction
the absorbance of sulfonamide as determined by measuring the extracted
chloroform phase at 345 nm. Sulfadiazine, sulfamethoxipyridazine, and
sulfamethoxazole interferences are prevented by their extraction into
chloroform at pH 7.2; these species cannot be determined. The effects of
pH, reagent concentration, time, and temperature on colour formation
were investigated. In all cases the standard addition method gave more
accurate results. The method was applied to several pharmaceutical
samples®?),

Betageri et al®® applied rapid, simple and sensitive Kinetic
spectrophotometric methods for the determination of some sulfa drugs
namely Sulfacetamide Na, sulfadimidine and Sulfanilamide. The method
based on oxidation of each of studied drugs with alkaline potassium
permanganate. The reaction is followed spectrophotometrically by
measuring the rate of change of absorbance at 526 nm &amp; 610nm.
The rate constant and fixed time methods are utilized for construction of
calibration graphs to determine the concentration of the studied drugs.
The results are validated statistically and checked through recovery
studies. The method has been successfully applied for the determination
of the studied sulfa drugs in commercial dosage forms.

Givianrad et al® performed a spectrophotometric method for the
determination of sulfamethoxazole (SMZ) and trimethoprim (TMP)
mixtures in bovine milk by simultaneous method is, due to spectral
interferences, a difficult problem in analytical chemistry. By means of
multivariate calibration methods, such as partial least square (PLS)
regression, it is possible to obtain a model adjusted to the concentration
values of the mixtures used in the calibration range. A genetic algorithm
(GA) is a suitable method for selecting the wavelengths for PLS
calibration of mixtures with almost identical spectra without the loss of
prediction capacity using a spectrophotometric method. In this study, a
calibration model is based on the absorption spectra in the 200-400 nm
range for 25 different mixtures of SMZ and TMP. Calibration matrices
were formed from samples containing 0.25-20.00 and 0.3-21.0 mug mL™*
for SMZ and TMP, at pH 10, respectively. The root mean squared error
of deviation (RMSED) for SMZ and TMP with PLS and genetic
algorithm partial least square (GAPLS) were 0.242 and 0.066 mug mL™,
and 0.074 and 0.027 mug mL™, respectively. This procedure allowed the
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simultaneous determination of SMZ and TMP in synthetic and real
samples and good reliability of the determination was proved.

Givianrad et al® study the applicability of H-point standard additions
method (HPSAM) to the resolving of overlapping spectra corresponding
to the sulfamethoxazole and trimethoprim which are verified by UV-vis
spectrophotometry. The results show that the H-point standard additions
method with simultaneous addition of both analytes is suitable for the
simultaneous determination of sulfamethoxazole and trimethoprim in
agueous media. The results of applying the H-point standard additions
method showed that the two drugs could be determined simultaneously
with the concentration ratios of sulfamethoxazole to trimethoprim varying
from 1:18 to 16:1 in the mixed samples. Also, the limits of detections
were 0.58 and 0.37 mp mol L for sulfamethoxazole and trimethoprim,
respectively. In addition, the means of the calculated RSD (%) were 1.63
and 2.01 for SMZ and TMP, respectively in synthetic mixtures.

B- Chromatographic methods

The method of liquid-phase microextraction assisted with voltage was
developed and applied on the determination of sulfonamides in water
samples. Four analytes, sulfamethazine, sulfathiazole, sulfadimethoxine,
and sulfamethoxazole were extracted from a sample solution at pH 4.5
through a polypropylene membrane of immobilized with 2-octanone, and
then into 25 L of the acceptor phase of 10 mM sodium hydroxide, and
applied voltage of 100 V. Subsequently, the acceptor solution was
directly subjected to analysis by LC-MS or capillary zone electrophoresis.
Linearity was obtained in the range of 1.0-25.0 ng.mL"* with R-2 > 0.992
in LC-MS, and 50-1000 ng.mL* with R-2 > 0.995 in capillary zone
electrophoresis. The development of VA-LPME was also applied in
analysis of sulfonamides in water samples to evaluate its practical
applicability.“®

A new method based on the use of off-line dispersive solid-phase
extraction (dSPE) combined with ultra-high performance liquid
chromatography with diode-array detection was developed to determine
11 sulfonamide antibiotics (sulfanilamide, sulfacetamide, sulfadiazine,
sulfathiazole, sulfamerazine, sulfadimidin, sulfamethoxypyridazine,
sulfadoxine, sulfamethoxazole, sulfisoxazole and sulfadimethoxine) in
mineral waters with different mineral content. For this purpose, pristine
multi-walled carbon nanotubes (MWCNTSs) and magnetic-MWCNTSs (m-
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MWCNTSs) were used as sorbents. Magnetic nanoparticles were
synthesized by means of a solvothermal process, assembled onto CNTs
through an "aggregation wrap™ mechanism and characterized by scanning
electron microscopy. Parameters affecting the extraction such as volume
and pH of the sample, amount of sorbent and type and volume of eluent
were optimized. Once optimum extraction conditions (250 mL of water at
pH 6.0 and elution with 25 mL of MeOH) were obtained, the extraction
efficiency of the different carbon nanomaterials was compared. Results
demonstrated the higher extraction capacity of pristine MWCNTSs with
recoveries between 61 and 110% (except for sulfacetamide which ranged
between 40 and 53%) and between 22 and 77% for m-MWCNTSs. Limits
of detection lower than 32 ng/L were achieved for all of the analyzed
samples 7).

Sulfonamides (SAs) are one of the most frequently used antibiotics.
SAs have been found in various environmental compartments. If SAs are
not degraded in the environment, they can affect bacteria by their
antibiotic properties and contribute to bacterial antibiotic resistance.
Therefore, the biodegradability of 11 SAs (sulfanilamide, sulfaguanidine
monohydrate, sulfadiazine, sulfathiazole, sulfapyridine, sulfamerazine,
sulfamethoxypyridazine, sulfachloropyridazine, sulfamethazine,
sulfamethoxazole, and sulfadimethoxine) was studied. For this purpose,
the Closed Bottle Test (CBT, OECD 301D) was performed, which
includes a toxicity control. In order to monitor the environmental fate of
the parent compound and to check for transformation products, a simple,
efficient, and reliable HPLC-UV method for the simultaneous
determination of these SAs has been developed. Acetonitrile and water
(with 0.1% formic acid) were used as mobile phase solvents for gradient
elution. The method was validated in terms of precision, detection and
quantitation limits, selectivity, and analytical solution stability. In the
CBT, none of these SAs was readily biodegradable. The HPLC-UV
analysis confirmed that no degradation of any SA took place. In the
toxicity control, these SAs showed no toxic effect in the used
concentration of environmental bacteria applied in the test.“®

A robust and sensitive analytical method is developed to quantitatively
determine tetracyclines and sulfonamides, two major antibiotic classes, in
sewage sludge. The antibiotic agents, oxytetracycline, tetracycline,
dioxycycline, chlorotetracycline, sulfathiazole, sulfapyridine,
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sulfamethazine and sulfamethoxazole, were extracted using pressurized
liquid extraction (PLE) with citric acid at pH 3 and methanol (1:1 v/v).
Clean-up of the extracts was performed by solid phase extraction (SPE)
with  hydrophilic-lipophilic balance cartridges. Identification and
quantification of the compounds is by liquid chromatography-tandem
mass spectrometry in multiple reaction monitoring (MRM) mode. High
recoveries ranging from 90.4 to 99.9% for sulfonamides and 96.2 to
100.9% for the tetracyclines are obtained. Method detection limits
(MDLs) range from 0.6 to 4.2 ng/g for sulfonamides and 3.2 to 13 ng/g
for tetracyclines. After validation, the method is applied to the analysis of
sludges collected from different WWTPs in Spain “9)

Two multivariate calibration methods are compared for the
simultaneous chromatographic determination and separation of
Sulfamethoxazole (SMZ) and Phthalazine (PHZ) by High Performance
Liquid Chromatography (HPLC). Multivariate calibration techniques
such as Classical Least Squares (CLS) and Inverse Least Squares (ILS)
were introduced into HPLC to determine the quantification by using UV
detector at 235, 250, 260 and 270 nm. Sixteen binary mixtures of SMZ
and PHZ as calibration set and eight binary mixtures as prediction set
were used. Results show that, Relative Errors of Prediction (REP) of CLS
and ILS for SMZ and PHZ were 0.17%, 0.63% and 0.15%, 0.56%,
respectively.®9

An ionic liguid aqueous two-phase system (ILATPS) of 1-butyl-3-
methyl imidazolium tetrafluoroborate ([Bmim]BF;)/ammonium citrate
((NH4)3CeHsO7) coupled with high-performance liquid chromatography
was developed for the separation and determination of sulfadiazine (SD)
and sulfamethoxazole (SMZ) in water samples as well as aquaculture
products. The effect of such parameters as the types and concentrations of
salts, temperature, the concentrations of SD and SMZ and the extraction
time on the partitioning behavior expressed in terms of extraction
efficiency has been evaluated. Under the optimal conditions, this
extraction method has been successfully applied to the analysis of SD and
SMZ in water samples and aquaculture products with the recoveries of
98.29-99.55 % (SD) and 92.09-99.82 % (SMZ). The detection limits for
two analytes were 0.9 ng mL? (SD) and 1.8 ng mL? (SMZ). In
comparison with the traditional solvent extraction, ILATPS is much
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simpler and more environmentally friendly for the separation and
enrichment of the sulfonamides antibiotics ©.

lonic liquid-salt aqueous two-phase extraction coupled with high-
performance liquid chromatography with ultraviolet detection was
developed for the determination of sulfonamides in water and food
samples. In the procedure, the analytes were extracted from the aqueous
samples into the ionic liquid top phase in one step. Three sulfonamides,
sulfamerazine, sulfamethoxazole, and sulfamethizole were selected here
as model compounds for developing and evaluating the method. The
effects of various experimental parameters in extraction step were studied
using two optimization methods, one variable at a time and Box-Behnken
design. The results showed that the amount of sulfonamides did not have
effect on the extraction efficiency. Therefore, a three-level Box-Behnken
experimental design with three factors, which combined the response
surface modeling, was used to optimize sulfonamides extraction. Under
the most favorable extraction parameters, the detection limits and
guantification limits of the proposed method for the target compounds
were achieved within the range of 0.15-0.30 ng/mL and 0.5-1.0 ng/mL
from spiked samples, respectively, which are lower than or comparable
with other reported approaches applied to the determination of the same
compounds. Finally, the proposed method was successfully applied to the
determination of sulfonamide compounds in different water and food
samples and satisfactory recoveries of spiked target compounds in real
samples were obtained. ¢2

A fast and reliable method of liquid chromatography and ultraviolet
detection of sulfaguanidine, sulfadiazine, sulfamethazine, sulfamethizole,
and sulfamethoxazole in feeding stuffs was described. The method
involves the procedure of preparation of spiked samples, and extraction
of sulphonamides from the matrix using a mixture of methanol and
acetonitrile, followed by drying the extract and dissolving it in a
phosphate buffer. The analysis uses octadecyl (C18) analytical column
with UV detection at lambda = 260 nm and a gradient programme of
mobile phase composition. The analytical procedure has been
successfully adopted and validated for quantitative determination of the
sulfonamides in feeding stuff samples. Validation included sensitivity,
specificity, linearity, repeatability, and intra-laboratory reproducibility.
The mean recovery of sulfonamides was 84%, within the working range
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of 200-2000 pg/g. Direct, simple sample preparation and HPLC-UV
analysis allow the method to be successfully included in the scope of
routine analyses.®®

A dispersive liquid-liquid micro extraction (DLLME) procedure
combined with ultra-high performance liquid chromatography with
diode-array detection was developed to determine 25 antibacterials in
mineral and run-off waters. Optimum DLLME conditions (5 mL of water
at pH=7.6, 20% (w/v) NaCl, 685 uL of CHClIs as extractant solvent, and
1250 uLL of ACN as disperser solvent) allowed the repeatable, accurate
and selective determination of 11 sulfonamides and 14 quinolones. The
method was validated by means of the obtention of calibration curves of
the whole method as well as a recovery study at two levels of
concentration. The D.Ls of the method were in the range 0.35-10.5 pg.L*
with recoveries between 78 % and 117 % ©4,

Shaaban and Go’recki®® introduce a fast analytical method based on
HPLC-UV using a sub-2 mm column at elevated temperature for the
simultaneous determination of nine sulfonamides. Owing to the lower
viscosity of the mobile phase, the separation could be achieved in 3 min.
at 60 °C for all analytes. The effect of temperature, the organic modifier
percentage and the flow rate on the retention time were studied. The
method developed was used for the determination of selected
sulfonamides in surface and waste water samples. Sample preparation
was carried out by solid phase extraction. The method developed was
validated based on the linearity, precision, accuracy, detection and
quantification limits. The recovery ranged from 70.6 to 96.0 % with
standard deviations not higher than 4.7%, except for sulfanilamide.
Limits of detection were ranged from 1 to 10 mg.L* after optimization of
all analytical steps.

A fast and sensitive method was developed by Liu et al ©® for the
simultaneous quantitative determination of 16 sulfonamides in animal
feeds using ultra-high performance liquid chromatography tandem mass
spectrometry. With the developed method, a feed sample can be analyzed
in less than 2 h. A solid phase extraction method using acetonitrile and
basic alumina column was developed to extract and purify sulfonamides
from animal feeds. The analysis time can be greatly reduced with this
method compared with previous reports. A linear range of 0.2~40 ng.mL
(R? > 0.996) were obtained for most of the compounds. The limits of
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quantification for all sulfonamides were in the range of 0.5~20 pg.kg™.
The high precision and accuracy of this method were represented by
average recoveries ranging from 80% to 120% and coefficients of
variation of less than 10% for spiked animal feed samples. The method is
suitable for fast determination of sulfonamides in concentrates, premixes,
and complete feeds.

Thin layer chromatography with fluorometric scanning densitometry
were used for assay of 15 sulfonamides. After addition of an internal
standard, the tissue is extracted with ethyl acetate. The sulfonamides are
then partitioned into glycine buffer. After pH adjustment, the aqueous
phase is extracted with methylene chloride. Separation of the drugs from
co-extractives is carried out on a silica gel plate containing a pre-
adsorbent spotting area. Visualization is accomplished using UV light
after dipping in fluorescamine solution ¢,

A micellar electrokinetic capillary chromatography method was
performed at 25 °C and 30 kV (under pressure 15 mbar) using 25
mmol.dm- phosphate buffer (pH = 8.0) containing 70 mmol.dm=3 sodium
dodecyl sulfate and 10 % (volume fraction) methanol as the background
electrolyte for separation and determination of SMZ, SFA and other
drugs. UV detection was set at 210 nm. The method was validated and
antibacterials were quantitatively determined as additives in spiked
animal feedstuffs. Results were compared with a new HPLC method for
the evaluation of four antibacterials in real samples. Both developed
methods can be used for routine analysis of these drugs as additives in
animal feedstuffs ©®,

C- Flow injection analysis

Ozkorucuklu et al ©% used a polypyrrole (PPy) electrode as a
potentiometric electrochemical detector in a flow injection system in
order to determine sulfamethoxazole in pharmaceutical formulations. The
PPy electrode was prepared by cyclic voltammetry in acetonitrile
solution. A linear relationship was observed over the concentration range
of 2.5x10°-1.25x10° M with a correlation coefficient of 0.9977 and
detection limit (DL) of 1.03x10® M. The recoveries in tablet and syrup
formulations were found as 97.4 and 90.8% with the relative standard
deviations of 0.62 and 1.04 %, respectively, which closely agree with
those measured by high performance liquid chromatography (HPLC) with
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UV detector. Therefore, it was concluded that the PPy electrode can be
used as an alternative novel potentiometric detector material for
determination of sulfamethoxazole in pharmaceuticals with the
advantages of easy preparation and regeneration capability of the
electrode surface.

A flow injection spectrophotometric method is described for the
estimation of sulfonamides in aqueous and biological samples. The
method is based on the oxidative coupling reaction of 4-amino-N,N-
diethylaniline with sulfonamide drugs in the presence of potassium
dichromate as oxidizing agent. Intense violet, water soluble dye was
obtained which has a maximum absorption at 550 nm. Linear calibration
graphs were obtained for different sulfonamides with a molar absorptivity
of 4200-5270 L.molt.cm? and a relative standard deviation less than
0.56 %. The proposed method has proved to be highly sensitive
(detection limit range 0.30-0.63 pg.mL? sulfonamide) and accurate
(recovery % was 98.2-101.2 %). The nature of the colored dye and its
stability constant were determined. The method was applied successfully
for the determination of sulfonamide drugs in pharmaceutical
preparations, blood and urine samples €9,

The determination is performed in a Fl-assembly by using a photo
reactor consisting of a 670 cmx0.5 mmi.d. long piece of PTFE tubing
coiled around a 8 W low-pressure mercury lamp. Linear calibration
graphs were obtained over a concentration range of 2-3 orders of
magnitude, typically in the range = 0.06-8 pg.mL* (sulfamethoxazole,
sulfacetamide, sulfadimidine, sulfanilamide, sulfathiazole,
sulfaguanidine); and in the range = 0.08-100 pg.mL* (sulfadiazine,
sulfamerazine and sulfamethoxy pyridazine). Limits of detection were
between 30 pg.mL? (for sulfanilamide) and 80 pg.mL™ (for sulfadiazine,
sulfamethoxy pyridazine, sulfadimidine and sulfaguanidine). The sample
throughput was 60 h? in all cases. The assessment of the photo
degradation step on the molecular structure of sulfonamides was
established by recording UV and fluorimetric spectra ¢V,

A flow-through sensor based on integration of spectrophotometric
detection and the different kinetics of retention/elution of analytes on a
solid support is proposed for the simultaneous determination of
sulfamethoxazole (SMZ) and trimethoprim (TMP). The solid support
(Sephadex SP C-25) fills both, a microcolumn placed on-line and the
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sensing microzone. The intrinsic absorbance of both compounds is
monitored directly on the solid phase at 269 nm and so, no derivatization
step is required. Using two alternate solutions, 10 M hydrochloric acid
and 0.20 M NaAc/HAc (pH 5.0) buffer, the sensor responds linearly in
the measuring range of 50-250 and 10-70 pug ml* with detection limits of
9.5 and 0.6 pug mlt (500 ul of sample volume) for SMZ and TMP,
respectively. The main advantages of the sensor are simplicity, rapidity
and low reagents consumption. Its application to SMZ and TMP
determination in synthetic samples and pharmaceutical preparations is
demonstrated ©2),

D- Capillary electrophoresis (CE) methods

In the present study, a rapid method for simultaneous determination of
trimethoprim and sulfamethoxazole compounds using CE with
capacitively coupled contactless conductivity detection was developed. A
favorable working region for both analytes was from 12.5 to 200 umol/L
(linear responses with R > 0.999 for N = 5). Other parameters calculated
were sensitivity (1.28 = 0.10/1.45 + 0.11) min/(umol L), RSD (4.5% /
2.0%), and LOD (1.1/3.3) pmol/L for trimethoprim and
sulfamethoxazole, respectively. Under this condition, the total run time
was only 2.6 min. The proposed method was applied for the
determination of trimethoprim and sulfamethoxazole in commercial
samples and the results were compared to those obtained by using a
HPLC pharmacopoeia method. This new method is advantageous for
quality-control analyses of trimethoprim and sulfamethoxazole in
pharmaceuticals samples, because it is rapid and precise. Moreover, it is
less laborious and demands minimum amounts of reagents in comparison
to the recommended method.(®

A rapid and effective method was developed in the first time for the
determination of four sulfonamides (SAs) and their N“-acetylated
metabolites in aquatic products using capillary electrophoresis with
accelerated solvent extraction (ASE). The eight residues were extracted
with acetonitrile at 70 °C under 10.3 MPa pressure and two static cycles
with a static time of 5 min. The eight analytes can be baseline separated
with 6 min. The standard curves for the determination of eight residues
by the capillary electrophoretic method have good linearity (r> > 0.999).
The method limits of quantification (LOQs) for N-4-acetylsulfadiazine,
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sulfadiazine, sulfamerazine, sulfamethoxazole, sulfamethazine, N-4-
acetylsulfamethazine, N-4-acetylsulfamerazine, and N-4-
acetylsulfamethoxazole in aquatic products were 26.4, 33.0, 33.0, 33.0,
39.6, 370, and 1,076 pg.kg?, respectively. Intra- and inter-day precision
(RSD) were 0.4-2.2 % and 1.4-3.5 %, respectively. Their average
recoveries with three spiked levels ranged from 83 % to 116 % with the
RSDs less than 4 %. The proposed method provides a rapid and simple
extraction procedure with high sensitivity and recoveries, and can permit
routine detection of the studied SAs residues in aquatic products at the
maximum residue level .

A simple and sensitive microfluidic capillary electrophoresis method
with laser induced fluorescence detection was developed for the analysis
of sulfonamides using fluorescein isothiocyanate as derivatization
reagent. The performance of the system was demonstrated through the
separation and determination of sulfamethazine, sulfamerazine and
sulfamethoxazole in a running buffer solution containing 20 mmol/L
borax (pH 9.2) with 15 % (v/v) ethanol. The injection and separation
voltages, the concentration of borax, pH of the buffer and the content of
ethanol in running buffer were optimized to get great influence on the
separation. This proposed method showed satisfactory sensitivity with the
limits of detection of 0.01 to 0.04 umol/L for the sulfonamides. The
method also exhibited very good reproducibility with the relative
standard deviations of not more than 9.2 and 2.2 % for fluorescence
intensity and migration time, respectively. The analysis was achieved
within only 1.6 min.©>

Yugin et al ®® developed a new capillary electrophoresis method with
field-amplified sample stacking (FASS) was developed for the analysis of
sulfadiazine and sulfamethoxazole. After optimization of the separation
and concentration conditions, the two compounds can be separated within
7 min. and quantified with high sensitivity, with detection limits of 0.48
ng.mL? for sulfadiazine and 0.76 ng.mL* for sulfamethoxazole. This
resulted in a 300-1500-fold improvement in concentration sensitivity
relative to conventional capillary electrophoresis methods. The method
was useful for qualitative and quantitative analysis of sulfadiazine and
sulfamethoxazole in their preparations with recovery of 99.0 % to 102.0 %
for sulfadiazine and 99.5 % to 99.7 % for sulfamethoxazole.
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A novel method for the simultaneous determination of sulfonamides
(SAs) in water samples has been developed by using dispersive liquid-
liquid micro extraction (DLLME) coupled with capillary electrophoresis
orthogonal and Box—Behnken designs were employed together to assist
the optimization of DLLME parameters, including volumes of extraction
and disperser solvents, ionic strength, extraction time, and centrifugation
time and speed as variable factors. Under the optimum extraction and
detection conditions, successful separation of the five (SAs) was achieved
within 5 min, and excellent analytical performances were attained, such
as good linear relationships (R > 0.980) between peak area and
concentration for each (SAs) from 0.5-50.0 pg.mL?, low limits of
detection for the five (SAs) between 0.020 and 0.570 ug.mL™ and the
intra-day precisions of migration time below 0.80%. The method
recoveries obtained at fortified 10 ug.mL™! for three water samples ranged
from 53.6 to 94.0 % with precisions of 1.23-5.60 %. The proposed
method proved highly sensitive and selective, rapid, convenient and cost-
effective, showing great potential for the simultaneous determination of
(SAs) in water samples ©7),

Sulfadiazine (SD) and sulfamethoxazole (SMZ) were estimated by
capillary electrophoresis method with field-enhanced stacking
concentration. The separation was achieved with a fused-silica capillary
(60.2 cmx75 um, effective length was 50 cm) and a running buffer
containing 50 mmol.L* NaH2POs (pH 6.0). The UV detection wavelength
was 214 nm. The applied voltage was 27.5 kV, and the cartridge
temperature was 25 (. Water plug was introduced from the anode by
3.42 kPax12 s before injection. Sample was injected by electrokinetic
injection-10 kVx9 s. The linear range of the calibration curve for SD was
0.05-10.00 mg.L with a correlation coefficient of 0.9999, and that for
SMZ was 0.025-5.00 mg.L* with a correlation coefficient of 0.9994. The
detection limits for SD and SMZ were 1.74 pg.L? and 1.39 pg.L?
respectively. The proposed method has been used to determine the SD
and SMZ in the pharmaceutical preparations with a recovery range of 98
% -103 % (SD) and 97 % -103 % (SMZ) ©9),

A capillary electrophoretic method for the simultaneous determination
of sulfamethoxazole and trimethoprim in plasma was studied.
Sulfamethoxazole and trimethoprim extracted from human plasma with
ethyl acetate were analyzed at 20 kV and 25°C using 15 mm phosphate
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buffer (pH 6.2) as the electrolyte. The detection was by UV at 220 nm.
The run time was 8.0 min and the limit of quantification was 10 pg.mL
for sulfamethoxazole and 2 pg.mL* for trimethoprim. The recovery was
>99% for both compounds. This method enabled the detection of
sulfamethoxazole and trimethoprim in plasma of patients after oral
ingestion of their combined formulation. The present simple and rapid
method is applicable to drug monitoring in immunocompromised patients
who are taking the combined formulation of these compounds for the
treatment or prophylaxis of Pneumocystis carinii pneumonia ©9.

E- Voltametric methods

PVC-based membranes of sulfamethoxazole diazonium resorcinol
(SDR) as electroactive material with dioctylphthalate (DOP),
Dioctylsebacate (DOS), o- Nitroph enyloctylether (0-NPOE) as
plasticizing solvent mediators have been found to act as Ni*? selective
sensor, the best performance was obtained with the sensor having a
membrane of composition plasticizer:PVC:ionophore in the ratio
200:100:5 mg. The sensor exhibits Nernstian response in the activity
range 5.0 x 10° to 1.0 x 10* M, performs satisfactorily over a wide pH
range (5-9), with a fast response time (10 s). The sensor was found to
work satisfactorily in partially different internal solution concentrations
and could be used over a period of 2 months. Potentiometric selectivity
coefficients were determined by matched potential method (MPM)
indicate excellent selectivity for Ni*? ions. The sensors could be used
successfully in the estimation of nickel as an indicator electrode in
potentiometric titration.("®

The performance of hydrogen- terminated (HT) and oxygen-terminated
(OT) boron-doped diamond (BDD) electrodes (electrochemically
pretreated) on the simultaneous differential pulse voltammetric
determination of sulfamethoxazole and trimethoprim in pharmaceutical
products is presented. Under the optimum analytical experimental
conditions, the HT-BDD electrode presented two well-defined oxidation
peaks at 920 and 1100 mV vs. Ag/AgCl for sulfamethoxazole and
trimethoprim, respectively. On the other hand, when the OT-BDD
electrode was used, the sulfamethoxazole oxidation current peak was
decreased twenty fold. The calculated D.L values for sulfamethoxazole
and trimethoprim using the HT-BDD electrode were 3.65 pg.L* and 3.92
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ug. L1, respectively. The results obtained in the simultaneous
determination of sulfamethoxazole and trimethoprim in three different
commercial formulations were similar to those obtained using a standard
HPLC method at 95 % confidence level (V.

Two sulfonamides, namely sulfadiazine and sulfamethoxazole, were
independently quantified in pharmaceutical products by square-wave
voltammetry (SWV) using a boron-doped diamond (BDD) electrode. The
electro analytical determination of sulfadiazine was carried out in
ethanol plus 0.5 mol.L?, H,SO, 50/50 (v/v) and of sulfamethoxazole in
ethanol plus pH 6.0 phosphate buffer 50/50 (v/v) solutions. Both analytes
showed one well-resolved irreversible oxidation peak at around +1.1 V,
which served as the analytical response. Calibration curves were obtained
in the concentration ranges of 8.01x10%-1.19x10* mol.L™* (r =0.9995) for
sulfadiazine and  6.10x10%-6.01x10° mol.L*  (r=0.9995) for
sulfamethoxazole, with respective detection limits of 2.19x10° and
1.15x10° mol.L. For both sulfonamides, recovery values were in the
range of 95-104 % for all samples, indicating no matrix interference
effects on the analytical results. The accuracy of the electro analytical
methodology reported here in was compared to the standard HPLC
method, and the values for the relative error between the proposed and
standard methods were -4.31 % for sulfadiazine and -0.79 % for
sulfamethoxazole. The data suggest a potential and interesting alternative
method for the electro analytical determination of sulfa drugs in
pharmaceuticals and other products (2 .

F- Potentiometric methods

A simple and rapid indirect potentiometric titration of
sulfamethoxazole in the presence of trimethoprim contained in co-
trimazole tablets is described. The method is based on the formation of a
complex of sulfamethoxazole with a known excess of silver ions and the
titration of unreacted silver ion potentiometrically using an inexpensive
lab-made copper based mercury film electrode (CBMFE). The titration
conditions have been optimized for the determination of 1.0-10.0 mg of
sulfamethoxazole in pure and dosage forms. The precision and accuracy
of the method have been assessed by the application of lack of fit test and
other statistical methods. Overall mean recovery and relative standard
deviations obtained were 99.88 % and 1.32 % (n=7) respectively. No
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interference was caused by other excipients present in pharmaceutical
dosage forms. The application of this method for sulfamethoxazole assay
in the presence of trimethoprim in tablets was validated by the
comparison of results obtained by the proposed method with that of the
British Pharmacopoeia (BP) method using F- and t- statistical tests of
significance (.

Hassan and Eldesouki (¥ described potentiometric and atomic
absorption spectrometric (AAS) methods for the determination of various
sulfonamides in tablets, suspensions, and injections, based on reactions
with silver and copper ions. The methods involve direct titration at pH 8,
using either a graphite electrode in which silver and copper sulfides have
been precipitated, or ion selective electrodes to monitor the potential
change. (AAS) measurements of the excess metal ions after metal-
sulfonamide reaction are also reported. The methods described are
selective, simple and precise

1-3 Optimizations

Optimization was defined by Beveridge and Schechter ® as "the
collective processes of choosing a set of values of independent variable
required in achieving the best results from a given experimental system".

In the quantitative spectrophotometric analysis, the aim of optimization
IS to maximize the response, minimize the percent error, this requires the
values of all experimental parameters to be optimized to give a maximum
absorbance (9,

1-3-1 Univariate method

In experimental chemistry, several important variables or factors in a
procedure that affected on the response are optimized by varying its one-
variable-at-a-time, while keeping the others fixed, until an optimum is
reached, the strategy is known univariate method 7. It is done by the
selection of an initial value for one variable and measuring the response,
then increases or decreases the value of that variable in steps, while the
other variables remain constant, until the best response is obtained. The
second variable is then adjusted using the best response obtained with the
previous variable with each variable in turn being considered. The
optimization processes could be halted after one cycle or continued by
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repeating the mentioned steps until reaching a maximum acceptable
response (8,

The optimization of the influencing parameters using a ‘‘one variable-
at-a-time’’ method requires many experiments, reagents and equipments
thus its expensive and time consuming. Furthermore, there may be
interactions between the investigated parameters, which cannot be easily
studied by this method 9,

1-3-2 Multivariate methods

Multivariate methods overcome all the problems with univariate
method because it involves simultaneous combinations of a number of
parameters allowing evaluation of interdependence of variables, influence
on response and optimization of these influential factors also it requires
few experiments, reagents and equipments.

1-3-2-1 Simplex method

George Dantzig, a member of the U.S. Air Force, developed the
simplex method of optimization in 1947 in order to provide an efficient
algorithm for solving programming problems that had linear structures @,
The application of mathematical optimization in the pharmaceutical field
was first reported by Fonner et al @Y, later developments in computer
science have enabled the incorporation of the optimization algorithm into
the software ©2),

Simplex is iterative procedure, solving a system of linear equations in
each of its steps, seeking for finding the maxima (or minima) of any n-
dimensional function F(xi, X»,..,Xn) for a response surface based on the
movement of a simplex over that surface and stopping when either the
optimum is reached, or the solution proves infeasible @3,

A simplex is a geometric figure that has a number of vertexes (corners)
equal to one more than the number of dimensions in the factor space. For
instance in two dimensions, a simplex is a triangle. Figure (1-3) shows
the Simplexes in one, two, three, four, and five dimensional factor spaces.
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(A) (B) (C) (D) (B)

Figure 1-3: Simplexes (A) one, (B) two, (C) three, (D) four, and (E)
five dimensional factor spaces.

When using a simplex for the optimization of experimental systems,
each vertex corresponds to a set of experimental conditions. The
responses obtained for each experimental condition were evaluated in
such a way that the parameter setting that result might yield a better
response.

Simplex can be moved into an adjacent area by rejecting one vertex
(usually the vertex that gave the worst response) and projecting it through
the average of the remaining vertexes to create one new vertex on the
opposite side of the simplex. This new vertex corresponds to a new set of
experimental conditions that can be evaluated. Figure (1-4) shows three
examples of simplex movement €4,

Figure 1-4: The simplex reflection move for (A) one dimensional, (B)
two dimensional and (C) three dimensional factor spaces.
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Simplex method is used by many scientists and engineers to improve
the quality of products, the efficiency of processes, and the performance
of analytical methods. The technique is capable to optimize several
factors simultaneously and considers the interactions between these
factors therefore; the method is rapid and requires a small number of
experiments.

1-3-2-2 Modified simplex method €589

The original simplex method modified to two major modifications by
Nelder and Mead. These modifications allow the simplex to expand in the
direction of favorable responses and contract in the direction of
unfavorable responses. The two basic modifications introduced into the
basic simplex algorithm are as follows:

1. If the response of the reflected vertex (R) is better than the
response at the best vertex (B) in the current simplex (i.e. R>B),
then an expansion is considered (Figure 1-5). The response at the
expanded vertex is evaluated and accepted as the new vertex if the
response obtained by the parameter settings is greater or equal to
the response at the reflected vertex; otherwise the reflected vertex
Is accepted as the new vertex.

2. If the response at the reflected vertex is less than the response at
the next- to worst response in the current simplex a contraction is
considered. Two contractions are possible:

a. If the response at the reflected vertex is equal to or better than the
response at the worst vertex in the current simplex (R >W), then
the contraction vertex will be on the reflection side C..

b. If the response at the reflected vertex is less than the response at
the worst vertex in the current simplex (R<W), then the contraction
vertex will be on the worst side C,,.

In the original simplex algorithm the contraction situation is known as
the reduction step and is performed by replacing all the vertexes of the
current simplex by a set of new vertexes. This set of new vertexes is
calculated by subtracting the coordinates of each of the vertexes of the
simplex from those of vertex with the best response and then dividing by
2. In this case, the n + 1 experiments should be conducted at each
reduction step compared to only one experiment in the case of the
modified simplex.
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Figure 1-5: Possible moves in the variable-size simplex algorithm.
(P = centroid of the remaining hyperface; B = best vertex; N = next to-the-
worst vertex; W = worst vertex; R = reflection vertex; E = expansion vertex;
C: = contraction vertex on the R side; C,, = contraction vertex on the W side).

1-3-2-3 Design of experiment (DOE)

Fisher had first developed Design of Experiment (DOE) in the 1920 s
to 1930 @), Now a day, the methodology of the design of experiments
made a special expansion in solving very complex problems in all fields
of human activities because the development of electronic computers has
greatly accelerated and alleviated statistical calculations ©9),

The primary goal of an experimental design is to establish a causal
connection between the independent and dependent variables. A
secondary goal is to extract the maximum amount of information with the
minimum expenditure of resources ©°),

Design of Experiment method allows us to @890

e Build a mathematical model for a response as a function of the
input variables.

e Select input variable levels that optimize the response (e.g.
minimizing, maximizing, or hitting a target).

e Screen many input variables for the most important ones.

e Eliminate insignificant variables that are distracting your operators.

e |dentify and manage the interactions between variables that are
preventing your from optimizing your design or process or that are
confusing your operators.

e Predict how manufacturing variability in the input variables
induces variation in the response.
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e Reduce variation in the response by identifying and controlling the
input variables which are contributing the most to it.

e reduction or minimization of total number of trials.

e choice of a clear strategy that enables reliable solutions to be
obtained after each sequence of experiments.

1-3-2-3-1 Response surface method (RSM)

Response surface map of the experimental region is one useful output
of DOE. The design of experiment of RSM enables us to estimate
interaction and even quadratic effects, and therefore give us an idea of the
(local) shape of the response surface we are investigating. For this reason,
they are termed response surface method (RSM) designs. RSM designs
are used to:

« Find improved or optimal process settings.

« Trouble shoot process problems and weak points.

« Make a product or process more robust against external and non-
controllable influences. "Robust” means relatively insensitive to
these influences.

Response surface method depends on a collection of statistical and
mathematical techniques useful for developing, improving, and
optimizing processes by defining the effect of the independent variables,
alone or in combination, on the process. In addition to analyzing the
effects of the independent variables, this experimental methodology
generates a mathematical model that accurately describes the overall
process ),

There are many available standard statistical designs which could be
followed to set an experimental design among them are:

a- Full factorial design.
b- Fractional factorial design.
c- Box-Benhken design.
d- Central composite design.

The number of experiments to be conducted and the information
required have limited the choice of design. For simpler screening of
experimental parameters (i.e. only support linear responses), low
resolution designs will usually suffice. These are usually full or fractional
factorial designs. Fractional factorial designs are often lower resolution
than their full factorial counterparts because they require fewer
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experiments and, hence, provide fewer data. Fractional factorial
resolution is the most economical design, in terms of the number of
experiments, but this design does not allow determination of interaction
effects (interaction is a state where two or more factors are dependent on
each other). For interaction models, if a non-linear response is detected or
a more accurate picture of the response surface is required, a more
complex design-type is necessary. Designs such as Box-Benhken or
Central Composite Face (CCF) will support non-linear responses and are
generally used for response-surface modeling and optimization
applications ©2),

Central composite design (CCD) was introduced by Box and Wilson in
(1951), it is widely used for estimating second order response surfaces. A
Box-Wilson Central Composite Design contains imbedded factorial or
fractional factorial designs which are frequently used together with
response models of the second order. The design consists of three types
of points:

e Axial points: The 2.n axial points are created by a screening

analysis.

e Cube points: The 2" cube points come from a full factorial design.

e Center point: A single point in the center is created by a nominal

design.

The designs are descripted by scaled [-1, +1] as the ranges minimum
and maximum values of the control parameters. A graphic of two and
three dimensional (i.e. design with two and three input parameter) Central
Composite Circumscribed (CCC) design are shown in Figurel-6.
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Figure 1-6: General Central Composite Design for (a) two factors and

(b) three factors.

In the three dimensional CCD the axial points are located on a hyper-
cube with the radius bi. The cube was build by the cube points that has

side-length of 2.bi.

When choosing three independent variables, (X1), (X2), and (X3),
each variable had three levels which were — 1, 0 and +1 (the upper, the
central point and lower levels of factors respectively).

A total 20 different combinations (including six replicates of center
point each had the coded value 0) is chosen in random order according to
a CCD configuration for three factors ©1%), Table (1-3) illustrates the
structures of quadratic designs used when investigating three factors.
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Table 1-3: structures of quadratic designs used when investigating
three factors.

Repest Variable 1 Variable 2 Variable 3
(X1) (X2) (X3)
1 -1 -1 -1
2 +1 -1 -1
3 -1 +1 -1
4 +1 +1 -1
5 -1 -1 +1
6 +1 -1 +1
7 -1 +1 +1
8 +1 +1 +1
9 -1 0 0
10 +1 0 0
11 0 -1 0
12 0 +1 0
13 0 0 -1
14 0 0 +1
15 0 0 0
16 0 0 0
17 0 0 0
18 0 0 0
19 0 0 0
20 0 0 0

These coded values of xi are then used to build a regression model to
fit the experimental data and were found from equation ©4:

Xl —xC
xl = .
Axl

Where Xi is the coded unit of the studied independent variable, Xi is
its upper or lower limit and Xc is its central value. The factors and levels
were followed according to Table (1-4).

33



Chapter One

Introduction

Table 1-4: Un-coded and coded levels of the independent variables.

Independent Coded unit
variable -1 0 1
X1 X]-Iower X]-central ><:I-upper
X2 X2 1ower X2central X2 upper
X3 X3 lower X3central X3 upper

An empirical second-order general polynomial model that describes
the mathematical relationship between the response and the factors is
used to define the response surface. A general form of the model is as
follows:

Y = ot PuXut BoXot BaXat BaXoXat PsXuiXat PeXoXat BrXa?+ BeXo?t PoXs?

Where Y is the response, X's are the significant effects factors, and the
coefficients ~ Mepresent the magnitude of the effect of the different
factors in the model. This model can be used to predict the response for
any condition within the experimental space ©5%),

The point of maximum response is calculated by taking the first
derivatives of the equation of the response surface with respect to Xi, X,
and Xs, and equating them to zero. Then the equations with X;, X,, and
X3 are solved simultaneously to produce the estimated co-ordinates of the
point of maximum response. The equations are(%>%):

oy
0X1 = Pit PaXot BsXst 2B7Xy = 0 ......... (1)
0y
0X2 = B2+ B4X1‘|‘ B6X3+ ZBBXZ =0......... (2)
ay
0Xs = st PsXit PeXot 2PeX3z = 0 ......... (3)
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Chapter Two

2 Determination of sulfamethoxazole andsulfanilamide by diazotization
reaction andcoupling with diphenylamine

2-1 Introduction
2-1-1 Diazotizationreaction

Primary arylamines react with nitrous acid, (HNQto yield stable
aryl diazonium salts, (AN*A1l;). This diazotization reaction is
compatible with the presence of a variety of substituents on the aromatic
ring.

Ar-NHz+ HNO, + H,SO, @ $ N, HSOy + 2H,0

Alkyl amines also react with nitrous acid, but the alkyl diazonium
products of these reactions are so reactive they can't be isolated. Instead,
they lose nitrogen instantly to yiel&# D U E R F. DWW aial@db\us loss of
N2 from an aryl diazonium ion to yield an aryl cation is disfavored by the
instability of the catior®.

Aryl diazonium ions undergo a variety of reactions that make them
versatile intermediates for preparing a host of ring substituted aromatic
compoundsln these reactions, molecular nitrogen acts as a leaving group
and is replaced by another atom or group as depicted in scheiheXA(R
the reactions are region specific; the entering group becomes bonded to
the same carbon from which nitrogen dep8fts

HO _ ArOH
_ K, Arl
%» ArF
Ar-NH, — > Ar-N&=N: QuCl___ ArCl

CuBr

_ubr _ ArBr

% ArCN

H,PO, or ArH
CH5CH,OH

Scheme 21: The synthetic origin of aryl diazonium ions and their most
useful transformations.
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2-1-2 Diazoniumcoupling reactions

Aryl diazonium salts are effective electrophiles toward activated
aromatic compounds. The reaction, known as (coupling), is most useful
for the production of aryl azo phenols and aryl azo amines.

The major product normally results from coupling at thatpesPara
to the activating substiemmt and is a highly conjugated;olored
compound®,

O L

Y= OH or NH; Aryl azo phenol when Y=0OH
Aryl azo amine when Y= NH

Soon after azo couplinggas discovered in the miginetenthcentury,
the reaction received major attention as a method for preparing dyes. Azo
dyes first become commerciablyailable in the 1870s and remain widely
used, with more than 50 % of the synthetic dye matRe#Azo coupled
products are widely used as dyes because their extended conjugated
electron system causes them to absorb in the visible region of the
electomagnetic spectrui®”.

2-1-3 Diphenylamine (DPA)(10010)
The structure formula of diphenylamine is shown in Schefead
the general properties are listed below:

=T

Scheme 22: The structure formula afiphenylamine
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I[UPAC Name Diphenylamine
Other Name DPA
Appearance white to yellow crystals or powde
Molecular Formula Ci2H1aN
Molecular Weight (g.mol?) 169.23
Melting Point 53°C (326 K)
Uses Laboratory Reagerand antioxidan
Solubility dissolves well in many common
organic solventgmethanol)
Solubility in water Slightly
Keep in a tightly closed containe
Handling and Storage stored in a cool, dry, ventilated
area protect from the light
Stable under ordinary conditiong
Stability may discolor on exposure light.
Incompatible with strong acids,
strong oxidizing agents

2-1-4 Spectrophotometricdetermination of somedrugs in pharmaceutical
preparations using diazotization reactions

The Primary aromatic amines are specific and sensitivity determinable
by diazotization of anme group to produce diazoniuoompound, then
coupling with activated armatic compounds to yield an azompounds
which measured spectrophotometric@®.

A survey of literature reported several WAS spectrophotometric
methods for assay of amino drugs using diazotizataction followed
by coupling with suitable reagent. Tablel2ist few reports on this
method.
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Table 2-1: Spectrophotometric detminations of some drugs in
pharmaceutical compounds using diazotization reaction

Drug compounds Linear
(Trade Name) Reagent max dynamic | Ref.
Chemical (nm) range
Nomenclature J PY
(Nifedipine) dimethy} (CDNBD)
2, 6-dimethyt4-(2- 4-carboxyt2,6-
nitrophenyl}1, 4- dinitrobenzene | 470 2.9-145 | 103
dihydropyridine3, 5 diazonium ion
dicarboxylate
(Pregabalin)
(S)-3-(amino methyh (Ninhydrin) 402.6 | 501000 | 104
5-methyl hexanoic acic
(Ziprasidone) (Brotton Marshall
5-[2-[4-(1,2- BM)
Benzisothiazc3- N-(1-naphthyl) 540 2-10 105
ylpiperazinyllethyl}6- | ethylene diaming
chloro-1,3-dihydro di hydrochloride
2(1H)-indole-2-one
(Lamivudine) (Resorcinol)
2',3-dideoxy-3- 3-hydroxy phenol 540 10-60 106
thiacytidine
(Metronidazole) 406, | 4.846.8,
2-methyl5- (PDAB)
nitroimidazolel- (p-dimethyl
ethanol, amino 107
(Tinidazole) benzaldehyde) | 404 4.846.8
1-(2-ethyksulphonyl
ethyl}2-methyt5-
nitroimidazole
(Alfuzosin Ethoxy ethyl 440, 4-20,
hydrochloride) enemaleic ester,
N-[3-[(4- aminc6, 7-
dimethoxy+quinazolin Ethyl cyano 465 4-20
-2- yl)-methytamino] acetate and and 108
propyljoxolane2- and Acetyl 490 3-15
carboxamide acetone

hydrochloride
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Drug compounds Linear
(TradeName) Reagent max dynamic | Ref.
Chemical (nm) range
Nomenclature J PY
(Propranolol Bromothymol | 420, 0.4-7.0,
hydrochloride) blue,
(2RS)1-[(1-Methyl Bromocresol 420 0.47.0
ethyl)amino}3- green and and and 109
(naphthaleri-yloxy) Bromocresol 425 0.58.4
propan2-ol purple
hydrochloride
(Mesalamine) -naphthol)
5-amino-2-hydroxy 1-hydroxy 510 1-15 110
benzoic acid naphthalene

2-2 Experimental

2-2-1 Instruments

The instruments used this study are presented in TableR

Table2-2: The principle instruments and their models.

Instrument

Source and Model

U.V.-Visible double beam
spectrophotometer with 10 mm
quartz cell

Shimadzu 1800
Kyoto +Japan

U.V.-Visible double beam
spectrophotometer with 10 mm
quartz cell

Cecil CE 7200
CambridgeEngland

pH meter

HANA , pH 211,Romania

Sensitive balance = 0.0001g

Sartorious BL 210 S Scientific
balance, GottingenGermany

Centrifuge

HettichEBA 20 Germany

Computer

DELL, Windows8 China
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2-2-2 Chemicals

Pharmaceutical grade sulfamethoxazole and sulfanilamide powders
received in pure form (99.99%) wepeovided as a gift from the State
Company for Drug Industries and Medical Appliances Safrap
(SDI).
All chemicals and reagents used were of analytgralde. Table 2-3
illustrates their details.

Table2-3: The principle materials and their sources.

No. Materials Purity/Assay Source by
1 | Sulfamethoxazole Standard powder SDI
2 | Sulfanilamide Standargowder SDI
3 | Sodium nitrite Pure powder BDH
4 | Sulfamic acid 99.9%w/w BDH
5 | Diphenylamine 99.9%w/w BDH
6 | Hydrochloric acid 35.0% w/w BDH
7 | Acetic acid 99.5%w/w BDH
8 | Sulfuric acid 98.0% w/w GCC
9 | Nitric acid 70.0%w/w H&W
10 | Sodium 1,2Naphttoquinone 99.9%w/w BDH
4-sulphonate (NQS)
11 | Sodium tetraborate 99.9%w/w BDH
decahydrate (Borax)
12 | Sodium hydroxide 99.9%w/w Panreac
13 | Methanol 99.8% FLUKA
14 | Glucose Pure powder BDH
15 | Sucrose Pure powder BDH
16 | Lactose Pure powder BDH
17 | Vanillin Pure powder BDH
18 | Starch soluble Pure powder BDH
19 | Potassium hydroxide 99.9%w/w Panreac
20 | Sodium carbonate 99.9%w/w Panreac
(Anhydrous)
21 | Ammonium hydroxide 32.0%w/w Scharlau
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Table 2-4: The principle pharmaceutical compounds and their

manufacturers

Commercials drugs Manufacturer
Bactrim (sulfamethoxazole 800 mg + Roche, France
trimethoprim 160 mg) tablet
Methoprim (sulfamethoxazole 400 mg + NDI, Iraq
trimethoprim 80 mgJ tablet
Bactrim (sulfamethoxazole 200 mg + Roche, France
trimethoprim 40 mgJ Syrup
Cotrim (sulfamethoxazole 200 mg + Asia, Syria
trimethoprim 40 mgJ Syrup

2-2-3 Materials and Reagents

*Sodium nitrite [02 % (m/v)]: prepared by dissolving@g of NaNOG
in double distilled water andiluting to the mark in a 100 mL volumetric
flask using distilled water

*Sulfamic acid .0 % (m/v)]: prepared by dissolvind.0 g of
HsNSG; in double distilled water and diluting to the mark in a 100 mL
volumetric flaskusing distilled water.

*Diphenylamine (DPA) [0.5 % (m/v)]: prepared by dissolving 0.5 g of
DPA in 25 mLmethanoland diluting to the mark in a 100 mL volumetric
flask with methanal

*Hydrochloric acid [8]: prepared by takg 70 mL of concentrated
HCI and diluted to 100 mL with distilled water.

*Hydrochloric acid [6 M]. prepared by taking 52.52 mL of
concentrated HGhnd diluted to 100 mL with distilled water.

*Hydrochloric acid [4M]: prepared bytaking 35 mL of concentrated
HCI and diluted to 100 mL with distilled water.

*Hydrochloric acid [2M]: prepared by taking 17.50 mL of
concentrated HCI and diluted to 100 mL with distilled water.

*Hydrochloric acid [M]: prepared bytaking 8.75mL of concentrated
HCI and diluted to 100 mL with distilled water.

*Hydrochloric acid [0.M]: prepared by taking 3.50 mL of
concentrated HCI and diluted to 100 mL with distilled water.

*Nitric acid [1 M]: prepared bytaking 6.3 mL of concentrated HNO
and diluted to 100 mL with distilled water.



Chapter Two Determination of sulfamethoxazole and sulfanilaméiazioyization reaction

*Acetic acid [IM]. prepared bytaking 5.75mL of concentrated
CH3COOH and diluted to 100 mL with distilled water.

*Sulfuric acid[1 M]. prepared bytaking 544 mL of concentrated
H.SQO, and diluted to 100 mL with distilled water.

*OXFRVH > I pripBréd by dissolving 0.25 g of glucose in
25 mL distilled water.

* Sucrose [10000 J P7]: prepared by dissolving 0.25 g of lactose in
25 mL distilled water.

* Lactose [10000 J P#]: prepared by dissolving 0.25 g of lactose in
25 mL distilled water.

ODQLOOLQ > Y: prepardel/by dissolving 0.25 g of vanillin in
25 mL methanol.

*Starch [10000 J P): Triturate 0.25 g of soluble starch with a little
cold water intoa thin paste, and add 25 mL of boiling water. Boil until a
clear solution is obtained (5 minutes). This solution should be freshly
prepared as requiretd?.

2-2-4 Preparation of standard drugs solutions
1- Sulfamethoxazole (SNZ) stock solution (100 pg.mL™)

The standard solution of SBMwas prepared by dissolving accurate
weighted 0.01 g of pure drug in10 mL of 0.4 M HCI and completed
volume to the mark involumetric flask 100 mL with distilled water.
Working solutions were freshly prepared by subsequent dilutions.

2- Sulfanilamide (SNA) stock solution (100 pg.mL?)

The standard solution aBNA was preparedoy dissolving accurate
weight 0.01 g of pure drug inflO mL of 0.4 M HCI andfurther diluted to
the mark involumetric flask 100 mL with distilled water. Working
solutions were freshly prepared by subsequent dilutions.

3- Solution for the analysis of sulfamethoxazole in pharmaceutical
preparations 112)

I.In Tablets

The content of 10 tablets was grinded and mixed well. A certain
amount of the fine powder was accurately weighted to give an equivalent
to 800 mg for tablets anthe mean value of the weight of one tablet was
calculated .An amount of the powder equivalent to about 0.9&R6vas
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accurately weightedthen about 10mL of 0.4 M HCL was added
transferred into 100nL volumetric flask,and the solution was shaken
swirled, left to stand for 5 mints and diluted tee markin a volumetric
flask 100 mL with distilled waterto get 100ug.ml. The solution was
filtered by usingWhatman filter paper No.41 to avoid any suspended or
un-dissolved materiabefore use, and thigst portion of the filtrate was
rejected. Working solutions were freshly prepared by subsequent
dilutions with distilled water, and analyzed by the recommended
procedure.

ii. In Syrup

Each 5 mL of the syrup contai{00 mg of sulfamethoxazole with 40
mg of trimethoprin). An accurately measured volume (0.25 mLasw
transferred into a 106L volumetric flask, theradded 10 mL of 0.4M
HCI swirled, left to stand for 5 mirgt and diluted to the mark with
distilled waterto get 100 pg.mL! SMZ solutions The solution was
filtered by using Whatman filter paper No.41 to avoid any suspended or
un-dissolved material before use, and the first portion of the filtrate was
rejected. Working solutions were freshly prepared by subsequent
dilutions with distilled water,and analyzed by the recommended
procedure.

2-2-5 Preparation of synthetic sulfanilamide drug sample

1- To 0.02g of the bulk drug0.0® g of interfering substance mixture
(consisting of equal weights of each substance, namely, glugosmse,
lactose, soluble starcand vanillin was added.

2- 0.013g of the resulted mixture was dissolvedlid mL of 0.4M
HCI and diluted to the mark witdistilled water involumetric flask 100
mL in the same manner as used for the prepamastandard drug to
obtain 100 J P

2-2-6 Primary experimental test

The primary test for the present method involves diazotizafibn J P71
SMZ and A in 10 mL volumetric flasks iranice bath followed by
coupling withDPA. The test was dongy adding 1.0 mL of @ % (m/v)
sodium nitrite toeachflask followed by 1.0 mL of D M HCI. After 10
minutes, 1.0 mL of 1.0 % (m/v) sulfamic acicdnd 0.5 %dm/v) DPA were



Chapter Two Determination of sulfamethoxazole and sulfanilaméiazioyization reaction

added left to stand forl0 minutesandthe contents were diluted to the
mark with 6 M HCI and mixed well, the absorbance of the colored azo
dye was measured for Svand A against the reagent blarifter 10
minutes, DQG PD[ ZDV H[WUDFWHG

2-2-7 Optimization of experimental variables

1 Univariate method

Various parameters were optimized to obtain maximum yield of the
product dye. The optimization of the following variables was studied with
(5.0 J P71 at530.0 and 531 nm for SMZ and SNA against the reagent
blank respectively.

1- Effect of diazotization reactiontime

0.5 mL of aliquots standard solution containing  Jof SMZ and
SNA were transferred in arses of 10 mL volumetric flasksA volume
of 1.0 mL of 0.2 % (m/v) sodium nitritand 1.0 mL of 1.0 M HCI was
added, #ier (0-20) mirutes 1.0 mL of 1.0 % (m/v) sulfamic acicand0.5
% (m/v) DPA were adéed to each flaskwas leftto stand forlO minutes
then,the contents were diluted to the mark wétM HCIl and mixed well
The absorbance of the colored ale was measured &80.0and 531
nm for SMZ and SNA against the reagent blank respectively.

2- Effect of sodium nitrate

0.5 mL of aliquots standard solution containifg J of SMZ and
SNA were transferred in a series of 10 mL volumetric flask. A volume of
1.0 mL of (0.a-0.30) % (m/v) sodium nitritesolutionwas added to each
flask followed by 1.0 mL of D M HCI, 1.0 mL of 1.0 % (m/v) sulfamic
acid was added to each flagid thenvolumes of 1.0 mL of 0.5 % (m/v)
DPA were addd After 10 minute, the contents were diluted tbe mark
with 6.0 M HCI| and mixedwell; the absorbance of theloredazodye
was measured &30.0 and 53D nm for SMZ and SNA against the
reagent blank respectively.

3- Effect of different acids
0.5 mL of aliquots standard solution containiis0 J of SMZ and
SNA were transferred in a series of 10 mL volumetric flask. A volume of
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1.0 mL of 0.02 % (m/viand 0.14 % (m/vsodium nitrite for SMZ and
SNA wasadded to each flaslkespectivelyfollowed by 1.0 mL of 10 M

from (HCI, HbSQs, HNO3, and CH3COOH) acid solutions1.0 mL of 1.0

% (m/v) sulfamic acid was added to each flask, then volumes of 1.0 mL
of 05 % (m/v) DPA were added. After 10 mirtes the contents were
diluted to the mark witl.0 M HCI and mixedwell; the absorbance of the
colored azedye was measured at®8 and 5310 nm for SMZ and ]NA
against the reagent blangspectively

4- Effect of hydrochloric acid

0.5 mL of aliquots standard solution containi(ly ), of SMZ and
SNA were transferred in a series of 10 mL volumetric flask. A volume of
1.0 mL of 0.02 %and 0.14 % (m/v)sodium nitrite was addedo each
flask for SMZ and SNAfollowed by 1.0 mL of (0.0- .00) M HCI, 1.0
mL of 1.0 % (m/v) sulfanic acid was addedthen 1.0 mL of 0.5 % (m/v)
DPA were addd left to stand for 10 minutes and the contents were
diluted to the mark with ® M HCI, mixed wellandthe absorbance of the
colored azedye was measurafter 10 mimites at 5300 and 5310 nmfor
SMZ andSNA against the reagent blank respectively.

5- Effect of sulfamic acid

0.5 mL of aliguots standard solution containi) J of SMZ and
SNA were transferredhia series of 10 mizolumetric flask A volume of
1.0 mL of 0.02 %and 0.14 % (m/v) sodium nitritewere addedo each
flask, followed by 1.0mL of 0.2M and 0.8M HCI for SMZ andSNA
were aded, then1.0 mL of (010- .00) % (m/v) sulfamic acidnd0.5%
(m/v) DPAwas added to each flasthen dter 10 minuts, the contents
were diluted to the manwith 6.0 M HCI, mixed wellandthe absorbance
of the colored azalye was measureafter 10 minites at 530.0and531.0
nm for SMZ andSNA against the reagent blardspectively.

6- Effect of diphenylamine (DPA)

0.5 mL of aliquots standard solution containi(is0 J of SMZ and
SNA were transferred in a series of 10 mL volumetric flask. A volume of
1.0 mL of 0.02 %and 0.14 %(m/v) sodium nitritewas added to each
flask for SMZ and SNA followed by 1.0 mL 00.2 Mand 0.8M HCI for
SMZ andSNA were addedthen 1.0 mL of 0.3 % (m/v) sulfamic acid
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was added to each flask, then volumes of 1.0 mL @5{0.25) % (m/v)
DPA were addedAfter 10 minuts, the contents were diluted to the mark
with 6.0 M HCI and mixedwell; the absorbance of the colored aie
was measured at 530dhd 5310 nm for SMZ and SNA against the
reagent blankespectively.

7- Effect of coupling reactiontime

0.5 mL of aliquots standard solution containifls0 J of SMZ and
SNA were transferred in a series of 10 mL volumetric flask. A volume of
1.0 mL of 0.02 %and 0.14 %{m/v) sodium nitrite for SMZAndSNA was
added to each flaskollowed by 1.0 mL of 0.2V and 0.8 MHCI was
addedfor SMZ and SNArespectivey, then 1.0 mL of 0.3 % (m/v)
sulfamic acid was added to each flaskd 1.0 mL of 0.5 %and 1.0 %
(m/v) DPAwas addedor SMZ andSNA. After (0-20) min, the contents
were diluted to the mark witls.0 M HCI and mixed well,and the
absorbance of the coloredcadye was measured at 53@0d 5310 nm
for SMZ andSNA against the reagent blardspectively

1-Multivariate method

Simplex method

A simplex method was adopted to optimize the variables. In this
method three factors were evaluated by changing their concentrations
simultaneously. The concentration ssfdiumnitrite, diphenylamineand
hydrochloric acidfor SMZ and he concentration of sodium nitrite,
diphenylamineand coupling reaction time for SNAvere selected as
independent variablesThe absorbance was selected as dependent
variables.
Table 25 shows the variables which as well as their lower and upper
levels (the boundary values of the variables) and their step sizes (the
physical values which correspond to a mathematical unit of each
variable). The selection of the variables to be optimizedyell as their
base levels and step sizes was based on our previous experience.
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Table 2-5: Boundary of simplex for the studied variables.

Drug Variable Minimum | maximum | Step
boundary | boundary | size
Conc. ofsodium nitrite(% 0.01 0.30 0.01
m/v)
SMZ Conc. ofHCI (M) 0.10 1.00 0.10
Conc. of DPA (% m/v) 0.25 1.25 0.25
Conc. ofsodium nitrite(% 0.01 0.30 0.01
m/v)
SNA Coupling Reaction Time 1 4 1
(mint)
Conc. of DPA (% m/v) 0.25 1.25 0.25

The initial simplex was selected by choosing f@utl) experimental

designs that covered a wide range of values in the factor space and are

shown in Table (3). Experiments 4 in Table (26) were established

within the base levels and step sizes considered for each variable

according to Table ¢8) ard the results were fed to the software.

Subsequently, the initial experimental design was moved in the direction
given by the rules of movement of the modified simplex method as it
allows operations of expansion and contraction in the searching progress
and to produce new set of experimental conditions.

Table 2-6: The (n+1) experimental designs of studied variables.

Exp.| Conc.of |[Conc.of| Coupling Conc.
Drug | No. | sodium nitrite | DPA Reaction | of HCl | Abs.
(Yom/v) (Yom/v) | Time (mnt.) | (M)
1 0.01 0.25 - 0.20 | 0.788
SMZ | 2 0.02 0.40 - 0.40 | 0.878
3 0.10 0.60 - 0.80 | 0.904
4 0.16 0.75 - 0.50 | 0.918
1 0.04 0.50 4 - 1.652
SNA | 2 0.20 0.25 3 - 0.734
3 0.08 1.00 2 - 1.642
4 0.16 0.1 1 - 1.178
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2-2-8 Generalrecommendedprocedures

1- Assayprocedure for the determination of sulfamethoxazole

Two procedures were recommended for the determination & &id
SNA via the proposed methods. The first was carried out following the
conditionsobtained by univariate optimization, while tbecond based of
those conditionswas obtained by chemometric multivariate simplex
optimization

I. Univariate method

Aliquots of the standard solution (100 pg.®lcontaining(5-70) J
of sulfamethoxazole were transferred into a series of 10 mL volumetric
flasks. After cooling in an ice bath, 1.0 mL of 2% (m/v) sodium nitrite
solution and 1.0 mL of @.M HCI were added to each flask. The solution
was shaken thoroughly;,.0 mL of 0.3 % (m/v) sulfamic acid was added.
The solutions were swirled and the ulimg diazotized product was
coupled withDPA by the addition of 1.0 mL of 8.% (m/v)andallowed
to stand forl0.0 minutes The solutions were making up to the mark with
6.0 M HCI. After mixing the solution well, the absorbance lifie
colored chromogewas measured aBb.0 nm against the reagent blank.

ii. Simplex method

Aliguots of the standard solution (100 pg.HlLcontaining(5-120) J
of sulfamethoxazole were transferred into a series of 10 mL volumetric
flasks. After cooling in an ice bath, 1.0 mL o286 (m/v) sodium nitrite
solution and 1.0 mL of 090 M HCI were added to each flask. The
solution was shaken thoroughly;0 mL of 0.30 % (m/v) sulfamic acid
was added. The solutions were swirled and the resulting diazotized
product was coupled witBPA by the addition of 1.0 mL of.0 % (m/v)
andallowed to stand fof0.0 minutes The solutions were making up to
the mark with6.0 M HCI. After mixing the solution well, the absorbance
of blue colored chromogen was measured 2.6 nm against the reagent
blank.
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2- Assayprocedure for determination of sulfanilamide

I. Univariate method

Aliquots of the standard solution (1Q@.mL?), containing(5-70) J
of sulfenilamide were transferred into a series of 10 mL volumetric
flasks. After cooling in an ice bath, 1.0 mL 018% (m/v) sodium nitrite
solution and 1.0 mL of 8.M HCI were added to each flask. The solution
was shaken thoroughly;.0 mL of 0.3 % (m/v) sulfamic acid was added.
The solutions were swirled and the resulting diazotized product was
coupled withDPA by the aldition of 1.0 mL of 10 % (m/v) andallowed
to stand for3.0 minutes The solutions were making up to the mark with
6.0 M HCI. After mixing the solution well, the absorbance lifie
colored chromogen was measure® at. nm against the reagent blank.

ii. Simplex method

Aliquots of the standard solutiqd00 pg.mL?), containing(5-120) J
of sulfanilamide were transferred into a series of 10 mL volumetric
flasks. After cooling in an ice bath, 1.0 mL of 8% (m/v) sodium nitrite
solution and 1.0 mL of 8.M HCI were added to each flask. The solution
was shaken thoroughly,.0mL of 0.30 % (m/v) sulfamic acid was added.
The solutions were swirled and the resulting diazotized product was
coupled withDPA by the addition of 1.0 mL of @5 % (m/v)andallowed
to stand for3.0 minutes.The solutions were making up to the mark with
6.0 M HCI. After mixing the solution well, the absorbance litie
colored chromogen was measure®2it.0 nm against the reagent blank.

2-2-9 Procedure for synthetic sulfanilamide drug sample

Aliguots of synthetic SNA sample solutiorentaining(10, 30, 50 J
were transferred into a series of 10 mblumetricflasks. A volume of
1.0 mL of 0.@ % (m/v) sodium nitrite was added to each flask followed
by 1.0 mL of 080 M HCI; 1.0 mL of 03 % (m/v) sulfamic acid was
added to each flask. Then volumes of 1.0 mL @606 (m/v) DPA were
added. After3.0 minutes the contents were diluted to the mark waB
M HCI and mixedwell; the absorbance of the colored aB@ was
measurect 531.0nmfor SNA against the reagent blank.
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2-2-10 Determination of sulfamethoxazolein pharmaceutical preparation

by standard additions method (SAM)
1- Preparation of SMZ stock solution100 pg.mL! according tothe
method of preparatiotiat previously mentioned.
2- Preparesolution of commercialpharmaceutical preparatidsyrup or
tablety concentrationof 100 pg.mL?! according tothe method of
preparatiorthat previously mentioned.
3- Preparation of7 solutions in10 mL volumetric flask for measurements
by adding 0.1, 0.2, 0.3 mLof solution commercial pharmaceutical
preparation (syrup or tablety from (100 pg.mL?') commercial
pharmaceutical preparatioandadded0, 005, 0.10, 0.15, 0.20, 025, and
0.30 mL of 100 pg.mL* standard solution d8MZ drug.After cooling in
an ice bath, 1.0 mL of % (m/v) sodium nitrite solution and 1.0 mL of
09 M HCI were added to each flask. The solution was shaken
thoroughly; 1.0 mL of 0.30 % (m/v) sulfamic acid was added. The
solutions were swirled and the resulting diazotized product was coupled
with DPA by the addition of 1.0 mL df.0 % (m/v) this reagent allowed
to stand forl0.0 minutes. The solutions were making up to the mark with
6.0 M HCI. After mixing the solution well, the absorbance of blue
colored chromogen was measured at 530.0 nm against the reagent blank.
That is to level onevere added 0.1 mlthe level two were added 0.2 mL
and level three were added 0.3 flom commerciaproduct.

2-3 Results anddiscussion
1 The determination of sulfamethoxazole

2-3-1 Absorption spectra
The primary experimental test for the diazotization of ZSkind
coupling withdiphenylaminein acidic medium was done as described in
2-2-6. The absorption spectrum for thbelue colored aze dye was
recorded and has a maximum absorptio® D[ DW QP $V VKRZ
blank against distilled water (D.W.) in Figurel1l2 and Absorption
VSHFWUXP RI?! SMZ-OPR /against reagent blank under the
primary test in figure 2.
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Figure 2-1: Absorption spectrum dflank solution against distilled water
(D.W.) under the primary test.

Absorption spectrum for the reaction of diazotized sulfamethoxazole
with diphenylamine in acidic medium was recordedler the optimum
conditions (for univariate and simplex method) and showed the same
maximum absorptiorat 530.0 nm for the blue chromogen against the

reagent blank (Fi@-2)
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2-3-2 Optimization of reactionvariables

1 Univariate method

A systematic study of the effects of various parameters in development
of color products wstaken by varying the parameters one at a time and
controlling all others fixed. These variables include effects of
diazotization reaction time, sodium nitrite concentratiosffect of
different acids, hydrochloric acid concentration, sulfamic acid
concetration, diphenylamineconcentration, couplingeaction timeand
effect of acidity.

1- Effect of diazotization reactiontime

The optimum diazotization reaction time was determiaed 0-5 °C
by following the absorbance of the formed @@ for the period of0-
20) min. as listed in (Table-?). It was found thata colored product with
maximum absorbance at®B nm takes placinstantaneous, after which
noincrease in absorbance values was obtained.

Table 2-7: Effect of diazotizatiomeaction time.

Time (min.) Absoibance
0 0.422
5 0.396
10 0.387
15 0.338
20 0.280

2- Effect of sodium nitrite concentration

The effect of the concentration of Nabl@as studied by measuring
the absorbance of the color products &@.6331m as showim (Figure 2-
3); it was found that 1.0 mL of ®®b (m/v) solution sodium nitrite was
needed for constant and maximum catdensity for azo dyes complex
low absorbance values were observed with higher concentratiense
1.0 mL of 0.@ % (m/v) wasused in all the subsequent experimental work.
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0.6 A

Absorbance

0.2

0 0.05 0.1 0.15 0.2 0.25 0.3
Concentration of NaNO2 [% (m/v)]

Figure 2-3: Effect of sodium nitrite on the color development of dye on
WKH HVWLPDWISRID. RI J P/

3- Effect of different acid

Various acidic solutions (#$Qs, HCI, HNG;, and CH3COOH with
1.0 M of concentration were tested for diazotization reaction. Among
these, HCI was found to be the best by virtue of highest absorbance
values and stability considerations for diazotization, (Tab8 2hows
the results.

Table 2-8: Effect of different acid on diazotization d6.0 JmL"* SMZ.

Acidic solution (10 M) Absorbance
H.SOy 0575
HCI 0.663
HNO3 0508
CHsCOOH 0.290

4- Effect of acidity on diazotization

The influence of hydrochloric acid concentration on dmeezotization
reaction was studied over the rangel{0.0) M. Maximum and constant
absorption intensities were achesl at addition of 1.0 mbf 0.2M HCI,
after which the absorbance of the reaction product began to decrease,
therefore; 1.0 mL of @ M was chosen as the optimum value, Figu# 2
shows this effect.
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0.8 A

Absorbance

0.4 T T T T
0 0.2 0.4 0.6 0.8 1

Concentration of HCI (M)
Figure 2-4: Effect of acidity on diaotization on the estimation of
( J PYSMZ.

5- Effect of sulfamic acid concentration

The optimum sulfamic acid conceation was estimated ladding 1.0mL
from various concentration 1.0) % (m/v) of sulfamic acidsolution;it
was found thatl.0 mL of 03 % (m/v) solution give the highest
absorbance valu&ulfamic acid was added to remove the excess amount
of nitrite; Figure 25 shows the effect of sulfamic acid concentration.

1.04

1.02 |

Absorbance
o
[{e]
[eF]

0 OI.2 OI.4 OI.6 OI.8 1
Concentration of Sulfamic acid [% (m/v)]

Figure 2-5: Effect of sulfamic acid concentration on the estimation of

J PBMZ.
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6- Effect of diphenylamine concentration

Concentration ofliphenylamineranged from (®25-1.295 % (m/v) of
1.0 mL solutions were examined to obtain highest color intensity of the
azo dye as shown in Figure62 the investigations showed that 1.0 mL of
0.5 % DPA gave maximum and stabiaensity, abovehis concentration,
the absorbance remained unchanged.

1.2

1 -

0.8 -

0.6 -

Absorbance

0.4 -

0.2 T T T T T T
0 0.2 0.4 0.6 0.8 1 1.2
Cocentration of diphenylamine [% (m/v)]

Figure 2-6: Effect of DPA concentration on the development of dye on
the estimation 06.0 J P7SMZ.

7- Effect of coupling reactiontime

The optimum time of coupling reaction time was determined by
following the color azalye development at room temperature. The
reaction mixture was allowed to stand for different intervals, and it was
foundthat 10minutes period was required for full colatevelopmentthe
color was stable for at least 1h, as indicated in Talfle 2

Table 2-9: Effect of coupling reaction time.

Time (min.) Absoibance
0 0.642
5 1.018
10 1.032
15 1.040
20 1.031
60 1.036
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8- Effect of acidity

It was found that the optimum concentration hofdrochloric acid
leading to a maximum intensityof the complex was .6 M.
Concentrations belowand above this value cause a decrease in
absorbancethis may be attributed tthe decolorization of colored azo
dye. Fig2-7 shows the effect ofacidity on color dye.

1.04

1.03 1

1.02 1

1.01

Absorbance

0.99

o 1 2 3 4 5 6 71 8
Concentration of HCI (M)
Figure 2-7: Effect of acidity orcolor dye on the estimation®d J PYSMZ.

1-1Simplex method

The simplex program was employed to find the optimum experimental
conditions forthe determination of (SM). The boundary conditions for
the three variables delineated above, as recorded in (Td&¥)l¢ogether
with the step values.

Four (n+1) arbitrary xperimental conditions were chosen, by selecting
the values of these parameters within specified boundaries for each, at
which they affected the measured absorptions signal of the colored
products (14 in Table 26) , the absorbencies of these four expenis

were fed into the program.

The Simplex program starts to reflect the worst point through the
centroid of other points to obtain a new point 5. An experiment was then
performed utilizing the variable setting as a reflected point; because this
valuewas better than that at point 3, the latter was rejected and mplace
by point 5. A measured absorption signal was feeding again to the
program and the process is repeated successively until optimum
conditions wereobtained similarly to those obtained by the univariate
method. Figure -B shows the progress of the simplex, which indicates
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gradual improvement in the response function. Qi@egxperiments were
performed, enough to evaluate the proper conditions at nnogxi
response function with the results given in (TabE)2
Step 5, 7, 9, 12 showtke samehighest response function valabtained.
To conclude, the optimum operating conditions for the determination of
(SMZ) arel.0 mL of eacl0.20 % (m/v) sodium nitite, 1.0 % (m/v) DPA
and 090 M hydrochloric acid
Table 2-10: Multivariate experiments (Simplex) fthe determination of

(5.0 J P} SMzZ.

Exp. | Conc. ofsodium Conc. of Conc. of
No. | nitrite (% m/v) DPA hydrochloric Abs.
(% m/v) acid (M)
1 0.01 0.25 0.20 0.788
2 0.02 0.40 0.40 0.878
3 0.10 0.60 0.80 0.904
4 0.16 0.75 0.50 0.918
5 0.20 1.00 0.90 0.995
6 0.20 1.00 1.00 0.988
7 0.20 1.00 0.90 0.995
8 0.18 0.90 0.60 0.978
9 0.20 1.00 0.90 0.995
10 0.19 1.00 0.90 0.975
11 0.20 1.00 0.80 0.970
12 0.20 1.00 0.90 0.995
1.1
1.05 -
o 14
=
_féi 0.95 -
3 09
Q
< 0.85 -
0.8 -
0.75 T T T T T
0 2 4 6 8 10 12

Experiment Number
Figure 2-8: Response function progress for simplex.
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2-3-3 Calibration curves andanalytical data
1 Univariate method

The effect of concentration on the absorbance behavior at optimum
conditions of univarie method was investigated using authentic
standard. The results are shown in Figuée 2

%HHUYVY ODZ ZDV REH\HGOLQ PV Kf-EMZDIQaJH R |
regression equation, correlation coefficient, molar absorptivity, Sandell's
sensitivity and detectiohmit (DOL) and quantification of limit (QOL)
are calculated and listed in Tabld 2.

Table 2-11: Optical characteristics and statistical datatifar
determination of SM by univariate method.

Parameter Value

PD[ QP 530.0
Color Blue
Linearity range (1g.mL?) 0.57.0
Regression equation Y=0.2043SMZ. pg.mL*]-0.001
Calibration sensitivitfymL.ug™?) 0.2043
Correlation coefficient (r)% 99.98
Correlation of linearity @)% 99.97
Molar absorptivity(L.mol*.cntt) 0 5.174%10*
Sandell'ssensitivity (1g.cm?) 4.8947
Detection limit (ug.mL?) 0.034
Quantification limit (ug.mL?t) 0.104

1.6

y = 0.2043% 0.001
R2=0.9997

1.2

0.8 -

Absorbance

0.4 -

0 1 2 3 4 5 6 7
Cocentration of SMZ (ug.mL™1)

Figure 2-9: Calibration curve fothedetermination of SMZ by univariate

optimal condition.
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1-1Simplex method

Optical characteristics and statistical data for the regression equation of
the simplex method are given in Tabld2 and Figure A0.
The amino group of SKlis diazotized with nitrous acid (NaN®ICI),
thus the diazonium salt formed is coupled VDfPA at temperaturéd-5 °C)
to yield the azalye, mechanism of sulfamethoxazole reaction with
diphenylaminan anacidicmedium can be represented in Schem8)(2

Table 2-12: Optical characteristics and statistical datatiier
determination of SM by simplex method.

Parameter Value

PD[ QP 530.0
Color Blue
Linearity range |ig.mL™) 0.512.0
Regression equation Y=0.1959SMZ. ng.mL*]-0.0083
Calibration sensitivitfmL. pg?) 0.1959
Correlation coefficient (r)% 99.9
Correlation oflinearity ()% 99.98
Molar absorptivity(L.mol -t.cm™1) 0 4.961%10*
Sandell's sensitivitypg.cni?) 5.1047
Detection limit (1g.mL™?) 0.036
Quantification limit (ug.mL?) 0.108

2.5

y = 0.1959% 0.0083
R2=0.9998

N
1

Absorbance
=
= ol

0.5

0 2 4 6 8 10 12
Cocentration of SMZ (ug.mL?1)

Figure 2-10: Calibration curve fothe determination of SMZ bgimplex

optimal condition.
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—N

CH x u/\O\ + NaNO2 + HCI

3

SMz

o—N

/k>\ O\S/o
N N/
®

N
%N é?
Diazonium salt Diphenylamine

OO0
Q_N{ B
CH3 Azo dye
Scheme 23: The reaction mechanism for diazotization and reaction
between SM andDPA.

2-3-4 Precision andaccuracy

The accuracy of the both methods were established by analyzing the
pure drug at three concentration levels of five replicate analyses and the
precision was examined by determining the coefficient of variation
(C.V) % on the same solution of drug samplalfle 213). The low
values of C.V % (0.29-0.424) and the range of error at the level
(-0.550 = 275 indicate the high accuracy and precision of the proposed

method.

Table 2-13: Evaluation of accuracy and precision for the determination
of SMZ by proposé method.

P

Conc. of SMZ Relative Error C.\V*
(ug.mL?) % %
Taken Found*

For 2.000 1.98 -0.550 0.190
univariate 4.000 4.011 0.275 0424
6.000 6.014 0.233 0.369
2.000 1.990 -0.500 0.139
For simplex | 4.000 4.010 0.250 0.233
6.000 6.013 0.216 0.224

* Average of five determinations.
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2-3-5 Interference study

To assess the analytical potential of the proposed method, the effect of
some common excipientsucroseyvanillin, glucose, lactosegnd starch
which often accompany rdg, were examined by caringut the
determination of5.0 J P71 of SMZ in the presence of above
compounds. The results presented in Tablg 2ndicate no interferences
were found from any of the excipients studied in determination &.SM

Table 2-14: Percent recovery fd.0 ug.mL? of sulfamethoxazole in the
presence of 1000 pg.miof excipients

Sulfamethoxazole Conc. Take®.0
Excipients Concentration pg.mL?)
(ug.mL?) Conc. Found Recovery
pg.mL™) %
Sucrose 5.02 100.40
Vanillin 4.9 9880
Glucose 1000 4.96 99.20
Lactose 4,92 98.40
Starch 5.06 101.20

*Average of three determinations.

2-3-6 Application in pharmaceutical preparationsby standard
additions method (SAM)

Standard additions technique followed to check the validity of the
proposed method has given good recoveries of the diplgairmaceutical
preparations suggesting a noninterference fronpharmaceutical
preparationsHence, this method can be recommendedattoption in
routine analysis of SKl in quality control laboratorieslhe proceduresi
found in 22-10

Table 215 shows the result of recovery and coefficient of variation
(C.V) for the standard additions method. Figurgl2o 2-18 shows the
plot of determination of S in syrup and tableby standard additions
method.

Table 2-15: Application of the proposed method to tBkIZ

concentratioomeasuremenisharmaceutical preparatiohg (SAM).
Sample Conc. taken| Conc.* found | Recovery| C.V*
(Mg.mL™) (ng.mL™) % %
Bactrim tablet 100.00 101.33 101.33
0.442
(RocheFrance)
Bactrim syrup 100.00 10013 10013 | 0.443
(RocheFrance)
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Chapter Two
Sample Conc. taken| Conc.* found | Recovery| C.V*
(Hg.mL™) (Hg.mL™) % %
Methoprim tablet 100.00 96.54 96.54 0.867
(NDI-Iraq)
cotrim syrup 100.00 10100 10100 | 0.469
(Asia-Syria)

* Average of three determinatians

H

y =2.0143x + 0.2061
R2=0.9997

Absorbance

fal
A4

-0.2 -0.1 0 0.1

0.2 0.3

Volume of standard solution (mL)

Figure 2-11: Determination of SMZ in tablet (Bactrim) by standard
additions method level onéd.1 mL from 100 pg.mtt Bactrim tablet)

y =2.0136x + 0.407
R2=0.999 1 A

Absorbance

-0.3 -0.2 -0.1 0 0.1
Volume of standard solution (m

0.2 0.3
L)

Figure 2-12: Determination of SMZ in tablet (Bactrim) by standard
additions method level two, (0.2 mL from 100 ug.fBactrim tablet).
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y =2.2693x + 0.2189
R2=0.9988
0.8 A

0.6 -

Absorbance

0.2 0.1 0 0.1 0.2 0.3
Volume of standard solution (mL)

Figure 2-13: Determination of SMZ in tablet (Methoprim) by standard
additions method levalne, (0.1 mL from 100 pg.mtMethoprime
tablet).

H
) M)

y =2.2157x + 0.4325
R2=0.9995

[EnY
I

Absorbance

fal
-0.3 0.2 0.1 0 0.1 0.2 0.3
Volume of standard solution (mL)

Figure 2-14: Determination of SMZ in tablet (Methoprim) by standard
additions method levedo, (02 mL from 100 pg.mkt* Methoprime
tablet).
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1
T

y =2.0986x + 0.2135
R2=0.9993

0.8 -

0.6 -

Absorbance

faY
f \vJ

-0.2 0.1 0 0.1 0.2 0.3
Volume of standard solution (mL)

Figure 2-15: Determination of SMZ in syrufBactrim) by standard
additions method level one, (0.1 mL from 100 pg-hBactrim syrup).
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R2=0.9986
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Figure 2-16: Determination of SMZ in syrup (Bactrim) by standard
additions method level two, (0.2 mL from 100 ug.frBactrim syrup).
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H

y =2.1393x + 0.2288
R2=0.9989

Absorbance

fal
0.2 -0.1 0 0.1 0.2 0.3
Volume of standard solution (mL)

Figure 2-17: Determination of SMZ in syrup (Cotrim) by standard
additions method level one, (0.1 mL from 100 pg-h@otrim syrup).

'.A
N>

y =2.1371x + 0.4453
R2 =0.9986

Absorbance
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Figure 2-18: Determination of SMZ in syrup (Cotrim) by standard
additions method level two, (0.2 mL from 100 pg.fCotrim syrup).
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1-TThe Determination of sulfanilamide (SNA)
2-3-7 Absorption spectra
In order to get the optimum wavelength of maximum absorption
PD[ RI WKH FRORUHG D]R G\H IRUP3G LQ WK
J P71 of SNA is taken and color has been developed by following the
prescribed procedure, whereas the blab&orption wasegligible in this
record. Figure 249 shows the absorption specim for blank against
D.W, and figure (2-20 and 2-21) show the absorption speatfor the
primary test and optimum condition for univariate and simplex method

respectively.

ir202.5 / 2.59
| ¥ 211.0 /i 2.62

DataStream - Scan
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p49.5 / 2.2
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.............................................................................................
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Figure 2-19: Absorption spectim of blank solution against (D.W.) under
the primary test.
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Figure 2-20: Absorption spectrmof (5 J P7) SNA-DPA against
reagent blankinder the primary test.
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Figure 2-21: Absorption spectrmof (  J P SNA-DPA against
reagent blank under the optimum conditigimplex method
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2-3-8 Optimization of reactionvariables

1 Univariate Method

Various parameters djazotization reaction time sodium nitrate
concentration, hydrochloric acid concentration, sulfamic acid
concentration, diphenylamine concentration and time of coupling
reaction) were first optimized for the development of color dye,
univariaty by systematic study of the effects of eaphrameterin
development of color product. The optimization steps were carried out by
varying the parameters one at a time and controlling all others fixed.

1- Effect of diazotization reactiontime

It was found that the diazotization reaction was taking place
instantaneous when the time required for diazotization reaction was
studiedin the range (20) min. at(0-5 °C). As listed in Table (A6) the
diazotized product was found to be decomposed with timeeetore,
diazotization was carried out instantaneously.

Table 2-16: Effect of diazotization reaction time.

Time (min.) Absoibance
0 1372
5 1.350
10 1331
15 1.294
20 1.256

2- Effect of sodium nitrite concentration

Sodium ritrite concentrationfor diazotization was optimized in the
range of (0.020.20) % (m/v) (Figure 222). Maximum absorbance was
observed when 1.0 mL of B % (m/v) sodium nitrite was added and the
absorption of dye product was measured at 531.0 nm. Below and above
this concentation the absorbance was decreased.
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Figure 2-22: Effect of sodium nitrite on the color development of dye
the determination of 5.0 pg.miof SNA.

3- Effect of different acidic solutions

Effect of many acids on diazotization reaction veisdied such as
H>SQi, HCI, HNG;, and CH3COOHwith 1.0 M of concentration. HCI
was responded for the stable diazotipedduct thust was used for the
following experiments (Table-27).

Table 2-17: Effect of different acids on diazotization bfug.mL?* of SNA.

Acidic solution (10 M) Absorbance
H.SOy 1.104
HCI 1.397
HNO3 0.984
CHsCOOH 0.126

4- Effect of hydrochloric acid concentration

It was found that the absorbance of the fornzmb dye product
enhanced as the concentration hydrochloric acid was decreased in the
studied range of the acidO mL of(0.20-2.0) M, Figure 223. Maximum
absorption intensity was achieved when 1.0 mi0.&M HCI was used,
and this amount was used farbsequent work
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15

1.4

1.3 -

1.2 -

Absorbance

1.1+

0 0.4 0.8 12 16 2
Concentration of HCI (M)

Figure 2-23: Effect of HCI concentration on the color development of
dye in the determination of 5@.mL?* of SNA.

5- Effect of sulfamic acid concentration

According to the results obtained upon studying the effect of the
addition of 1.0 mL of (006-0.60) % (m/v) of sulfamic acid on the
reaction product, the optimum amount was found to @enl. of 0.30 %
(m/v) solution. The effect of sulfamic acid concentratigsnshown in
Figure (224).

1.44

Absorbance
=
N
[N

0 0.1 0.2 0.3 0.4 0.5 0.6
Concentration of sulfamic acid % (m/v)

Figure 2-24: Effect of sulfamic acidconcentratioron the determination
of (5.0 ug.mL?) of SNA.
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6- Effect of reagentconcentration

The effect of reagent concentration on the intensity of the color dye
developed was tested using different concentratioDRA in the range
(0.25-1.50 % (m/v) (Figure 225). The result shoathat 1.0 mL of 1.0 %
(m/v) of DPA solution was optimum for this method.

18
—— l

1.6

1.4 -

1.2 4

Absorbance

0.8 A

0.6 T T T T T
0 0.25 0.5 0.75 1 1.25 15

Concentration of diphenylamine % (m/v)

Figure 2-25. Effect of DPA concentratioon the determination o5(0
ng.mLY) of SNA.

7- Effect of coupling reactiontime

The maximum time required for coupling reaction to be completed was
found to be 3.0 min. at room temperature. After that period, the
absorbance remained constant for at I@éashours as presented (hable
2-21).

Table2-17: Effect of coupling reactiotime.

Time (min.) Absoibance
0 1.233
2 1.626
3 1.687
5 1.683
10 1.685
15 1.684
20 1.683
60 1.680
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8- Effect of acidity

It was found that the optimum concentration of hydrochloric acid
leading to a maximum intensity of the complex wad) 6M.
Concentrations below and above this value cause a decrease in
absorbance; this may bétrébuted to the deolorization of colored azo
dye. Figure2-26 shows the effect of acidity on color dye.

1.7

1.68 1

1.66 A

1.64 1

Absorbance

1.62 1

1.6

0 2 4 6 8
Concentration of HCI (M)

Figure 2-26: Effect of acidity on color dyen the estimation d@.0
J P7SNA.

1-1Simplex Method

Simplex program was employed to find the optimum experimental
conditions of three important parameters that considerably affect the
FRORUHG SURGXFW IRUPDWL RQliumbijritgy théed FR QF H(
concentration of DPA, and the coupling reaction time) for the
determination of (NA). The boundary conditions for the studied
parameters delineated above, were first set as depicted in (T&ble 2
together with the step size values.
Four (nunber of studied parameters +1) arbitrary experimental conditions
were chosen, by selecting the values of these parameters within specified
boundaries for each, at which they affected the measured absorptions
signal of the colored productd-4 in Table 26), the absorbencies of
these four experiments were fed into the program. Figid&ashows the
progress of the simplex, which indicates gradual improvement in the
response function. Onh\LO experiments were performed, enough to
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evaluate the proper conditierat maximum response function with the
results given in (Table-28). At step 8.0the highest response function
value was obtained. To conclude, the optimum operating conditions for
the determination of ($A) are 004 % (m/v) sodium nitrite 1.0 % (m/v)

DPA and3.0mints couplingreaction Time.

Table 2-18: Multivariate experiments (Simplex) fene determination of
(5.0 J P71 SNA.

EXxp. Conc. of Conc. of Coupling
No. | sodium nitrite DPA reaction time Abs.
(% miv) (% m/v) (mint.)
1 0.04 0.50 4 1.669
2 0.20 0.25 3 0.742
3 0.08 1.00 2 1.659
4 0.16 1.25 1 1.190
5 0.04 1.25 3 1.686
6 0.04 0.75 4 1670
7 0.04 0.25 4 1.186
8 0.04 1.00 3 1.710
9 0.04 0.25 4 1.186
10 0.04 1.25 2 1.669
1.8
1.6 -
§ 1.4 -
[O5]
g 12
0.8 -
0.6 T T T T T
0 2 4 6 8 10 12
Experiment number

Figure 2-27: Response function progress for simplex.
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2-3-9 Calibration curves andanalytical data

1 Univariate method

According to the optimum experimental conditionshtained via
univariate method,linear calibration graph for suli#damide was
obtained and shown in Figure28, which shows that% H HIa\W ¢
obeyed in the concentration range of {@.6) ug.mL?. The regression
equation, correlation coefficient, molar absorptivity, Sandell's sensitivity
and detection limit are given in Tablel®.

Table 2-19: Optical characteristics and statistical datathe
determination of HA by univariate method.

Parameter Value

PD[ QP 531
Color Blue
Linearity range |ig.mL™) 0.57.0
Regression equation Y=0.3313SNA. pg.mL1]+0.0225
Calibration sensitivitfmL. pg?) 0.3313
Correlation coefficient (1% 9999
Correlation of linearity @ % 99.98
Molar absorptivity(L.mol -t.cm™?) 0 5.7049<10*
Sandell's sensitivitypg.cni?) 3.0184
Detection limit (1g.mL™?) 0.017
Quantification limit (ug.mL?) 0.050

25

y =0.3313x + 0.0225
R2=0.9998

Absorbance

0 1 2 3 4 5 6 7
Concentation of sulfanilamide (ug.mL?)

Figure 2-28: Calibration curve fothedetermination of SNA by

univariate optimal condition.
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1-1Simplex method

Table 220 and Figure 29 show the results for the calibration curve
and statistical data. Better optical characteristics for calibration curve and
statistical data were obtained under optimum conditions obtained by
simplex optimization, in comparison with those obtained via uiata
method.

Table 2-20: Optical characteristics and statistical datatifar
determination of NA by simplex method.

Parameter Value
PD[ QP 531
Color Blue
Linearity range |ig.mL™?) 0.57.0
Regression equation Y=0.3437SNA. ug.m~L?*]+0.0091
Calibration sensitivitfmL. pg?) 0.3437
Correlation coefficient (r% 99.9
Correlation of linearity @ % 99.9
Molar absorptivity(L.mol 1.cm™) 0 5.9185x10*
Sandell's sensitivityug.cni?) 2.9095
Detection limit (1g.mL™?) 0.016
Quantification limit (ug.mL?) 0.049
3
y =0.3437x + 0.0091
25 R2=0.9999
3 2-
8
215
?
< 1
0.5 -
0 T T T T T T
0 1 2 3 4 5 6 7

Concentation of sulfanilamde (ug.mL?)

Figure 2-29: Calibration curve fothe determination of SNA by simplex
optimal condition.
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Azo-dye
Scheme 24: The reaction mechanism for diazotization and reaction
between SIA andDPA

2-3-10 Precision andaccuracy

The accuracy (in tersof relative error percent) and the precision (in
term of coefficient of variation) of the proposed method under univariate
and multivariate conditions were evaluated by doing five replicate
analyses of NA at three different levelRl FRQFHQWUDWLRQ ZLWI
law range (Table-21). The results indicate good accuracy and precision
of the proposed method at the studied concentration levels.

Table 2-21: accuracy and precision of the proposed method.

Conc. of ]NA Relative Error C.V*
(ug.mL?Y) % %
Taken | Found*

For univariate 1.00 0.98 -0.020 1.822
3.00 3.03 0.010 0.386

5.00 4.99 -0.003 0.482

1.00 0.99 -0.010 0.830

For simplex 3.00 3.03 0.010 0.333
5.00 4.95 -0.010 0.149

*mean of five replicate.
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2-3-11 Interference study

The effect of various foreign species, which may be present in
pharmaceutical products and affecting the reaction between the
sulfanilamide andDPA, were studiedOptimum experimental conditions,
for simplex optimization, were employetb determine5.0 J P?
concentration of SA. Table 2-22 shows that thepresence 0f1000
ng.mL? of the studied interfering excipient causesors less than 2 %.

Table 2-22: Percent recovery f&.0 pg.mL? of sulfanilamidein the
presence of 1000 pg.miof excipients

Excipients Concentration Sulfanilamide Conc. Taken(5.0ug.mL1)
(ng.mL7Y) Conc.*Found Recovery
pg.mL1Y) %
Vanillin 491 98.20
Glucose 5.10 102.00
Lactose 1000 4.92 98.40
Starch 4.94 98.80
Sucrose 4.95 99.00

*Average of three determinations.

2-3-12 Application in synthetic sample by sandard additions method (SAM)

To increase the insurance, the proposed spectrophotometric method
was applied for the determination oA in syntheticsamplefollowing
the standard additions technique. Figu(@-30 and 2-31) show the
standard additions plot and Table€22 shows the result of recovery and
coefficient of variation for the method.

Table 2-23: Application of the simplex method to th&l& concentration
measurements isyntheticsampleby standard additions method

Sample Conc. taken Conc.* found | Recovery % C.V*
(ug.mL™) (ug.mL™) %

SNA in

synthetic 100.00 101.40 10140 0.798

sample

SNA In

synthetic 200.00 202.60 101.30 0.202

sample

*Average of three determinatians
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1 0
O

y = 3.4807x + 0.3588
R2=0.9997

Absorbance

fa)
-0.2 -0.1 0 0.1 0.2 0.3

Volume of standard solution (mL)

Figure 2-30: Determination of SNA in synthetic sample by standard
additions method.evelone(0.1 mL from 100 pg.mLt! synthetic sample).

N

y = 3.4107x + 0.6977
Rz = 0.9994

Absorbance

-0.3 -.2 -Ol.l ” 0 Ol.l OI.2 0.3
Volume of standard solution (mL)
Figure 2-31. Determination of SNA in synthetic sample by standard
additions method.eveltwo (0.2 mL from 100 pg.mt synthetic sample).

Good recoveries of the drug present in studied sample indicate that non
interference from excipient
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Chapter Three

3 Determination of sulfamethoxazole andsulfanilamide by reaction
with sodium 1, 2-Napthoquinon-4-Sulfonate (NQS)

3-1 Introduction
3-1-1 Condensationreaction

The reaction ofsodium1, 2-napthoquinone4-sulphanate (NQS) with
primary aromatic aminewas reported by Bonigef!? since 1894
Replacement of the sulphonate group of the naphthoquinone sulphonic
acid by an amino group gives-&lkylamino naphthoquinoné'4. This
reaction has been applied to the characterization of primary aromatic
amines and later formed the basis for coloringetteterminations of
amino acids sufonamides primary or secondary aliphatic and aromatic
amines. In the case of primary aminiee adduct can be represented by
either the amino quinongructure(l), the quinonamine structurgll) or
an equilibrium mixture of the two obviously, only the quinone structure
can be taken into account with a secondary amine.

(@) o
(@) (@)
R-NH, + ‘ —_— CI‘
SO;Na NHR
NQS Amioquinone
o o
O I o l I OH
NHR NR
Amioquinone Quinonei mine
0] (1)

It may beconcluded that, under the conventional analytical conditions,
equilibrium between two forms (I and 1) mgaintervene for the
derivativesobtained from primary amines, but the quieostructure is
mostly favored!5119 The applications of NQSor spectrophotometric
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methods*t"118 as the chromogenic reagent are in good number dad it
simplest reagent because of its well stability and the stability of colored
complexes it formed with a series i@agents was been well utilized by
good numbeof researchers.

3-1-2 Sodium 1, 2-napthoquinone-4-sulfonate (NQS)(19120121)

The structure formula aodium1, 2-napthoquinonel-sulfonate
(NQS)is shown in Schem®-1 and the general properties are listed
below:

SOz;Na

Scheme 31: The formula structure afodiuml, 2-napthoquinonet-
sulfonate (NQS)

Chemical Name Sodium 3,4dioxo-3,4-
dihydronaphthalené-sulfonate

Additional Name sodium 1,2naphthoquinond-
sulfonate

Appearance Orange

Molecular Formula CioHsNaGsS

Molecular Weight (g.mol?) 260.20

Melting Point 289°C

Uses Laboratory Reagent

Solubility Soluble inwater anccold water.
Keep containedry; Keep in a cool

Handling and Storage place, Keep container tightly close
protected from the light.

Stability Theproduct is stable









