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Abstract
A sensitive, simple, accurate and economic spectrophotometric method has been developed for
the determination of gabapentin (GBP) and gentamicin (GEN) in pure form and pharmaceutical
preparations. The method is based on Schiff base formation through condensation reaction of the
primary amino group of GBP and GEN with an active carbonyl group of salicylaldehyde reagent
(SA) in presence of acetate solution. The obtained yellow coloured derivatives in methanolic
medium showed absorption maxima at 403 nm and 416 nm, for GBP and GEN, respectively and
they were found to be stable at least for 1 hour after dilution. Different variables affecting the
reactions were studied and optimized such as the type of solvent, reagents concentration, pH
effect, reaction temperature and reaction time. Under the optimum conditions, the absorbance
was found to increase linearly with increasing concentration with correlation coefficient values
of 0.9961 and 0.994 for GBP and GEN, respectively. The validity of the described method was
assessed according to the ICH guidelines. Beer’s law was obeyed in the concentration ranges of
6 to 100 μg/mL and 13.6 to 170 μg/mL for GBP and GEN, respectively. Limit of detection
(LOD) and limit of quantification (LOQ) were found to be 4.24 and 12.84 μg/mL for GBP and
8.37 and 25.35 μg/mL for GEN, respectively. The mean percentage recoveries ± standard
deviation (SD) (n = 9) were 100.57 ± 1.5 and 100.88 ± 1.02 by applying the standard addition
technique for GBP and GEN, respectively. The method was precise (relative standard deviation
(RSD) ≤ 1.34% and ≤ 1.23% for GBP and GEN, respectively). It was successfully applied for
determination of the investigated drugs in their pharmaceutical dosage forms without detectable
interference from the additives commonly present in the pharmaceutical preparations. Statistical
comparison of the results was performed using t-test at 95% confidence level, and there was no
significant difference between the official and the proposed method with regard to accuracy,
hence can be suggested for routine analysis of both drugs.
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Arabic abstract
تطوير وتحقق من طريقة تحهيم طيفي نتحذيذ كمية دوائي انجابابنتين و انجنتاميسين في انمادة انخاو واالشكال انصيذالنية
ٓخضمن البحث حطَٓز ٍمعآزة طزٓمت ححلٔل طٔفْ حخمٔزش ااهٌزا اسا زت ٍ اسزٔطت ٍةلٔمزت ٍالخ زاةٓت لخحيٓزي مٔزت زل مزن ةٍا
الجااززااوخٔن )ٍ (gabapentinةٍا الجوخامٔسزززٔن ) (gentamicinززَا

زززاو الززيٍا هزززْ االخززي الومٔزززت اٍ هززْ المسخحضززززاث

ال ززٔييهٔت .امخمززيث الطزٓمززت ملززِ حبززَٓن مز ززخ آمٔوززْ مززن ززمي حفامززل مجمَمززت ايمززٔن ايٍلٔززت المَ ززَةة هززْ الززيٍا مز
مجمَمت الباراَهٔل الوشطت المَ َةة هزْ مزاةة السالٔسزٔملئًي  (salicylaldehhdeهزْ ٍ زَة محلزَي اي زٔخاث .المز بزاث
ال فزا المخبَهت من ًذا الخفامل هزْ ٍ زَة المٔنزاهَي مزذٓخ ا ٌززث املزِ تزية امخ زاط موزي الطزَي المزَ ْ ٍ 403موزي
 416هاهَمخز ليٍا الجااااوخٔن ٍةٍا الجوخامٔسٔن ملِ الخَالْ ااإلضاهت الِ او ًذى المز باث حمٔشث انباحخٌزا لمزية زامت ملزِ
ايلل اعي الخخفٔف.
حم ةرا ت الظززٍ

المخخلفزت المزة زة ملزِ الخفامزل منزل هزَب المزذٓخ ٍحز ٔزش المزَاة المخفاملزت ٍحزل ٔز امضزٔت الَ زظ ٍةر زت

الحزارة الموا بت للخفامل ٍمية الخفامل ٍاالخالْ حم ححيٓي الظزٍ
للطزٓمت .ححج ًذى الظزٍ

الممئمت ٍايمنل للح َي ملِ اهضل امخ اصزٔت ٍاسا زٔت

المنلِ للخفام ل حم الح زَي ملزِ مملزت طزةٓزت ازٔن حز ٔزش الزيٍا ٍايمخ اصزٔت امعامزل ارحبزاط

 0.994 ٍ 0.9961ليٍا الجااااوخٔن ٍةٍا الجوخامٔسٔن ملِ الخَالْ.
حزم معزآزة ٍحمٔزٔم طزٓمزت الخحلٔزل للزيٍائٔٔن اسزخ مبزاة

 ٍ .)ICHزي او لزاهَو أزز ٓوطبزك ملزِ مزيُ الخزا ٔزش ٍ 100 – 6

 170 -13.6مٔبزٍ ززا لبزل ملٔلخزز لزيٍا الجاازااوخٔن ٍةٍا الجوخامٔسزٔن ملزِ الخزَالْ ٍ .زي او ) (LOQ) ٍ (LODاهزج
 12.84 ٍ 4.24مٔبزٍ زا لبزل ملٔلخزز لزيٍا الجاازااوخٔن ٍ  25.35 ٍ 8.37مٔبزٍ ززا لبزل ملٔلخزز لزيٍا الجوخامٔسزٔن ملزِ
الخَالْ .موي هحص اليلت ) (accuracyاو معيي هسبت اي خز اب لعية  9من العٔواث)  1.5 ± %100.57لزيٍا الجاازااوخٔن
ٍ  1.02± %100.88لززيٍا الجوخامٔسززٔن اخطبٔززك الٔززت اضززاهت المززاةة المٔا ززٔت .حززم ا بززاث لاالٔززت الطزٓمززت للخبزززار)(precision
أث لم ٓخجاٍس ايهحزا

المعٔارّ الوسبْ ) %1.23 ٍ %1.34 (RSDليٍا الجااااوخٔن ٍةٍا الجوخامٔسٔن ملِ الخَالْ.

حم حطبٔك الطزٓمت المطَرة ابفا ة هْ ححيٓي مٔت ةٍائْ الجااااوخٔن ٍ الجوخامٔسٔن هْ ايتباي ال ٔييهٔت ةٍو أّ حيا مث
من المَاة المضاهت ٍالمبَهاث غٔز اي ا ٔت هْ ايتباي ال ٔييهٔت .حم ممارهت ًذى الوخائج اا ائٔا م الوخائج الموشَرة
للطزق الي خَرٓت اا خخيا ا خبار  t-testموي مسخَُ مي ٍ %95الذّ ا ٌز اهي ي َٓ ي ًوان أّ ا خم
الطزٓمخٔن من أث اليلت ٍاالخالْ هاهي ٓمخزح ا خخيامٌا هْ الخحلٔل الخملٔيّ لليٍائٔٔن.

انكهمات انمفتاحية :اتخماق ,ااااوخٔن ,وخامٔسٔن ,الٔسٔملئًي ,ححلٔل طٔفْ.
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CHAPTER (1)
Introduction
1.1 Overview
A rapid development of drugs is a need to achieve a better world. Quality control is an essential
operation of pharmaceutical industry because these drugs must be marketed as pure, safe and
therapeutically active formulations to combat the sufferings of human beings. Hence, drugs are
subjected to various checks at different levels either by Government owned drug testing
laboratories or by Government approved drug testing laboratories. This requires the development
of analytical procedures for their evaluation by pharmaceutical analysts. Such procedures may
range from the simple chemical experiments which determine the identity and screening for the
presence of particular pharmaceutical substance (thin layer chromatography, infrared
spectroscopy, etc.), to more complicated requirements of pharmacopoeia monographs.
Spectrophotometry and chromatography are techniques which are commonly used for
pharmaceutical and biomedical analysis. While chromatography is a valuable technique for
separating complex mixtures, yet spectrophotometric methods still preferred and find a wide
range of pharmaceutical applications because of the accessibility of its instrumentations and
lower cost as compared to other methods. Ultraviolet- Visible (UV-Vis) spectrophotometric
procedures are generally simple, fast, robust and accessible (Hoang et al., 2013).
Analytical method validation plays a major role in the discovery, development, and manufacture
of pharmaceuticals. The objective of validation of an analytical procedure is to demonstrate that
it is suitable for its intended purpose. Typical validation parameters are carried out according to
the International Conference on Harmonization (ICH) guidelines (ICH, 2005).
1.2 Absorption Spectroscopy
The earliest application of molecular absorption spectroscopy in 1830 was colorimetry, in which
visible light was absorbed by a sample. The concentration of analyte was determined visually by
comparing the sample’s color to that of a set of standards using Nessler tubes or by using an
instrument called a colorimeter. Modern instrumentation for absorption spectroscopy routinely
became available in 1940 and progress in these fields has been rapid ever since (Harvey, 2000).
Analytical absorption spectroscopy in UV (190-380 nm) and Vis (380-800 nm) regions has been
widely used in analysis for quantitative purposes and, for the characterization of drugs,
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impurities, metabolites and related substances (Fell, 1986). Its popularity is due to that many
organic and inorganic compounds have strong absorption bands in the UV/Vis region of the
electromagnetic spectrum (Watson, 2005).
UV & Vis spectrophotometry finds its primary application in quantitative analysis. There are a
plethora of commercially available spectrophotometers of varying design i.e., single-beam
(simple), double-beam (more precise and accurate) and microcomputer controlled built-inrecorder with separate printer. Typical UV–Vis spectrophotometric instrument consists of the
following basic components (figure 1.1):


A light source: a source of electromagnetic radiation must provide an output that is both
intense and stable in the desired region of the electromagnetic spectrum. Source of
electromagnetic radiation is continuum which emits radiation over a wide range of
wavelengths, with a relatively smooth variation in intensity as a function of wavelength. It
is usually a deuterium lamp, which emits electromagnetic radiation in the UV region of
the spectrum. A second light source, a tungsten lamp, is used for wavelengths in the Vis.
region of the spectrum.



A wavelength selector: it consists of an entrance slit, a dispersive device, a collimator
and an exit slit. It passes a narrow band of radiation characterized by a nominal
wavelength, an effective bandwidth, and a maximum throughput of radiation. Conditions
favoring a higher throughput of radiation usually provide less resolution. Decreasing the
effective bandwidth improves resolution, but at the cost of a noisier signal. For a
qualitative analysis, resolution is generally more important than the throughput of
radiation; thus, smaller effective bandwidths are desirable. In a quantitative analysis a
higher throughput of radiation is usually desirable maximum throughput.



A sample cell: samples are normally in the liquid or solution state and are placed in cells
constructed with UV/Vis-transparent materials, such as quartz, glass, and plastic. Quartz
or fused-silica cells are required when working at wavelengths of less than 300 nm where
other materials show a significant absorption. Plastic cell is available for measuring in the
vis. region only.



A detector: it is generally a photomultiplier tube, although in modern instruments
photodiodes are also used. Modern detectors use a sensitive transducer to convert a signal
consisting of photons into an easily measured electrical signal.
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A signal processor: a readout device which convert the electrical signal from the detector
to a digital signal which is displayed in a more convenient form for the analyst. Examples
of signal processors include analog or digital meters, recorders, and computers equipped
with digital acquisition boards (Harvey, 2000; Pavia et al., 2009).

Figure 1.1: Block diagram for a double beam UV-Vis spectrophotometer.

The wide application of UV-Vis absorption spectroscopy is attributed to following important
characteristic:


Wide applicability of both organic and inorganic system.



Typical sensitivity of 10-4 to 10-5 M.



Moderate to high selectivity.



Good accuracy.



Ease of convenience of the data acquisition (Edisbury, 1996).

1.3 Derivatization:
The scope of absorption spectroscopy can be significantly extended by the use of color reactions,
often with a concomitant increase in sensitivity and/or selectivity. Such reactions are used to
modify the spectrum of an absorbing molecule so that it can be detected in the Vis- region (380800 nm), well separated from other interfering components in the UV spectrum. Moreover,
chemical modification can be used to transform otherwise non-absorbing molecule to a stable
derivative possessing significant absorption (Fell, 1986). A derivatization is a general term for a
chemical reaction designed to tag a conjugated system to the molecule of the compound of
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interest so that a bathochromic effect is produced and convert it from poor detector-responding
analyte into a highly detectable product which make enhancement of properties as detector
response, linear response range, and the ability of separation. There are many variables that
control completeness, speed, and specificity of the derivatization reaction such as temperature,
solvent, catalysts, and pH. Each of these variables can be optimized within a specific application
(Knapp, 1979).
Herein, a derivatization method was adapted for two widely used drugs, gabapentin (GBP) and
gentamicin (GEN). Both drugs lack UV absorbing chromophore for direct analysis, therefore
their determinations mostly depended on derivatization with agents such as sodium 1,2naphthoquinone-4-sulfonate,

vanillin,

ninhydrin,

picric

acid,

2,4-dinitrophenol,

2,4,6-

trinitrobenzene-sulphonic acid, phenylisothiocyanate, 1-fluoro-2,4-dinitrobenzene, 4-chloro-7nitrobenzofurazan

and

4-fluoro-7-nitrobenzofurazan,

o-phthaldialdehyde

(OPA)

and

fluorescamine.
1.4 Gabapentin
GBP is a structural analogue of gamma-aminobutyric acid (GABA). It was used originally as
anticonvulsant in the treatment of epilepsy. Currently it is used for the treatment of complex
partial seizures, with or without secondary generalization and to relieve pain, especially
neuropathic pain. It is formulated as oral solution, capsules and tablets (Martindale 36, 2009b).
Several analytical methods have been reported for the determination of GBP in pure form,
pharmaceutical formulation and biological fluids. These methods are based on gas
chromatography

(GC),

high

performance

liquid

chromatography

(HPLC),

capillary

electrophoresis (CE), UV-Vis spectrophotometry and spectrofluorometry. These methods mostly
have been achieved following derivatization of GBP due to the absence of a UV absorbing
chromophore in GBP.
1.5 Gentamicin
GEN is a potent aminoglycoside antibiotic with bactericidal effect that obtained from
Micromonospora purpurea. It is used for the treatment of many types of bacterial infections,
particularly those caused by aerobic gram-negative bacteria, such as Pseudomonas,
Acinetobacter, and Enterobacter. GEN is the preferred antibiotic among aminoglycosides
because of long experience with its use and its lower cost. It is available in different
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pharmaceutical dosage forms through various routes of administration, such as topical, systemic
and ophthalmic (Martindale 36, 2009a).
Several methods have been described for the analysis of GEN in biological matrices,
pharmaceutical preparations and pure form, that mostly based on HPLC or CE. Due to GEN
hydrophilicity, lack of volatility and chromophore, most methods have been applied either by
using wide variety of special detection techniques such as (evaporative light scattering detection
(ELSD), charged aerosol detection (CAD) and pulsed electrochemical detection (PED) or
indirectly by derivatization using UV or fluorescence detection for enhancement of GEN
detectability.
1.6 Justification:
Quality control plays a vital role so that the patient gets the drug within the permissible limits of
potency and tolerance. Pharmaceutical counterfeiting is a worldwide public health problem,
often under-recognized, especially in developing countries, where the percentage of counterfeit
and sub-standard medicines is dramatically high (Gaudiano et al., 2008). So it is obviously
necessary to ensure that the drugs are safe and effective by quantitatively analyze their amounts
in the pharmaceutical dosage forms.
Because of the toxicity of aminoglycosides, considerable effort has been attributed to analyze
their content in drug preparations, in serum and in urine specimen for therapeutic drug
monitoring that is widely nowadays accepted as a method to improve the effectiveness and
safety of drugs (Isoherranen and Soback, 1999). The pronounced inter-individual variation in
pharmacokinetics and the dose-dependent bioavailability of GBP suggest the monitoring of its
concentration may be useful (Juseop et al., 2011).
Owing to the absence of a UV absorbing chromophore in GBP and GEN molecules, the analysis
of them have been achieved following their derivatization. Various methods have been reported
for determination of GBP and GEN that mostly rely on chromatographic methods especially
HPLC with various detection methods. They are more labor-intensive, not easy to work with
them and their columns and solvents are either expensive, hazardous or not available. GC and
CE assays are likely to be limited by routine availability of these techniques. In view of intrinsic
characteristics of UV-Vis spectrophotometry, it is widely used for quality control of
pharmaceuticals. UV-Vis methods are generally cheap, robust, simple, fast, accessible and
performed without the use of hazardous chemicals which are detrimental to the environment.
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1.7 Problem statement:
No chromophore is available in GBP and GEN moieties for direct analysis by absorption
spectrophotometry, therefore their determinations are quite problematic. The available analytical
methods for GBP or GEN suffer from some limitations like long run time, poor sensitivity, the
use of expensive chemical and/or complicated experimental setup which may not be suitable for
routine analysis. The present work examines the use of salicylaldehyde (SA) as a derivatizing
reagent to produce a chromophore detectable by UV-Vis detector in the spectrophotometric
determination of GBP and GEN in pure forms as well as in pharmaceutical formulations.
1.8 Aim:
The aim of the study is to develop and validate a new, simple, accurate and precise
spectrophotometric method for determination of GBP and GEN by derivatization in raw material
and pharmaceutical formulations using SA.
1.9 Objectives:


To develop spectrophotometric method for assay of GBP through derivatization with SA.



To develop spectrophotometric method for assay of GEN through derivatization with SA.



To optimize the conditions of derivatization reaction (pH, temperature, reagent
concentration and time of the reaction) for the developed method.



To validate the developed method at the optimum conditions by determining the
parameters (specificity, linearity, range, precision, accuracy, LOD and LOQ).



To apply the developed method on pharmaceutical dosage forms of GBP and GEN.



To compare the developed method with official methods for GBP and GEN
determination in dosage forms.
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CHAPTER (2)
Literature Review
2.1 Spectrophotometry and derivatization
The interaction between the sample and the electromagnetic radiation is easiest to understand if
electromagnetic radiation is assumed consisting of a beam of energetic particles called photons.
A sample undergoes a change in energy, when a photon is absorbed by it because it is destroyed
and its energy acquired by the sample. In absorption spectroscopy a beam of electromagnetic
radiation passes through a sample and much of it is transmitted without a loss in intensity.
However, at selected frequencies, the radiation’s intensity is absorbed. Two general requirements
must be in an analyte to absorb electromagnetic radiation. The first requirement is that there
must be a mechanism by which the radiation interacts with the analyte. For UV and Vis.
radiation, this interaction involves the electronic energy of valence electrons. The second
requirement is that the energy of the electromagnetic radiation must exactly equal the difference
in energy between two of quantized energy states of the analyte (Harvey, 2000).
Absorbance is solely dependent upon two factors, concentration of the absorbing substance
present in the solution, and thickness of the absorbing layer taken for measurement. Beer–
Lambert Law is formulated,
A = log (I0/I) = abc for a given wavelength,
where A = absorbance, I0 = intensity of light incident upon sample cell, I = intensity of light
leaving sample cell, c = concentration of solute (g/100ml), b = length of sample cell (cm) and a =
absorptivity (Ashutosh, 2005).
According to Beer’s law, a calibration curve of absorbance versus the concentration of analyte in
a series of standard solutions should be a straight line with an intercept of 0 and a slope of ab.
Calibration curves based on Beer’s law are used routinely in quantitative analysis. However,
calibration curves are found to be nonlinear in some cases due to fundamental, chemical, and
instrumental deviations (Harvey, 2000).
The molar absorptivity (Ɛ) is the product of the molecular weight (M.Wt) of the substance and its
absorptivity. The size of the absorbing system and the probability that the electronic transition
will take place control the absorptivity, which ranges from 0 to 106. When concentration is
expressed in g/100ml, absorptivity is described as the specific absorbance (A1%1cm) which is the
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absorbance of a 1 cm layer of solution that essentially contains 1% by weight of absorbing
solute. Most of the pure pharmaceutical substances possess a definite characteristic A1%1cm that
forms the basis of their assay vis-a-vis the unknown sample (Pavia et al., 2009).
Various factors govern measurement of absorption of substances, namely: (i) chromophore,
which is a molecular grouping that is specifically responsible for absorption of energy at some
specific wavelengths (ii) solvent, (iii) temperature and (iv) inorganic ions. Substances that do not
absorb UV/Vis radiation or absorb it weakly, can be chemically coupled to a species that does
(Ashutosh, 2005).
Derivatization reactions are chemical reactions that aim to increase the detectability of the
analyte. In other words, the chemical structure of the analyte can be modified by the reaction of a
specific functional group in the substance of interest with a derivatizing reagent resulting in a
new chemical entity with new spectroscopic properties that can be used for quantification or
separation of the substance. The selection of such reagents depends on specific functional group
of the analyte. The effect and control of any parameters likely to affect this reaction should be
established, i.e. solvent, pH, temperature, reagent excess, order of reagents mixing and the time
required to establish a stable generated chromophore (Knapp, 1979).
2.2 Gabapentin
2.2.1 Physicochemical properties
GBP (brand name Neurontin®) chemically is known as 1-(aminomethyl) cyclohexaneacetic acid
(figure 2.1). Molecular formula of GBP is C9H17NO2 and its M.Wt is 171.24 (USP 32, 2009a).
GBP is a white to almost white crystalline powder that is sparingly soluble in water, slightly
soluble in ethanol (96 %) and practically insoluble in methylene chloride. It dissolves in dilute
acids and dilute solutions of alkali hydroxides. A 2% solution of GBP in water has a pH of 6.5 to
7.5 (BP, 2015a; Martindale 36, 2009b). GBP has pKa1 of 3.7 and a pKa2 of 10.7 (Firake et al.,
2016).

Figure 2.1: Chemical structure of gabapentin
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When GBP solutions were stressed by light and heat (up to 50°C) for 3 hours, it was observed
that such conditions did not cause significant degradation (Gujral et al., 2009).
2.2.2 Pharmacological action
Although GBP was originally developed as anticonvulsant in the treatment of epilepsy as a
structural analogue of GABA, it is neither a GABA agonist nor antagonist. The precise
mechanism by which GBP produces its analgesic and antiepileptic actions is yet unknown.
However, it is believed to involve voltage-gated N-type calcium ion channels in the central
nervous system, reducing calcium influx into the nerve terminals. In this way the nerves become
less excitable, reducing the release of other neurotransmitters (Davies et al., 2007; Sills, 2006).
GBP is used for the treatment of complex partial seizures, with or without secondary
generalization in patient overs 6 years. GBP is currently used as a medication to relieve pain,
especially neuropathic pain such as painful diabetic neuropathy and post-herpetic neuralgia in
adults. In recent years, GBP also has been used widely as an adjunct for the treatment of acute
postsurgical pain. Several meta-analyses have confirmed the efficacy of GBP in reducing
postoperative opioid use and pain associated with heroin withdrawal (Behnam et al., 2012;
McNamara, 2011).
The commonly reported adverse effects associated with GBP are somnolence, dizziness, ataxia,
fatigue, tremor, pharyngitis, rhinitis, dysarthria, nausea and vomiting, weight gain, edema,
dyspepsia, amnesia, weakness, anxiety, and urinary-tract infection. Common psychiatric effects
include confusion, depression, nervousness and more rarely hallucinations and psychoses. GBP
should be used with caution in patients with renal impairment and in those undergoing
hemodialysis (Goa and Sorkin, 1993; Martindale 36, 2009b).
2.2.3 Pharmacokinitics
Regarding pKa of GBP, it is orally absorbed in part by a carrier-mediated transport system, and
its peak plasma concentrations are observed within 2 to 3 hours. GBP bioavailability tends to
decrease with increasing dose because of the transporter's capacity saturation. Food, including a
high-fat diet, has no effect on GBP pharmacokinetics. Less than 3% of GBP circulates bound to
plasma protein and has a volume of distribution 58 L after 150 mg intravenous administration.
(Beydoun et al., 1995).
GBP is not metabolized in humans. It is eliminated unchanged solely by renal excretion. The
elimination half-life of GBP is independent of dose and averages 5 to 7 hours. GBP does not
9

induce hepatic mixed function oxidase enzymes responsible for drug metabolism. It is
formulated as oral solution (250 mg/5 mL), capsules (100 mg, 300 mg, 400 mg) and tablets (600
mg, 800 mg) (Martindale 36, 2009b).
2.2.4 Methods of analysis
Reviewing the literature revealed that several direct and indirect analytical methods have been
used for the determination of GBP in pure form, pharmaceutical formulations and/or biological
samples either alone or in combination with other drugs. These methods include spectroscopic,
chromatographic, CE and other techniques.
2.2.4.1 Official methods
The official methods for the identification and quantitation analysis of GBP is prescribed in BP
and USP. A direct HPLC method is stated in BP for analysis of GBP with spectrophotometer
detection at 215 nm using column (250 x 4.6 mm; stationary phase: octadecylsilyl (ODS)
amorphous organosilica polymer R (5 µm)), temperature 40°C., mobile phase (acetonitrile:
buffer solution pH 1.8) (24:76 v/v)) and flow rate 1.0 mL/min. GBP contains 97.5 % to 102.0 %
(anhydrous substance) (BP, 2015a). In USP, same direct HPLC method is stated for analysis of
GBP which contains 98.0 % to 102.0 % (anhydrous substance) (USP 32, 2009a).
2.2.4.2 Spectroscopic methods
Several spectroscopic methods were developed for GBP analysis in pure form and in
pharmaceutical

formulations

either

with

spectrophotometric

or

spectrofluorimetric

determination. In all reviewed spectroscopic procedures, a wide variety of derivatizing reagents
were used except that was described by Gujral et al. (2009) which based on the direct
measurement of the native absorbance of GBP at 210 nm with linearity range of 0.25-3.5 µg/mL
although, Gujral et al. (2010) published another method for GBP hydrochloride determination
which based on the reaction of carboxylic acid group of GBP with a mixture of potassium iodate
and iodide to form yellow colored product in aqueous medium at 25ºC and measuring
absorbance at 450 nm with linearity range of 21.2–159.0 µg/mL (Gujral et al., 2009; Gujral et
al., 2010).
Another spectrophotometric method was developed for GBP determination based on its
condensation with 2,5-dihydroxybenzaldehyde to form a yellow Schiff base exhibiting a
maximum absorbance wavelength (λmax) at 445 nm. Beer’s law was obeyed in the concentration
range 2.57 - 37.25 µg/mL (Saleh et al., 2014).
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The formation of colored complexes and radical anions from the charge-transfer reactions of
GBP as n-electron donor with ninhydrin, iodine and various pi-acceptors (namely, chloranil,
chloranilic acid, 7,7,8,8-tetracyanoquinodimethane, 2,3-dichloro-5,6-dicyano-1,4-benzoquinone
and tetracyanoethylene) were utilized in the development of spectrophotometric methods for
GBP analysis (Hesham, 2008; Siddiqui et al., 2010).
Furthermore, Gouda and Malah (2013) described a method for the determination of GBP and
pregabalin based on the formation of charge transfer complexes with quinalizarin and alizarin
red S. The complexes showed λmax at 571 and 528 nm, and the linearity ranges were 0.4-8.0
μg/mL and 0.5-10 μg/mL for GBP using quinalizarin and alizarin red S, respectively (Gouda and
Malah, 2013).
In addition, two published spectrophotometric methods for GBP determination were described.
The first one was based on the proton transfer from picric acid or 2,4-dinitrophenol (Lewis acid)
to the primary amino group of GBP (Lewis base) and formation of yellow ion-pair complexes
showed λmax at 415 and 420 nm with linearity ranges of 1.25–15.0 μg/mL and 2.0–18.0 μg/mL of
GBP for picric acid and 2,4-dinitrophenol methods, respectively (Abdulrahman and Basavaiah,
2011b). The second method was based on GBP reaction with sodium 1,2-naphthoquinone-4sulfonate in the presence of buffer of pH 11 to form an orange-colored product measured at 495
nm with linearity range of 7.5–75 µg/mL (Abdulrahman and Basavaiah, 2011a).
Abdellatef and Khalil (2003) developed three colorimetric methods for GBP determination in
capsules. The first method was based on GBP reaction with vanillin in the presence of buffer pH
7.5 and the developed color was measured at 376 nm with linearity range of 80-360 µg/mL. The
second was based on the reaction of GBP with p-benzoquinone to form a colored product with
λmax at 369 nm and the linearity was in the range of 80-320 µg/mL. The third method was based
on the reaction of the primary amino group of GBP with ninhydrin in N, N'-dimethylformamide
medium producing a colored product (Abdellatef and Khalil, 2003).
Galande et al. (2010) applied a spectrophotometric method for the estimation of GBP and
methylcobalamin in tablets using ninhydrin as a derivatizing reagent with linearity range of 50300 µg/mL for GBP at λmax 405nm (Galande et al., 2010).
Furthermore, two spectrophotometric methods were developed for GBP estimation in
pharmaceutical formulation based on the formation of ion-association complexes with
bromocresol green in a phosphate buffer of pH 4.0 (method I) and with bromothymol blue in a
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phosphate buffer of pH 4.0 (method II). The complexes showed λmax at 416 nm and 421 nm and
the linearity ranges were 10-120 µg/mL and 40-90 µg/mL for GBP with bromocresol green and
bromothymol blue, respectively (Ambala and Patel, 2011).
The reviewed spectrophotometric method for the analysis of GBP in human plasma was
developed by Kazemipour et al. (2013). GBP derivatized with vanillin and analyzed without any
extraction in bulk and pharmaceutical dosage forms but in plasma samples, it was extracted with
a reversed - phase (RP) solid - phase extraction (SPE) cartridge before derivatization. The
linearity ranges were 10.0–90.0 mg/L and 0.8–10.0 mg/L for pharmaceutical dosage form and
plasma, respectively. LOQ of GBP in human plasma was 0.8 mg/L (Kazemipour et al., 2013).
Numerous derivatization spectroscopic methods were developed for the determination of GBP
with other drugs. For example, a method was developed for the analysis of vigabatrin and GBP
by Al-Zehouri et al. (2001) which based on the condensation of the drugs through their amino
groups with acetylacetone and formaldehyde yielding the yellowish-orange fluorescent
dihydropyridine derivatives. The color was also measured spectrophotometrically at 415 nm and
the method was rectilinear over the range of 20-140 µg/mL for GBP. As for the fluorescenceconcentration plot, it was linear over the range of 2.5-20 µg/mL with LOD of 0.1 µg/mL for
GBP. The spectrophotometric method was applied to GBP determination in tablets whereas the
spectrofluorimetric method was applied to GBP determination in spiked human urine and plasma
(Al-Zehouri et al., 2001).
Another spectrofluorimetric method was applied to the determination of vigabatrin and GBP in
their pharmaceutical formulations and in-vitro spiked human urine which was based on the
reaction with fluorescamine in borate buffer pH 8.2 to give fluorescent derivatives that were
measured at 472 nm using an excitation wavelength of 390 nm for both drugs. Beer's law is
obeyed in the concentration range of 0.1–1.0 µg/mL with LOD of 0.06 µg/mL for GBP (Belal et
al., 2002).
2.2.4.3 Chromatographic methods
HPLC either with UV detection or fluorometric detection was the most chromatographic
technique used for GBP analysis. Few methods were published for direct HPLC-UV analysis of
GBP in bulk, pharmaceutical formulations and urine sample. For example, two methods were
published without any derivatization in which the separation was achieved on a C18 column
(150 × 4.6 mm, 5 μm) (Gujral and Haque, 2009a; Gujral and Haque, 2009b). A mobile phase of
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methanol - KH2PO4 solution (20:80 v/v) (pH 6.2) at a flow rate of 1.0 ml/min with detection at
275 nm was used for GBP quantification in pure form in the first method (Gujral and Haque,
2009b), whereas a mobile phase of methanol – acetonitrile - KH2PO4 (pH 5.2; 0.028 M)
(25:10:65) was used with detection at 210 nm for GBP quantification in bulk, pharmaceutical
formulation and human urine samples in the second method with linearity range of 0.1–3.8
mg/mL of GBP (Gujral and Haque, 2009a).
In contrast, several HPLC-UV methods were reported for GBP analysis in bulk and
pharmaceutical formulations which based on derivatization (indirect methods) with various
reagents,

such

as

2,4,6-trinitrobenzene-sulphonic

acid,

phenylisothiocyanate,

1,2-

naphthoquinone-4-sulphonic acid sodium salt, 1-fluoro-2,4-dinitrobenzene and dansyl, were
published. For example, a HPLC-UV method for GBP analysis in human plasma was developed
in which GBP was extracted from plasma with a RP-SPE cartridge followed by derivatization
with phenylisothiocyanate and LOQ of GBP was 0.03 µg/mL (Zhu and Neirinck, 2002).
Another two HPLC-UV procedures for GBP determination after pre-column derivatization with
1-fluoro-2,4-dinitrobenzene were separately published in which the separation was carried out on
C18 column using a mobile phase of acetonitrile - NaH2PO4 (pH 2.5; 0.05 M) (70:30, v/v) at
flow rate 1.5 mL/min with detection at 360 nm (Jalalizadeha et al., 2007; Souri et al., 2007). The
method was described for the determination and dissolution rate study of GBP capsules with
linearity range of 10-500 µg/mL (Souri et al., 2007). However, this method was applied for GBP
quantification in human plasma following protein precipitation of plasma by acetonitrile with
linearity range of 0.05–5 µg/mL of GBP in plasma (Jalalizadeha et al., 2007).
Furthermore, Sagirli et al. (2006) described an isocratic HPLC procedure for the determination
of GBP in human plasma and urine in which the sample was cleaned up by SPE with C18cartridge followed by a pre-column derivatized with 1,2-naphthoquinone-4-sulphonic acid
sodium salt. The separation was achieved on C18 column with a mobile phase of acetonitrile and
10 mM phosphoric acid (pH 2.5) (35:65, v/v). The method was linear over the concentration
range of 0.05–5.0 µg/mL and 0.1–10.0 µg/mL for plasma and urine, respectively (Sagirli et al.,
2006).
In addition, two isocratic RP- HPLC- UV methods for the determination of GBP and its major
degradation impurity, 3,3-pentamethylene-4-butyrolactam, in tablets and capsules were
published in which separation was achieved on Cyano column (Ciavarella et al., 2007; Gupta et
al., 2008). A mobile phase of acetonitrile-10 mM potassium phosphate buffer (pH 6.2) (8:92,
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v/v) was used at a flow rate of 1 mL/min with UV detection at 210 nm (Ciavarella et al., 2007).
However, a mixture of methanol-acetonitrile-20 mM KH2PO4 (pH 2.2) (5:5:90, v/v/v) was used
as a mobile phase at a flow rate of 1.25 mL/min with detection at 210 nm (Gupta et al., 2008).
Another isocratic HPLC-UV procedure for GBP assay as bulk and pharmaceutical dosage forms
was developed by Rao et al. (2009) in which GBP was separated from its degradation products
and excipients on strong cation exchange column bonded with phenyl sulphonic acid. A linear
response was observed in the range of 2.5-7.5 mg/mL using a mobile phase of NH4H2PO4 buffer
and methanol (60:40, v/v) with UV detection at 200 nm (Rao et al., 2009).
Various derivatizing reagents, such as OPA, fluorescamine, 4-chloro-7-nitrobenzofurazan and 4fluoro-7-nitrobenzofurazan, were used in HPLC methods with fluorometric-detection for GBP
determination. For example, two HPLC procedures for GBP determination based on pre-column
fluorescence derivatization with 4-fluoro-7-nitrobenzofurazan were developed (Ulu and Kel,
2011; Yagi et al., 2012). Ulu and Kel (2011) applied their method for GBP pharmaceutical
preparations with linearity range of 5–50 ng/mL using C18 column (250 × 4.6 mm) with a
mobile phase of methanol–water (80:20, v/v) at 1.2 mL/min flow rate and the fluorometric
detector was operated at 458 nm (excitation) and 521 nm (emission). The other method was
applied for GBP determination in human plasma and urine using ODS column (100 x 4.6 mm,
2.3 µm) with linearity ranges of 0.05–10 and 10–1000 µg/mL, respectively (Yagi et al., 2012).
RP-HPLC methods with derivatization and fluorometric detection were most commonly used for
GBP quantification in blood or serum. For example, two HPLC methods were developed for
GBP determination in human serum using C18 (150 × 4.6 mm) column with a mobile phase of
methanol and sodium phosphate buffer (Bahrami and Kiani, 2006; Bahrami and Mohammadi,
2006). GBP was extracted from serum using a mixture of dichloromethane–2 propanol (1:1, v/v),
then subjected to derivatization with 9-fluorenylmethyl chloroformate in the presence of
phosphate buffer (pH 7) and a linear response was observed in the concentration range of 0.03–
20 µg/mL (Bahrami and Kiani, 2006). In contrast, protein precipitation of serum by acetonitrile
followed by fluorescent derivatization of GBP with 4-chloro-7-nitrobenzofurazan was involved
by Bahrami and Mohammadi (2006) using excitation and emission wavelengths of 470 and 537
nm, respectively with a linear range of 0.002–15 µg /mL (Bahrami and Mohammadi, 2006).
Furthermore, another method was described for GBP determination in serum which involved
protein precipitation with methanol followed by a robotized derivatization with OPA reagent and
automated HPLC. The separation was achieved on a RP column (100 x 4.6 mm, 5µm) using a
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mobile phase of 0.02 M phosphate buffer (pH 4.5)-acetonitrile (50:50, v/v) with excitation and
emission wavelengths of 230 and 420 nm, respectively. A linear response was observed in the
concentration range of 0.1-10.0 µg/mL (Tang et al., 1999).
Validated liquid chromatographic methods coupled to mass spectrometric detection (LC–MS)
were described for both clinical and experimental monitoring of GBP in human and animals
(Carlsson and Reubsaet, 2004; Li et al., 2006; Matar and Abdel-Hamid, 2005; Ojha et al., 2007;
Park et al., 2007; Ramakrishna et al., 2006). For example, a LC–MS method was developed and
validated for the quantification of GBP in human plasma in which a protein precipitation by
acetonitrile followed by an isocratic elution with 10 mM ammonium formate buffer/acetonitrile
(20/80, v/v, pH 3.0) on C18 column was involved. The assay exhibited a linear range of 40–
10,000 ng/mL for GBP and the LOD and LOQ were 10 and 40 ng/mL, respectively
(Ramakrishna et al., 2006).
Methods for the determination of of vigabatrin and GBP were also published. A HPLC method
was described which involved derivatization of the primary amine group of both drugs with
dansyl chloride. An isocratic separation was achieved on column C18 (300 x 3.9 mm, 10 µm)
using a mobile phase of 50 mM NaH2PO4 in 40% acetonitrile at 50°C with fluorometric detection
and a LOD of 0.3 µg/mL was obtained (Krivanek et al., 2003). Another RP- HPLC method was
developed in which pre-column derivatization with fluorescamine of both drugs and separating
on a 5 µm CN column with fluorescence detection were performed. Acetonitrile tetrabutylammonium hydroxide (20: 80) was used as a mobile phase and a linear response was
generated over a concentration range of 0.2– 1.0 mg/mL for GBP (Al-Majeda, 2005).
In addition, a validated GC-MS method was developed in which vigabatrin and GBP were
derivatized by methylation and analyzed on a polydimethylsiloxane column using splitless
injection. The linearity range was 5 - 30 μg/mL and LOQ was 2 μg/mL for GBP (Borrey et al.,
2005).
Three-phase hollow fiber microextraction technique combined with HPLC-UV was applied for
the extraction and determination of GBP in biological fluids in which GBP was derivatized with
1-fluoro-2,4-dinitrobenzene in borate buffer (pH 8.2) before extraction. The linear response was
within the range of 0.6-5000 µg/L (Ebrahimzadeh et al., 2010).
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2.2.4.4 Other methods
CE methods were reported for GBP determination in bulk drug and in pharmaceutical dosage
forms. For example, derivatization of GBP and vigabatrin with chromophoric ofloxacin acyl
chloride was performed and the resulting derivatives were analyzed by CE with UV detection at
300 nm. The LOD for GBP in this method was 5 µM (Lin et al., 2004). Another indirect CE
procedure was developed for GBP determination in bulk drug and capsules using
sulphosalicylate ion as a chromophore with UV detection at 215 nm. A linear response was
obtained over a concentration range 20−200µg/mL of GBP (Sekar and Azhaguvel, 2004).
Furthermore, CE methods with laser-induced fluorescence detection (LIFD) were published for
GBP analysis in human plasma. For example, Cao et al. (2012) developed two methods with and
without SPE which based on the derivatization of GBP with 5-(4,6-dichlorotriazinyl) amino
fluoresencin and the linearity ranges were 0.2–10 nM and 5–200 nM with LOD of 0.02 nM and
0.5 nM, respectively (Cao et al., 2012).
Another CE- LIFD method for GBP analysis in human plasma was developed in which
precolumn derivatization of GBP with 6-carboxyfluorescein succinimidyl ester was used and a
linear range of 0.3-150 µM and a LOD of 60 nM were shown (Chang and Wang, 2004).
A validated sequential injection assay for GBP and pregabalin determination was described that
based on fluorescent derivatization of the analytes with OPA in presence of N-acetylcysteine as a
nucleophilic reagent in alkaline medium under flow conditions. The LOD and LOQ for GBP
were 160 µg/L, 480 µg/L, respectively (Themelis et al., 2010).
2.3 Gentamicin
2.3.1 Physicochemical properties
GEN is a mixture of the sulfates of antimicrobial substances produced by Micromonospora
purpurea and belongs to the aminocyclitol glycosides which are organic compounds containing
an aminocyclitol moiety glycosidially linked to a carbohydrate moiety (figure 2.2) (Martindale
36, 2009a). Its main components being GEN C1, C1a, C2, C2a, and C2b. It contains 25 to 45%
of GEN C1, 10 to 30% of GEN C1a, the sum of GENs C2, C2a, and C2b is 35 to 55%. The
potency is not less than 590 units/mg, calculated with reference to the anhydrous substance (BP,
2015b).
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GEN is a white or almost white hygroscopic powder. It is freely soluble in water; insoluble in
alcohol, in acetone, in chloroform, in ether, and in benzene. pH of a 4% solution in water is
between 3.5 and 5.5. GEN should be stored in airtight containers (USP 32, 2009b).

Figure 2.2: Chemical structure of gentamicin

GEN sulfate was subject to decomposition under accelerated degradation conditions. When GEN
was subjected to basic medium (0.1M NaOH), it degraded to a very larger extend. It also
degraded in the presence of acidic medium (0.1 M HCL). When GEN also was exposed to UV
light of 243nm for 30 min, decreased availability was observed and in case of heating it shown
extremely decreased availability (Naveed et al.,2014).
2.3.2 Pharmacological action
GEN is a potent broad-spectrum aminoglycoside antibiotic against many aerobic gram-negative
bacteria including, Pseudomonas, Proteus, Serratia and some aerobic gram-positive bacteria
including, Staphylococcus. It is inactive against fungi, viruses, and anaerobic bacteria (Belknap,
2004). GEN is bactericidal in action. It acts to inhibit protein synthesis (genetic translation) by
irreversibly binding to the bacterial 30S ribosomal subunit, causing misreading of t-RNA,
leaving the bacterium unable to synthesize proteins vital to its growth (MacDougall and
Chambers, 2011).
GEN is indicated in the treatment of susceptible bacterial infections such as otitis & ocular
infections, bone infections, respiratory tract infections, skin and soft tissue infections, as well as
abdominal and urinary tract infections and septicemia. It is also used in treatment of meningitis
and infective endocarditis (Tripathi, 2001).
The aminoglycosides can produce irreversible cumulative ototoxicity, reversible nephrotoxicity
and electrolyte disturbances. Infrequent effects reported for GEN include blood dyscrasias,
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purpura, nausea and vomiting, stomatitis, and signs of liver dysfunction. Neurotoxicity has
occurred with peripheral neuropathies and central symptoms being reported including
encephalopathy, confusion, lethargy, hallucinations, convulsions, and mental depression
(Martindale 36, 2009a).
2.3.3 Pharmacokinitics
GEN is poorly absorbed from the gastrointestinal tract but are rapidly absorbed after
intramuscular injection giving peak plasma concentrations after 30 min-1 hr. Effective plasma
concentration is 4 - 8µg/mL. Binding of GEN to plasma proteins is usually low. The volume of
distribution of GEN per kg bodyweight is affected and decreases with increasing age from 0.5 to
0.7 L/kg for a premature newborn to 0.25 L/kg for an adolescent. On parenteral use, GEN
diffuses mainly into extracellular fluids. There is little diffusion into the cerebrospinal fluid and
even when the meninges are inflamed effective concentrations may not be achieved; diffusion
into the eye is also poor. Pharmaceutical preparations of gentamicin are cream, ointment, ear and
eye drops (3 mg/mL) and injection (20 mg/mL, 40 mg/mL) (Martindale 36, 2009a).
GEN is not metabolized in the body. It is excreted unchanged in the urine by glomerular
filtration. The plasma elimination half-life for GEN has been reported to be 2 to 3 hours. It may
be considerably longer in neonates and patients with renal impairment (Finkel et al., 2009).
2.3.4 Methods of analysis
2.3.4.1 Official methods
The official Methods for the identification and quantitation analysis of GEN are prescribed in BP
and USP. The prescribed method by EP to determine the composition and related substances of
GEN is LC but combined with detection technique either pulsed amperometric detector or
equivalent. The method is performed using ODS column (size: 250 x 4.6 mm, 5 µm),
temperature 35°C, mobile phase: {(900mL of water, 7.0 mL of trifluoroacetic acid, 250.0 µL of
pentafluoropropanoic acid and 4.0 mL of NaOH solution, pH 2.6), 15 mL of acetonitrile and
dilute to 1000.0 mL with water} and flow rate 1 mL/min (BP, 2015b).
Indirect HPLC method is stated in USP for analysis of GEN content after derivatization with
OPA solution at 60°C for 15 mins. Separation is achieved on ODS column (size: 100 x 5 mm,5
µm) using a mixture of {(700 mL of methanol, 250 mL of water and 50 mL of glacial acetic
acid) containing 5 gm of sodium 1-heptanesulfonate} as a mobile phase at flow rate 1.5 mL/min
with detection at 330nm (USP 32, 2009b).
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2.3.4.2 Spectroscopic methods
Few spectroscopic methods were published for the assay of GEN either with UV detection or
fluorometric detection because the analytical technique mostly used for its determination was
HPLC. All reviewed spectroscopic methods required derivatization of GEN. For example, Frutos
et al. (2000) developed a colorimetric procedure for the quantification of GEN which was based
on ninhydrin reaction with primary and secondary amines present in GEN to produce a mixture
of purple color which its absorption at 400 nm had a linear relationship with GEN concentration
30 - 120 µg/mL (Frutos et al., 2000).
Another two validated methods were developed for the determination of amikacin sulfate, GEN
sulfate, kanamycin sulfate, streptomycin sulfate, neomycin sulfate and tobramycin in pure forms
and in their pharmaceutical formulations which were based on the proton transfer from the Lewis
acid (picric acid or 2,4-dinitrophenol) to the primary amino group of aminoglycosides as Lewis
base with formation of yellow ion-pair complexes. The linearity ranges were 10-100 μg/mL and
5-80 μg/mL for GEN with 2,4-dinitrophenol and picric acid, respectively (Omar et al., 2013b).
Furthermore, a derivative spectrophotometric method was developed for GEN analysis beside
methyl and propyl hydroxy benzoates in injection solutions after modification of GEN using
OPA. The obtained spectrum of product was converted into a third-derivative spectrum and the
measurement was made at wavelength 281 nm, where a linear relationship between thirdderivative and GEN concentration from 0.004% to 0.008% was achieved. LOD and LOQ were
1.66 x 10−4% and 5.04 x10−4%, respectively (Krzek et al., 2009).
Four procedures were developed for the estimation of GEN sulphate and vancomycin
hydrochloride which were based on the oxidation of the drugs by a known excess of potassium
permanganate in sulphuric acid medium. and subsequent determination of unreacted oxidant by
reacting it with amaranth dye (method A), acid orange II (method B), indigocarmine (method C)
and methylene blue (method D), in the same acid medium at a suitable λmax 521, 485, 610 and
664 nm, respectively. The reacted oxidant corresponds to the drug content. Beer-Lambert plots
showed correlations in the concentration ranges 4-8, 3-8, 4-9 and 5-9 μg/mL with GEN for
methods A, B, C, and D, respectively (El-Didamony et al., 2006).
Another procedure was described for quantitative assay of GEN sulfate which was based on
formation of an ionic associate with bromothymol blue followed by chloroform extraction and
photometric determination at 420-422 nm. The process was linear for GEN sulfate in the
concentration range 8-128 µg/mL (Mukhamedzianov and Likhoded, 1991).
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A spectrofluorimetric method was developed by Omar et al. (2013a) for determination of
amikacin sulfate, tobramycin, neomycin sulfate, GEN sulfate, kanamycin sulfate and
streptomycin sulfate which was based on the formation of charge transfer complexes between the
drugs and safranin in buffer solution of pH 8 and their extraction with chloroform. These
complexes showed excitation maxima at 519-524 nm and emission maxima at 545-570 nm. The
linearity range of 4-50 pg/mL for GEN allowed its determination in spiked and real human
plasma (Omar et al., 2013a).
2.3.4.3 Chromatographic methods
Several direct and indirect HPLC methods were described for GEN determination in biological
matrices and pharmaceutical preparations. The methods with UV or fluorescence detection
mostly required derivatization (indirect methods). For example, the analysis of GEN sulphate by
ion-paired HPLC-UV methods using pre-column derivatization with OPA were described (Claes
et al., 1984; Freemana et al., 1979). Separation of the derivatives of the major components of
GEN with an OPA/ thioglycollic acid reagent was done on ODS column (Freemana et al., 1979).
In contrast, Claes et al. (1984) used C18 column with UV detection at 350 nm for the
determination of derivatives of GEN components with an OPA/ mercaptoacetic acid reagent.
Furthermore, a RP-HPLC method with fluorescent detection was presented for GEN
determination in pharmaceutical preparations which based on reaction with an OPA/ Nacetylcysteine reagent in a basic medium for the formation of fluorescent isoindole derivatives.
The method was linear over the range 0.4-12.8 μg/mL (Kowalczuk et al., 2010).
However, few direct HPLC-UV methods were published for GEN determination. For example,
Laki et al. (2011) developed an isocratic HPLC-UV method for quantitative analysis of GEN
carrier samples drawn in drug release studies. A mobile phase consisted of methanol–water–
ammonium acetate buffer (0.02M, pH 9): 35:60:5 (v/v/v) with a flow rate of 0.3 mL/min and a
RP- C18 (2.1 × 150 mm, 5 µm) column with setting its temperature at 30°C and detection at 280
nm were used throughout the procedure. The linearity range was 1–100 µg/mL (Laki et al.,
2011).
Another isocratic HPLC-UV procedure was described for the dual detection of L-leucine and
GEN sulfate from a dry powder inhalation formulation. Separation of L-leucine from all GEN
sulfate peaks was achieved using C18 (4.6 × 150 mm, 5 µm) column with matching C18 guard
column (4 ×3 mm) and setting temperature at 20°C with detection at 330 nm. A flow rate of 2.0
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mL/min with a mobile phase (5.0 g sodium 1-heptanesulfonate monohydrate in 250 mL water,
50 mL glacial acetic acid and 650 mL methanol) were used (Kuehl et al., 2012).
Reviewed direct HPLC methods for GEN determination mostly required a wide variety of
specific detection techniques to be included such as ELSD, CAD, and PED which avoid the need
for GEN derivatization. For example, a RP-HPLC method was developed to determine the
composition of GEN sulfate and to estimate its related substances in a pharmaceutical cream
using a CAD which enables to obtain high intended sensitivity (without any pre- or post-column
derivatization). A pentafluorophenyl column (50 × 4.6mm; 3µm) at 35°C with an ion-pair
gradient mobile phase was used (Joseph and Rustum, 2010).
Another isocratic HPLC-CAD procedure for determination of GEN sulphate composition and its
related substances in pharmaceutical preparations was applied without sample derivatization.
The resolution was obtained with a C18 column (150 × 4.6 mm; 3 μm) at 25°C and a mobile
phase consisting of 55 mM trifluoroacetic acid: methanol: acetonitrile (98:1:1, v/v/v) at a flow
rate 0.5 mL/ min (Stypulkowska et al., 2010).
Furthermore, a validated HPLC procedure coupled with ELSD was described to allow the
separation and quantitation of different components of GEN sulfate in commercial samples
without sample derivatization. Separation was performed on a RP- C18 (125 x 4mm; 3 µm)
column and 48.5 mM trifluoroacetic acid-methanol (97:3, v/v) as a mobile phase at a flow rate of
0.7 mL/min (Clarot et al., 2004).
The official method for the determination of GEN composition and its related substances
prescribed by BP is LC combined with PED. This method possesses problems with
reproducibility, separation and robustness. Few changes for separation parameters of it was done
and investigated by Manyanga et al. (2008). The most preferment method was evaluated and
validated using a RP- C18 column (250 × 4.6 mm, 110 A, 5 ˚ m) kept at 35°C with a mobile
phase containing volatile ion pairing agents: trifluoroacetic acetic acid and pentafluoropropionic
acid (Manyanga et al., 2008).
Another two separate HPLC-PED methods were developed to control GEN sulphate and its
preservatives methylparaben and propylparaben in an injectable formulation for veterinary
purposes. The method allowed separation between the main GEN components and their
impurities without interference from additives (Chopra et al., 2013).
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A validated pre-column derivatization HPLC assay was developed for aminoglycoside
antibiotics determination which based on the reaction of phenylisocyanate in the presence of
triethylamine with amino groups of aminoglycosides and the molecular mass was confirmed by
liquid chromatography – electrospray ionization – mass spectrometry (LC-ESI-MS) (Kim et al.,
2003).
2.3.4.4 Other methods
A CE method under reversed polarity was developed to achieve separation of GEN components
with UV detection at 195 nm without any derivatization but its application is limited to GEN
concentration range of 2–6 mg/mL (Curiel et al., 2007).
The reagents mostly used for GEN derivatization in CE methods with UV-detection include 1,2phthalic dicarboxaldehyde and mercaptoacetic acid. For example, determination and separation
of the multicomponent GEN and several minor components using a CE method with precapillary derivatization with the above-mentioned reagents was achieved by Kaale et al. (2000)
and the thioisoindole derivatives were UV detected at 330 nm.
A system for integration of a one-step-microscale chemical derivatization and electrophoretically
mediated microanalysis was applied to derivatize and separate GEN components using 1,2phthalic dicarboxaldehyde and mercaptoacetic acid as labeling reagents (Kaale et al., 2001).
A flow procedure of multicommutation with chemiluminometric detection was developed to
quantify GEN sulphate in pharmaceutical formulations. It was based on GEN ability to inhibit
the chemiluminometric reaction between luminol and hypochlorite in alkaline medium, causing a
decrease in the analytical signal. The inhibition of the analytical signal was proportional to the
concentration of GEN sulphate, within a linear range of 1 to 4 μg/mL (Santos et al., 2010).
2.4 Derivatization with salicylaldehyde
2.4.1 General description
SA, (2-hydroxybenzaldehyde), is an organic compound with the molecular formula C7H6O2
(figure 2.3). SA is a clear colorless to yellow oily liquid with a bitter almond odor. Its density is
1.146 g/mL at 25 °C. It sinks and mixes slowly in water (slightly soluble). It is soluble in alcohol
and ether. SA is air and light sensitive. It is incompatible with strong bases, strong reducing
agents, strong acids and strong oxidizing agents It is a key precursor to variety chelating agents,
some of which are commercially important (Merck Index 14th, 2006).
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Figure 2.3: Chemical structure of salicylaldehyde

2.4.2 Reactivity Profile
SA, as one of the aldehydes, is frequently involved in self-condensation or polymerization
reactions. These reactions are exothermic and they are often catalyzed by acid. Aldehydes are
readily oxidized to give carboxylic acids. The reaction of aldehydes or ketones with ammonia or
1º-amines forms imine derivatives, also known as Schiff bases (compounds having a C=N
function). Water is eliminated in the reaction, which is acid-catalyzed and reversible in the same
sense as acetal formation (figure 2.4). The pH for imine-producing reactions must be carefully
controlled. The rate at which these compounds are formed, is generally greatest near a pH of 5,
and drops at higher and lower pH's (Sorrell, 2006).

Figure 2.4: Schematic Representation of reaction of GBP with SA

23

SA is frequently involved in derivatization reactions of some primary amine-containing drugs,
such as furosemide, pregabalin and tranexamic acid, to forms imine derivatives with a
bathochromic shift to visible region that increase the sensitivity and selectivity of their
determination with spectrophotometric methods (Hammad and Abdallah, 2012; Hassouna et al.,
2015; Khuhawar et al., 2006; Mohamed et al., 2015).
2.5 Method validation
The analytical procedure refers to the way of performing the analysis. It should describe in detail
the steps necessary to perform each analytical test. This may include but is not limited to: the
sample, the reference standard and the reagents preparations, use of the apparatus, generation of
the calibration curve, use of the formulae for the calculation, etc. Method validation of the
analytical procedure is to demonstrate that it is suitable for its intended purpose. According to
the ICH guidelines the validation is directed to the four most common types of analytical
procedures: (i)Identification tests; (ii) Quantitative tests for impurities' content; (iii) Limit tests
for the control of impurities; (iv) Quantitative tests of the active moiety in samples of drug
substance or drug product or another selected component(s) in the drug product (ICH, 2005). So,
the objective of the analytical procedure should be clearly understood since this will govern the
validation characteristics which need to be evaluated. Typical validation characteristics which
should be considered are mentioned below according to the ICH guidelines:
2.5.1. Specificity
Specificity of analytical procedure is the ability to assess unequivocally the analyte in the
presence of components which may be expected to be present. These might include impurities,
degradants, matrix, etc. Lack of specificity of an individual analytical procedure may be
compensated by other supporting analytical procedure(s).
2.5.2. Accuracy
Accuracy of analytical procedure expresses the closeness of agreement between the value which
is accepted either as a conventional true value or an accepted reference value and the value
found.
2.5.3. Precision
Precision of analytical procedure expresses the closeness of agreement (degree of scatter)
between a series of measurements obtained from multiple sampling of the same homogeneous
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sample under the prescribed conditions. The precision of an analytical procedure is usually
expressed as the variance, standard deviation or coefficient of variation of a series of
measurements. Precision may be considered at three levels: repeatability, intermediate precision
and reproducibility.
2.5.3.1. Repeatability
It expresses the precision under the same operating conditions over a short interval of time.
Repeatability is also termed intra-assay precision.

2.5.3.2. Intermediate precision
It expresses within-laboratories variations: different days, different analysts, different equipment,
etc.

2.5.3.3. Reproducibility
It expresses the precision between laboratories. It should be considered in case of the
standardization of an analytical procedure, for instance, for inclusion of procedures in
pharmacopoeias. These data are not part of the marketing authorization dossier.
2.5.4. LOD
The limit of detection of an individual analytical procedure is the lowest amount of analyte in a
sample which can be detected but not necessarily quantitated as an exact value.
2.5.5. LOQ
The limit of quantitation of an individual analytical procedure is the lowest amount of analyte in
a sample which can be quantitatively determined with suitable precision and accuracy. The
quantitation limit is a parameter of quantitative assays for low levels of compounds in sample
matrices, and is used particularly for the determination of impurities and/or degradation
products.
2.5.6. Linearity
Linearity of analytical procedure is its ability (within a given range) to obtain test results which
are directly proportional to the concentration (amount) of analyte in the sample. Linearity should
be evaluated by visual inspection of a plot of signals as a function of analyte concentration or
content. If there is a linear relationship, test results should be evaluated by appropriate statistical
methods, for example, by calculation of a regression line by the method of least squares. Data
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from the regression line itself may be helpful to provide mathematical estimates of the degree of
linearity. The correlation coefficient, y-intercept, slope of the regression line and residual sum of
squares should be submitted. For the establishment of linearity, a minimum of 5 concentrations
is recommended.
2.5.7. Range
Range of analytical procedure is the interval between the upper and lower concentration
(amounts) of analyte in the sample (including these concentrations) for which it has been
demonstrated that the analytical procedure has a suitable level of precision, accuracy and
linearity.
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CHAPTER (3)
Methodology
3.1 Study design
This study is analytical experimental study. Both GBP and GEN were subjected to quantitative
analysis using spectrophotometric determination after derivatization with SA.
3.2 Limitation of the study
Time limitation, lack of fund and the high cost of materials and equipment's, as well as the
limited resources such as books and journals were obstacles in the study. Israeli siege on Gaza
Strip also leads to delay or unavailability of chemicals.
3.3 Ethical consideration
This study does not deal with human, so ethical consideration is not required. Name of
companies will not be published.
3.4 Instruments and equipment:


Double beam scanning UV-Vis Spectrophotometer (Shimadzu 1601, Kyoto, Japan) with 1 cm
matched quartz cell connected to a computer with UV-Probe software.



Electronic analytical balance (JA-500, NAPOO, Japan).



Thermo regulation water bath (SB-24, Tokyo Aikakikai, Japan).



pH meter.



Quartz cuvette, beakers, graduated pipettes and volumetric flasks of different sizes (10, 25,
50,100 and 500 mL) were purchased from local companies.

3.5 Materials:
3.5.1 Standards
GBP standard was kindly donated by Bet Jalla company (Ramallah, Palestine).
GEN sulphate standard was donated by Middle East Pharmaceutical & Cosmetics (Megapharm)
company limited (Gaza, Palestine).
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3.5.2 Samples
Commercially available pharmaceutical dosage forms, gabapentin capsules (300 mg/capsule),
gentamicin ampoules (40 mg/mL) and gentamicin eye drops (3 mg/mL), were purchased from
the local market.
3.5.3 Chemicals and solvents
All chemicals and solvents were of analytical grade.
Distilled water was used throughout all measurements and it was prepared in laboratories of
pharmacy in Al-Azhar university. Methanol was purchased from Merk (Germany).
Salicylaldehyde, glacial acetic acid and sodium acetate supplied by (Sigma-Aldrich, Germany).
Pharmaceutical grade excipients: starch, lactose monohydrate, magnesium stearate, talc, methyl
paraben and propyl paraben) were kindly supplied by domestic pharmaceutical companies.
3.5.4 Reagents
3.5.4.1 Salicylaldehyde solution 0.3% (v/v)
0.3 mL of salicylaldehyde reagent was accurately transferred into 100 mL volumetric flask,
mixed thoroughly with warm methanol and completed the volume to 100 mL with methanol. The
solution was freshly prepared daily and protected from light.
3.5.4.2 Sodium acetate solution 0.6% (w/v)
0.6 gm of sodium acetate was accurately weighed and transferred into 100 mL volumetric flask,
dissolved using distilled water and completed the volume to 100 mL with same solvent (pH 7.5).
3.5.4.3 Acetic acid solution 2M
11.6 mL of glacial acetic acid (1.05 g weight/mL, 17.5M in strength and not less than 98.0%
w/w of C2H4O2) was accurately transferred into sufficient distilled water in volumetric flask to
make 100 mL after cooling to room temperature (RT) (USP32, 2009).
3.5.4.4 Acetate buffer solutions
Acetate buffer solutions were prepared as shown in table 3.1 by weighing and transferring
different amounts of sodium acetate into 1000mL volumetric flask, dissolved with distilled
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water, then different volumes of acetic acid solution 2M were added and the volume then
completed with distilled water to 1000 mL (USP32, 2009).
Table 3.1: Preparation of Acetate buffer solutions (1000 mL).

pH
Sodium acetate (gm)
2 M acetic acid (mL)

4
1.5
19.5

4.5
2.99
14

5
5.08
6.3

5.5
5.98
3.0

3.6 Data Analysis
Data was analyzed by using statistical package of social science (SPSS) program version 16 and
Microsoft Excel program to create validation parameters and to compare the developed method
with other published analytical methods.
3.7. Gabapentin derivatization method
3.7.1 Gabapentin stock standard solution
GBP stock solution (2 mg/mL) was freshly prepared. 100 mg of GBP standard was accurately
weighed, transferred into 50 mL volumetric flask and dissolved in distilled water to 50 mL.
3.7.2 Selection of analytical wavelength for chromogen
Two 10 mL volumetric flasks were taken and to each one, 0.1 mL and 0.4 mL of GBP stock
solution (2 mg/mL) were transferred, then 2 mL of SA solution followed by 1 mL of sodium
acetate solution were added. The content of each flask was shaken thoroughly and heated on a
water bath at 45°C for 20 mins. The flasks were left to cool for 10 mins and the volume was
completed up to 10 mL with methanol to have 20 and 80 µg/mL GBP, respectively. The
absorption spectra and absorption maxima of the resulting solutions (chromogen) were
determined against a blank prepared in the same manner without the examined drug.
3.7.3 Optimization of reaction conditions
3.7.3.1 Effect of temperature
The effect of temperature on the reaction was studied by carrying out the reaction at different
temperatures: RT, 35°C, 40°C, 45°C, 50°C, 55°C, 60°C and 70°C. 0.4 mL of GBP stock solution
(2 mg/mL) was transferred into 10 mL volumetric flasks followed by 2 mL of SA solution and 1
mL of sodium acetate solution. The content of each flask was shaken thoroughly and heated on a
water bath at different temperatures: 35°C - 70°C for 20 mins except one flask was allowed to
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stand at RT. The flasks were left to cool for 10 mins and the volume was completed with
methanol. The absorbance of the resulting solution were measured at 403 nm against a blank for
each tested temperature.
3.7.3.2 Effect of solvent
0.4 mL of GBP stock solution (2 mg/mL) was transferred into two 10 mL volumetric flasks to
have a final concentration of 80 µg/mL. To each flask, 2 mL of SA solution followed by 1 mL of
sodium acetate solution were added. The content of each flask was shaken thoroughly and heated
on a water bath at 45ºC for 20 mins. The flasks were left to cool for 10 mins then the volume of
the first flask was completed with methanol while the other completed with distilled water. The
absorbance of the resulting solutions were measured at 403 nm against a blank for each solvent.
3.7.3.3 Effect of volume of SA 0.3% (v/v) solution
The effect of concentration of SA solution was studied by measuring the absorbance of GBP
derivative with different added volumes: 1.0, 1.5, 2.0 and 2.5 mL of SA 0.3% (v/v) solution.
Each of these volumes was added to 0.4 mL of GBP stock solution (2 mg/mL) in 10 mL
volumetric flasks and followed by 1 mL of sodium acetate solution. The content of each flask
was shaken thoroughly and heated on a water bath at 45ºC for 20 mins. The flasks were left to
cool for 10 mins and the volume was completed with methanol. The absorbance of the resulting
solutions were measured at 403 nm against a blank for each tested volume.
3.7.3.4 Effect of volume of sodium acetate 0.6% (w/v) solution
The effect of concentration of sodium acetate solution was studied by measuring the absorbance
of GBP derivative with different added volumes: 0.5, 1.0, 1.5 and 2.0 mL of sodium acetate
solution 0.6% (w/v). 0.4 mL of GBP stock solution (2 mg/mL) was transferred into 10 mL
volumetric flasks and then 2 mL of SA solution followed by 0.5, 1.0, 1.5 and 2.0 mL of sodium
acetate solution were added. The content of each flask was shaken thoroughly and heated on a
water bath at 45ºC for 20 mins. The flasks were left to cool for 10 mins and the volume was
completed with methanol. The absorbance of the resulting solutions were measured at 403 nm
against a blank for each tested volume.
3.7.3.5 Effect of pH
The effect of pH was studied by measuring the absorbance of GBP derivative at different pH
values: 4, 4.5, 5, 5.5 and 7.5. 0.4 mL of GBP stock solution (2 mg/mL) was transferred into 10
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mL volumetric flasks and then 2 mL of SA solution followed by 1 mL of acetate buffer solution
of different pH (4, 4.5, 5, 5.5) were added except one flask to which 1 mL of sodium acetate
0.6% (w/v) solution (pH 7.5) was added. The content of each flask was shaken thoroughly and
heated on a water bath at 45ºC for 20 mins. The flasks were left to cool for 10 mins and the
volume was completed with methanol. The absorbance of the resulting solutions were measured
at 403 nm against a blank for each tested pH.
3.7.3.6 Effect of reaction time
The effect of reaction time was studied by carrying out the reaction for different time periods: 5,
10, 15, 20, 25 and 30 mins. 0.4 mL of GBP stock solution (2 mg/mL) was transferred into 10 mL
volumetric flasks and then 2 mL of SA solution followed by 1 mL of sodium acetate solution.
The content of each flask was shaken thoroughly and heated on a water bath at 45ºC for each
tested time period. The flasks were left to cool for 10 mins and the volume was completed with
methanol. The absorbance of the resulting solutions were measured at 403 nm against a blank for
each tested time period.
3.7.3.7 Effect of order of addition
The effect of order of reagent addition was studied by carrying out the reaction in different
orders as described in the table 3.2. 0.4 mL of GBP stock solution (2 mg/mL), 2 mL of SA
solution and 1 mL of sodium acetate solution were transferred in different orders into 10 mL
volumetric flasks. The content of each flask was shaken thoroughly and heated on a water bath at
45ºC for 20 mins. The flasks were left to cool for 10 mins and the volume was completed with
methanol. The absorbance of the resulting solutions were measured at 403 nm against a blank for
each tested order.
Table 3.2: Order of reagents addition for GBP analysis.

No. of order
1
2
3
4

First
GBP
GBP
SA
Sodium acetate

Second
SA
Sodium acetate
Sodium acetate
SA

Third
Sodium acetate
SA
GBP
GBP

3.7.4 General procedure for gabapentin determination
Into 10 mL volumetric flask, 0.4 mL of GBP stock solution (2 mg/mL) was transferred and then
2 mL of SA 0.3% (v/v) solution followed by 1 mL of sodium acetate 0.6% (w/v) solution were
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added. The content of the flask was shaken thoroughly and heated on a water bath at 45°C for 20
mins. The flask left to cool for 10 mins and the volume was completed with methanol. The
absorbance of the resulting solution was measured at 403 nm against a blank prepared in the
same manner without the examined drug.
3.7.5 Stability of chromogen
The procedure was followed as described under section 3.7.4 for GBP determination (final
concentration= 80 µg/mL). The effect of time on the stability of chromogen was studied by
following the absorption of the resulting GBP derivative at different time intervals up to 1 hr at
403 nm after completion of the flask's volume with methanol against the blank.
3.7.6 Construction of calibration curve for gabapentin
Accurately measured aliquots of GBP stock solution in the range of (60 - 1000 µg) of drug were
transferred into separate 10 mL volumetric flasks and then 2 mL of SA solution followed by 1
mL of sodium acetate solution were added to each flask. The content of each flask was shaken
thoroughly and heated at 45ºC for 20 mins in a water bath. The flasks were diluted to 10 mL with
methanol and left to cool for 10 mins. The absorbance of the resulting solution was measured at
403 nm against the blank. Five measurements were done for each concentration. The
concentration (6 - 100 µg/mL) of GBP was plotted against absorbance (mean value) and least
square regression analysis was performed on the obtained data. Correlation coefficient (R), slope
and intercept were calculated from the graph.
3.7.7 Validation of gabapentin method
Analytical method validation was performed according to the ICH guidelines (ICH, 2005) with
respect to accuracy, precision, specificity, linearity, LOD and LOQ.
3.7.7.1 Linearity
The linearity of the proposed method was determined by measuring the absorbance of six
concentrations (6, 10, 20, 40, 80 and 100 µg/mL of GBP) covering the range (6 – 100 µg/mL).
The procedure was followed as described under section 3.7.4 for GBP determination. The
absorbance was plotted against concentration. The regression line and correlation coefficient
were evaluated as well as validity of regression line was verified by statistical analysis.
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3.7.7.2 Range
The specified range is normally derived from linearity studies and it is the interval between the
upper and lower concentration of GBP.
3.7.7.3 Specificity
The specificity of the method was investigated. To fulfill this purpose, a mixture of starch,
lactose, magnesium stearate, talc and GBP was prepared. Then, a quantity of the prepared
mixture containing 100 mg GBP was dissolved in 50 mL distilled water with good shaking,
filtered and the volume was completed to 100 mL with distilled water. 0.9 mL and 0.6 mL of the
resulting solution was transferred into 10 mL volumetric flask and then procedure was followed
as described under section 3.7.4 for GBP determination. The absorbance of the resulting solution
was measured at 403 nm against the blank.
3.7.7.4 Accuracy
Accuracy of the method was ascertained by performing recovery studies using standard addition
method. Three concentrations were measured and each of them was repeated three times to
calculate accuracy. To a pre-analyzed sample, standard drug aliquots were added at three
different levels 20 µg/mL, 40 µg/mL and 60 µg/mL to baseline amount of capsule powder
equivalent to 20 µg/mL of GBP. These mixtures were transferred into separate 10 mL volumetric
flasks then the procedure was followed as described under section 3.7.4 for GBP determination.
The absorbance of the resulting solution was measured at 403 nm.
The amount of total drug was calculated and the amount of standard drug aliquots recovered was
calculated using following formula, Percent recovery = (T-A/S)*100, where, T is the total
amount of drug estimated, A is the amount contributed by capsule powder and S the amount of
pure drug added. The calibration curve was used in the estimation of spiked sample.
3.7.7.5 Precision
3.7.7.5.1 Repeatability
Repeatability was assessed by triplicate analysis of three different concentrations (20, 80 and 100
µg/mL) of the drug. The relative standard deviation (RSD) was calculated for each
concentration.
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3.7.7.5.2 Intermediate precision
The effect of random events on the precision of the analytical method was studied by repeating
the procedure in different days for three different concentrations (40, 80 and 100 µg/mL) of the
drug. RSD was calculated for each concentration.
3.7.7.6 LOD
The limit of detection is expressed using the following formula (ICH, 2005);
LOD= 3.3 σ/S
σ: residual standard deviation of the regression line.
S: slope of the regression line.
3.7.7.7 LOQ
The limit of quantitation is calculated from the following formula (ICH, 2005);
LOQ= 10 σ/S
σ: residual standard deviation of the regression line.
S: slope of the regression line.
3.7.8 Application to gabapentin pharmaceutical dosage form (capsules)
Twenty capsules were emptied, weighed and mixed thoroughly. An accurately weighed portion
of the resulting powder equivalent to 100 mg GBP was taken, dissolved in 25mL distilled water
with good shaking for 5-10 mins, then filtered with filter paper to remove insoluble matter. The
filtrate solution was diluted to 50mL with distilled water to prepare 2 mg/mL solution. 0.2 mL
and 0.4 mL of the resulting solution were transferred into two 10 mL volumetric flasks then the
procedure was followed as described under section 3.7.4 for GBP determination. The absorbance
of the resulting solution was measured at 403 nm against the blank. Triplicate measurements
were done for each concentration and the percentage of recovery was calculated from the
calibration graph.
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3.8. Gentamicin derivatization method
3.8.1 Gentamicin stock standard solution
GEN stock solution (3.4 mg/mL) was freshly prepared. 85mg of anhydrous GEN sulphate
standard was accurately weighed, transferred into 25 mL volumetric flask and dissolved in
distilled water to 25 mL.
3.8.2 Selection of analytical wavelength for chromogen
Three 10 mL volumetric flasks were taken and to each one, 0.25 mL and 0.5 mL of GEN stock
solution (3.4 mg/mL) were transferred, then 2 mL of SA solution followed by 1 mL of sodium
acetate solution were added. The content of each flask was shaken thoroughly and heated on a
water bath at 45°C for 15 mins. The flasks were left to cool for 10 mins and the volume was
completed upto 10mL with methanol to have 85 and 170 µg/mL GEN, respectively. The
absorption spectra and absorption maxima of the resulting solutions (chromogen) were
determined against a blank prepared in the same manner without the examined drug.
3.8.3 Optimization of reaction conditions
3.8.3.1 Effect of temperature
The effect of temperature on the reaction was studied by carrying out the reaction at different
temperatures: RT, 35°C, 40°C, 45°C, 50°C, 55°C, 60°C and 70°C.
0.5 mL of GEN stock solution (3.4 mg/mL) was transferred into 10 mL volumetric flasks
followed by 2 mL of SA solution and 1 mL of sodium acetate solution. The content of each flask
was shaken thoroughly and heated on a water bath at different temperatures: 35°C - 70°C for 15
mins except one flask was allowed to stand at RT. The flasks were left to cool for 10 mins and
the volume was completed with methanol. The absorbance of the resulting solutions were
measured at 416 nm against a blank for each tested temperature.
3.8.3.2 Effect of reaction time
The effect of reaction time was studied by carrying out the reaction for different time periods: 5,
10, 15, 20, 25 and 30 mins. 0.5 mL of GEN stock solution (3.4 mg/mL) was transferred into 10
mL volumetric flasks and then 2 mL of SA solution followed by 1 mL of sodium acetate
solution. The content of each flask was shaken thoroughly and heated on a water bath at 45ºC for
each tested time period. The flasks were left to cool for 10 mins and the volume was completed
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with methanol. The absorbance of the resulting solutions were measured at 416 nm against a
blank for each tested time period.
3.8.3.3 Effect of solvent
0.5 mL of GEN stock solution (3.4 mg/mL) was transferred into two 10 mL volumetric flasks to
have a final concentration of 170 µg/mL. To each flask, 2 mL of SA solution followed by 1 mL
of sodium acetate solution were added. The content of each flask was shaken thoroughly and
heated on a water bath at 45ºC for 15 mins. The flasks were left to cool for 10 mins then the
volume of the first flask was completed with methanol while the other completed with distilled
water. The absorbance of the resulting solutions were measured at 416 nm against a blank for
each solvent.
3.8.3.4 Effect of volume of SA 0.3% (v/v) solution
The effect of concentration of SA solution was studied by measuring the absorbance of GEN
with different volumes: 0.5, 1.0, 1.5, 2.0 and 2.5 mL of SA 0.3% (v/v) solution. Each of these
volumes was added to 0.5 mL of GBP stock solution (3.4 mg/mL) in 10 mL volumetric flasks
and followed by 1 mL of sodium acetate solution. The content of each flask was shaken
thoroughly and heated on a water bath at 45ºC for 15 mins. The flasks were left to cool for 10
mins and the volume was completed with methanol. The absorbance of the resulting solutions
were measured at 416 nm against a blank for each tested volume.
3.8.3.5 Effect of volume of sodium acetate 0.6% (w/v) solution
The effect of concentration of sodium acetate solution was studied by measuring the absorbance
of GEN derivative with different added volumes: 0.25, 0.5, 1.0, 1.5 and 2.0 mL of sodium
acetate solution 0.6% (w/v). 0.5 mL of GEN stock solution (3.4 mg/mL) was transferred into 10
mL volumetric flasks and then 2 mL of SA solution followed by 0.25, 0.5, 1.0, 1.5 and 2.0 mL of
sodium acetate solution were added. The content of each flask was shaken thoroughly and heated
on a water bath at 45ºC for 15 mins. The flasks were left to cool for 10 mins and the volume was
completed with methanol. The absorbance of the resulting solutions were measured at 416 nm
against a blank for each tested volume.
3.8.3.6 Effect of pH
The effect of pH was studied by measuring the absorbance of GEN derivative at different pH
values: 4, 4.5, 5, 5.5 and 7.5. 0.5 mL of GBP stock solution (3.4 mg/mL) was transferred into 10
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mL volumetric flasks and then 2 mL of SA solution followed by 1 mL of acetate buffer solution
of different pH (4, 4.5, 5, 5.5) were added except one flask to which 1 mL of sodium acetate
0.6% (w/v) solution (pH 7.5) was added. The content of each flask was shaken thoroughly and
heated on a water bath at 45ºC for 15 mins. The flasks were left to cool for 10 mins and the
volume was completed with methanol. The absorbance of the resulting solutions were measured
at 416 nm against a blank for each tested pH.
3.8.3.7 Effect of order of addition
The effect of order of reagent addition was studied by carrying out the reaction in different
orders as described in the table 3.3. 0.5 mL of GEN stock solution (3.4 mg/mL), 2 mL of SA
solution and 1 mL of acetate buffer solution pH 5.5 were transferred in different orders into 10
mL volumetric flasks. The content of each flask was shaken thoroughly and heated on a water
bath at 45ºC for 15 mins. The flasks were left to cool for 10 mins and the volume was completed
with methanol. The absorbance of the resulting solutions were measured at 416 nm against a
blank for each tested order.
Table 3.3: Order of reagents addition for GEN analysis.

No. of order

First

Second

Third

1
2
3
4

GEN
GEN
SA
Acetate buffer

SA
Acetate buffer
Acetate buffer
SA

Acetate buffer
SA
GEN
GEN

3.8.4 General procedure for GEN determination
Into 10 mL volumetric flask, 0.5 mL of GEN stock solution (3.4 mg/mL) was transferred and
then 2 mL of SA 0.3% (v/v) solution followed by 1 mL of acetate buffer solution pH 5.5 were
added. The content of the flask was shaken thoroughly and heated on a water bath at 45°C for 15
mins. The flask left to cool for 10 mins and the volume was completed with methanol. The
absorbance of the resulting solution was measured at 416 nm against a blank prepared in the
same manner without the examined drug.
3.8.5 Stability of chromogen
The procedure was followed as described under section 3.8.4 for GEN determination (final
concentration= 170 µg/mL). The effect of time on the stability of chromogen was studied by
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following the absorption of the resulting GEN derivative at different time intervals up to 1 hr at
416 nm after completion of the flask's volume with methanol against the blank.
3.8.6 Construction of calibration curve for gentamicin
Accurately measured aliquots of GEN stock solution in the range of (136 - 1700 µg) of drug
were transferred into separate 10 mL volumetric flasks and then 2 mL of SA solution followed
by 1 mL of acetate buffer solution pH 5.5 were added to each flask. The content of each flask
was shaken thoroughly and heated at 45°C for 15 mins in a water bath. The flasks were diluted to
10 mL with methanol and left to cool for 10 mins. The absorbance of the resulting solution was
measured at 416 nm against the blank. Five measurements were done for each concentration.
The concentration (13.6 - 170 µg/mL) of GEN was plotted against absorbance (mean value) and
least square regression analysis was performed on the obtained data. Correlation coefficient (R),
slope and intercept were calculated from the graph.
3.8.7 Validation of gentamicin method
Analytical method validation was performed according to the ICH guidelines (ICH, 2005) with
respect to accuracy, precision, specificity, linearity, range, LOD and LOQ.
3.8.7.1 Linearity
The linearity of the proposed method was determined by measuring the absorbance of six
concentrations (13.6, 27.2, 34, 68, 136 and 170 µg/mL of GEN) covering the range (13.6 – 170
µg/mL). The procedure was followed as described under section 3.8.4 for GEN determination.
The absorbance was plotted against concentration. The regression line and correlation coefficient
were evaluated as well as validity of regression line was verified by statistical analysis.
3.8.7.2 Range
The specified range is normally derived from linearity studies and it is the interval between the
upper and lower concentration of GEN.
3.8.7.3 Specificity
The specificity of the method was investigated. To fulfill this purpose, a mixture of methyl
paraben, propyl paraben and GEN was prepared. Then, a quantity of the prepared mixture
containing 85 mg anhydrous GEN sulphate was dissolved in 25 mL distilled water with good
shaking, filtered and the volume was completed to 50 mL with distilled water. 0.4 mL and 0.8
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mL of the resulting solution was transferred into 10 mL volumetric flask and then procedure was
followed as described under section 3.8.4 for GEN determination. The absorbance of the
resulting solution was measured at 416 nm against the blank.
3.8.7.4 Accuracy
Accuracy of the method was ascertained by performing recovery studies using standard addition
method. Three concentrations were measured and each of them was repeated three times to
calculate accuracy. To a pre-analyzed sample, standard drug aliquots were added at three
different levels 34 µg/mL, 68 µg/mL and 136 µg/mL to baseline amount of ampoule solution
equivalent to 34 µg/mL of GEN. These mixtures were transferred into separate 10 mL
volumetric flasks then the procedure was followed as described under section 3.8.4 for GEN
determination. The absorbance of the resulting solution was measured at 416 nm.
The amount of total drug was calculated and the amount of standard drug aliquots recovered was
calculated using following formula, Percent recovery = (T-A/S)*100, where, T is the total
amount of drug estimated, A is the amount contributed by ampoule solution and S the amount of
pure drug added. The calibration curve was used in the estimation of spiked sample.
3.8.7.5 Precision
3.8.7.5.1 Repeatability
Repeatability was assessed by triplicate analysis of three different concentrations (27.2, 68 and
136 µg/mL) of the drug. The relative standard deviation (RSD) was calculated for each
concentration.
3.8.7.5.2 Intermediate precision
The effect of random events on the precision of the analytical method was studied by repeating
the procedure in different days for three different concentrations (34, 68 and 102 µg/mL) of the
drug. RSD was calculated for each concentration.
3.8.7.6 LOD
The limit of detection is expressed using the following formula (ICH, 2005);
LOD= 3.3 σ/S
σ: residual standard deviation of the regression line.
S: slope of the regression line.
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3.8.7.7 LOQ
The limit of quantitation is calculated from the following formula (ICH, 2005);
LOQ= 10 σ/S
σ: residual standard deviation of the regression line.
S: slope of the regression line.
3.8.8 Application to gentamicin pharmaceutical dosage forms
3.8.8.1 Application to gentamicin ampoules
The content of five ampoules of GEN (40 mg/mL) was mixed and an accurately measured
volume equivalent to 40mg GEN was transferred into 25 mL volumetric flask and diluted to
25mL with distilled water to prepare 1.6 mg/mL solution. 0.6 mL and 0.8 mL of the resulting
solution were transferred into two 10 mL volumetric flasks then the procedure was followed as
described under section 3.8.4 for GEN determination. The absorbance of the resulting solution
was measured at 416 nm against the blank. Triplicate measurements were done for each
concentration and the percentage of recovery was calculated from the calibration graph.
3.8.8.2 Application to gentamicin eye drops
The content of three bottles of GEN eye drops (3 mg/mL) was mixed and an accurately
measured volume equivalent to 24mg GEN was transferred into 25 mL volumetric flask and
diluted to 25mL with distilled water to prepare 0.96 mg/mL solution. 0.5 mL and 1.0 mL of the
resulting solution were transferred into two 10 mL volumetric flasks then the procedure was
followed as described under section 3.8.4 for GEN determination. The absorbance of the
resulting solution was measured at 416 nm against the blank. Triplicate measurements were done
for each concentration and the percentage of recovery was calculated from the calibration graph.
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CHAPTER (4)
Results
4.1. Gabapentin derivatization method
4.1.1 Selection of analytical wavelength for chromogen
The reaction between GBP, SA and sodium acetate was performed and the absorption spectrum
of the product was scanned against the blank. The blank also was scanned against methanol in
the range of 200-800 nm (see figure 4.1). It was found that the derivative product of GBP
exhibiting λmax at 403 nm and the absorbance increased directly with GBP concentration as

Absorbance

shown in figure 4.2. Therefore, the measurements were carried out at 403 nm.

Wave length

Figure 4.1: Absorption spectrum of blank solution of SA and sodium acetate against methanol.

Figure 4.2: Absorption spectrums of GBP derivative product (20 µg/mL and 80 µg/mL).

403 nm
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4.1.2 Optimization of reaction conditions
4.1.2.1 Effect of temperature
In order to examine the effect of temperature on the reaction, the procedure was carried out at
different temperatures. The measured absorbance of the resulting solutions are shown in figure
4.3. It was found that the reaction was affected by temperature. Optimal absorbance and thus
sensitivity was obtained at 45°C which was selected for further analysis.
0.47
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0.42
0.37
0.32
0.27
0.22
0.17

0.12
25°C
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60°C

70°C
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Figure 4.3: Effect of temperature on absorptivity of GBP chromogen (80µg/mL).

4.1.2.2 Effect of solvent
The effect of solvent on the absorbance of GBP chromogen was studied using distilled water
versus methanol. In this study, the use of methanol increased the absorptivity of the product and
hence the sensitivity when compared to water. In addition, the use of methanol as a solvent
improved the product stability as shown in figure 4.4.
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0
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Figure 4.4: Effect of solvent on absorptivity and stability of GBP chromogen (80µg/mL).
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4.1.2.3 Effect of volume of salicylaldehyde 0.3% (v/v) solution
The effect of different volumes of SA 0.3% (v/v) solution on the derivatization product of GBP
was studied. The measured absorbance of the resulting solutions are shown in figure 4.5. The
best volume was 2 mL.
0.45

Absorbance

0.4
0.35
0.3
0.25
0.2
1

1.5

2

2.5

Volume (mL) of SA 0.3% (v/v) solution
Figure 4.5: Effect of volume of SA 0.3% (v/v) solution on absorptivity of GBP chromogen (80µg/mL).

4.1.2.4 Effect of volume of sodium acetate 0.6% (w/v) solution
The effect of different volumes of sodium acetate 0.6% (w/v) solution on the derivatization
product of GBP was studied. The measured absorbance of the resulting solutions are shown in
figure 4.6. The best volume was 1 mL.
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0.35

0.3
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Figure 4.6: Effect of volume of sodium acetate 0.6% solution on absorptivity of GBP chromogen (80µg/mL).
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4.1.2.5 Effect of pH
The effect of pH on the formation of derivatization product of GBP was studied using acetate
buffer of different pH values. The measured absorbance of the resulting solutions are shown in
figure 4.7. The optimum absorbance was achieved at solution without buffer (pH 7.5).
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0.4
0.3
0.2
0.1
0
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5.5

7.5
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Figure 4.7: Effect of pH on absorptivity of GBP chromogen (80µg/mL).

4.1.2.6 Effect of reaction time
The effect of reaction time on the product formation was studied by heating the samples to
different time periods. The measured absorbance of the resulting solutions are shown in figure
4.8. Maximum absorption was obtained with 20 mins.
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Figure 4.8: Effect of reaction time on absorptivity of GBP chromogen (80µg/mL).
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4.1.2.7 Effect of order of addition
The effect of order of reagent addition was studied by carrying out the reaction in different
orders. The measured absorbance of the resulting solutions are shown in table 4.1. It was found
that the reaction was not affected by order of reagent addition.
Table 4.1: Effect of order of addition on absorptivity of GBP chromogen (80µg/mL).

a

Sample

First

Second

Third

Absorbancea

1

GBP

SA

Sodium acetate

0.386

2

GBP

Sodium acetate

SA

0.385

3

SA

Sodium acetate

GBP

0.381

4

Sodium acetate

SA

GBP

0.384

: values are mean of three determinations.

4.1.2.8 Summary of optimization studies of gabapentin analysis
Table 4.2 shows the summary for the optimization of variables affecting the reaction of GBP
with SA reagent employed in the development of the proposed spectrophotometric method.
Table 4.2: Summary of optimum conditions for reaction of GBP with SA

Variable

Studied range

Result

Solvent

Methanol or Water

Methanol

Volume of 0.3% (v/v) SA solution (mL)

1.0 – 2.5

2.0

Volume of 0.6% sodium acetate solution (mL)

0.5 – 2.0

1.0

pH

4 – 7.5

7.5

Temperature (°C)

25 - 70

45

Reaction time (min)

5 - 30

20

Order of addition

Different

No effect

4.1.3. Stability of chromogen
The effect of time on the stability of the derivatization product of GBP (80µg/mL) after dilution
was studied. The measured absorbance of the solution at different time intervals up to 1 hr are
shown in table 4.3. The stability of GBP chromogen remained unchanged at least for 1hr.
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Table 4.3: Effect of time on the stability of GBP chromogen (80µg/ml).

Time (min)
0
10
20
30
40
50
60

Absorbance
0.390
0.388
0.386
0.384
0.382
0.382
0.381

4.1.4 Validation of gabapentin method
Validation parameters were performed according to the ICH guidelines (ICH, 2005)
4.1.4.1 Linearity
Under the optimum reaction conditions (table 4.2), the calibration curve was constructed by
plotting concentrations of GBP versus absorbance. A linear calibration graph was found between
absorbance and concentration in the range of 6–100 µg/mL as shown in figure 4.9. The
procedure was repeated five times. Table 4.4 shows the regression equation parameters and
statistical analysis.
Table 4.4: Regression equation parameters for GBP analysis.

Regression equation

Slope (b)

Intercept (a)

1
2
3
4

0.0042
0.0042
0.0043
0.0044

0.0341
0.044
0.0359
0.0325

Correlation
coefficient (R)
0.9963
0.9941
0.9915
0.9976

5

0.0042

0.0398

0.9975

Mean

0.0043

0.0369

0.9961

SD

0.00012

0.00465

0.0026

λmax

403 nm

Linear range

6 - 100 µg/mL

Regression equation*

Y = 0.0369 + 0.0043X

Molar absorptivity (ε)

7367.92 L/mol.cm

LOD

4.24 µg/mL

LOQ

12.84 µg/mL

*Y=a+bX, where Y is the absorbance, a is intercept, b is slope and X is concentration
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Figure 4.9: Calibration curve of GBP analysis; (mean of five replicates).

4.1.4.2 Range
The specified range was derived from linearity studies and it was found to be 6 - 100 µg/mL.
4.1.4.3 Specificity
The specificity of the method was investigated by adding the common used excipients in the
preparation of pharmaceutical dosage forms of GBP to the drug and calculating the percent of
the drug recovery. Table 4.5 shows that there was not any interference from excipients in the
analysis of GBP.
Table 4.5: Results of specificity study for GBP analysis.

Concentration
(µg/mL)
90

60
a

Amount recovered
(µg/mL)
90.76
89.12
89.80
60.79
59.51
60.15

% Recoverya ± SD
99.88 ± 0.91

100.26 ± 1.07

: values are mean of three determinations.

4.1.4.4 Accuracy
Accuracy of the method was ascertained by performing recovery studies using standard addition
method. A fixed amount of drug's sample from dosage form was taken and added to pure
standard drug at three different concentrations within the linear range. The total concentration
was determined by the proposed method. The determination with each concentration was
repeated three times and average percent recovery of the added standard was calculated as shown
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in table 4.6. The results obtained showed excellent mean recovery percent values and low SD
values which indicate high accuracy of the proposed analytical method.
Table 4.6: Results of accuracy study for GBP analysis.

a

Base level
(µg/mL)

Spiked amount
(µg/mL)

20

20

20

40

20

60

Found
amount
(µg/mL)
40.05
40.02
40.05
59.89
59.51
59.73
81.41
81.88
80.71

% Recoverya ± SD

100.21 ± 0.085

99.28 ± 0.477

102.22 ± 0.99

: values are mean of three determinations.

4.1.4.5 Precision
4.1.4.5.1 Repeatability
Repeatability or intraday precision was assessed on three different concentrations of the drug by
measuring three replicates of each concentration and RSD was calculated. The results were
summarized in table 4.7. RSD values were found to be very small (RSD < 1.0%) indicating high
repeatability of the proposed method.
Table 4.7: Results of repeatability for GBP analysis.

Actual
concentration
(µg/mL)
20

80

100
a

Found
concentration
(µg/mL)
20.15
19.90
20.03
80.02
80.72
81.19
100.1
99.63
100.57

: values are mean of three determinations.
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Meana

SD

RSD

20.03

0.13

0.62

80.64

0.59

0.73

100.1

0.47

0.47

4.1.4.5.2 Intermediate precision
Intermediate or interday precision was studied by repeating the procedure in different days for
three different concentrations of the drug and RSD was calculated. The results were summarized
in table 4.8. RSD values did not exceed 1.34% proving good intermediate precision of the
proposed method.
Table 4.8: Results of intermediate precision for GBP analysis.

Actual
concentration
(µg/mL)

Found
concentration
(µg/mL)

Mean

SD

RSD

39.71

0.26

0.67

80.47

1.07

1.34

99.33

0.47

0.47

40.02
40

39.56
39.56
81.41

80

79.30
80.71
99.79

100

98.86
99.33

4.1.4.6 LOD
The limit of detection was 4.24 µg/mL for the proposed method and it is listed in table 4.4. It
was calculated using the following equation: LOD = 3.3 σ/S; where, σ is calculated as the
standard deviation of residuals of the regression line, S is the slope of the calibration curve.
4.1.4.7 LOQ
The limit of quantitation was 12.84 µg/mL for the proposed method and it is listed in table 4.4. It
was calculated using the following equation: LOQ = 10 σ/S; where, σ is calculated as the
standard deviation of residuals of the regression line, S is the slope of the calibration curve.
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4.1.5 Application to gabapentin pharmaceutical dosage form
The assay for the marketed capsules of GBP was established using the present optimized
spectrophotometric conditions and it was found to be accurate and reliable. The results of assay
for the formulation are shown in table 4.9. The results were very close as mentioned in the label
claim and lie in the accepted range (90%-110%) of (USP 32, 2009a), indicating that the
interference of excipients is insignificant in the estimation of GBP. The percentage recovery
mean of GBP for capsule formulation was 101.01 with SD of 1.23 that indicated the precision of
the proposed method. Recovery percentage obtained by the proposed method was compared
statistically with published data of official method (Gujral at al., 2009), using t – test. No
significance difference was found at 95% confidence level (P value < 0.05) as shown in table
4.10, providing similar accuracy in GBP determination by both methods.
Table 4.9: Results of application of spectrophotometric method to the determination of GBP in capsules.

Label claim
(µg/mL)

a

Amount recovereda
(µg/mL)

% Recoverya
± SD

40

40.01

100.03 ± 0.16

80

81.59

101.99 ± 0.58

: values are mean of three determinations.

Table 4.10: Statistical evaluation of results of GBP determination in capsules by the proposed method.

% Recoverya ± SD

Dosage form

Proposed method

Official method

101.01 ± 1.231
t = 0.014C

99.91 ± 0.567b

GBP capsules
300 mg

a

: values are mean of six determinations.

b

: published data for GBP determination in capsule by USP official method (Gujral et al., 2009).

C

: Tabulated t 0.05, 10 value = 2.23 at 95% confidence level and 10 degrees of freedom.

50

4.2. Gentamicin derivatization method
4.2.1 Selection of analytical wavelength for chromogen
The reaction between GEN, salicylaldehyde and acetate buffer was performed and the absorption
spectrum of the product was scanned against the blank. The blank also was scanned against
methanol in the range of 200-800 nm (see figure 4.10). It was found that the derivative product
of GEN exhibiting λmax at 416 nm and the absorbance increased directly with GEN concentration

Absorbance

as shown in figure 4.11. Therefore, the measurements were carried out at 416 nm.

Wave length

Absorbance

Figure 4.10: Absorption spectrum of blank solution of SA and acetate buffer against methanol

416 nm

Wave length
Figure 4.11: Absorption spectrums of GEN derivatization product (85 µg/mL and 170 µg/mL).
85 µg/mL
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4.2.2 Optimization of reaction conditions
4.2.2.1 Effect of temperature
In order to examine the effect of temperature on the reaction, the procedure was carried out at
different temperatures. The measured absorbance of the resulting solutions are shown in figure
4.12. It was found that the reaction was affected by temperature. Optimal absorbance and thus
sensitivity was obtained at 45°C which was selected for further analysis.

Absorbance

1

0.9
0.8
0.7
0.6
0.5

35

25
(RT)

40

45

50

55

60

70

Temperature (°C )

Figure 4.12: Effect of temperature on absorptivity of GEN chromogen (170µg/mL).

4.2.2.2 Effect of reaction time
The effect of reaction time on the product formation was studied by heating the samples to
different time periods. The measured absorbance of the resulting solutions are shown in figure
4.13. Maximum absorption was obtained with 15 mins.

Absorbance

0.9

0.8

0.7

0.6
5

10

15

20

25

30

Reaction time (min)
Figure 4.13: Effect of reaction time on absorptivity of GEN chromogen (170µg/mL).
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4.2.2.3 Effect of solvent
The effect of solvent on the absorbance of GEN chromogen was studied using distilled water
versus methanol. In this study, the use of water as a solvent increase the absorptivity of the
product and hence the sensitivity when compared to methanol. However, the use of methanol as
a solvent improved the product stability comparing to water as shown in table 4.11.
Table 4.11: Effect of solvent on absorptivity and stability of GEN chromogen (170µg/mL).

Absorbance
Solvent
0 time

10 mins

20 mins

Distilled water

1.035

0.939

0.869

Methanol

0.829

0.856

0.875

4.2.2.4 Effect of volume of salicylaldehyde 0.3% (v/v) solution
The effect of different volume of SA 0.3% (v/v) solution on the derivatization product of GEN
was studied. The measured absorbance of the resulting solutions are shown in figure 4.14. The

Absorbance

best volume was 2 mL.
1.1
1
0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.5

1

1.5

2

2.5

Volume (mL) of SA 0.3% (v/v) solution
Figure 4.14: Effect of volume of SA 0.3% (v/v) solution on absorptivity of GEN chromogen (170µg/mL).
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4.2.2.5 Effect of volume of sodium acetate 0.6% (w/v) solution
The effect of different volumes of sodium acetate 0.6% (w/v) solution on the derivatization
product of GEN was studied. The measured absorbance of the resulting solutions are shown in
figure 4.15. The best volume was 1 mL.
1

Absorbance

0.9
0.8
0.7
0.6
0.5
0.25

0.5

1

1.5

2

Volume (ml) of sodium acetate 0.6% (w/v) solution
Figure 4.15: Effect of volume of sodium acetate 0.6% solution on absorptivity of GEN chromogen (170µg/mL)

4.2.2.6 Effect of pH
The effect of pH on the absorbance of the derivatization product of GEN was studied using
acetate buffer of different pH values. The measured absorbance of the resulting solutions are
shown in figure 4.16. The optimum absorbance was achieved at buffer solution (pH 5.5).
1.2

Absorbance

1
0.8
0.6
0.4
0.2
0
4

4.5

5

pH

5.5

7.5
(without
buffer)

Figure 4.16: Effect of pH on absorptivity of GEN chromogen (170µg/mL).
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4.2.2.7 Effect of order of addition
The effect of order of reagent addition was studied by carrying out the reaction in different
orders. The measured absorbance of the resulting solutions are shown in table 4.12. It was found
that the reaction was not affected by order of reagent addition.
Table 4.12: Effect of order of addition on absorptivity of GEN chromogen (170µg/mL).

a

Sample

First

Second

Third

Absorbancea

1

GEN

SA

Acetate buffer

0.973

2

GEN

Acetate buffer

SA

0.979

3

SA

Acetate buffer

GEN

0.97

4

Acetate buffer

SA

GEN

0.979

: values are mean of three determinations.

4.2.2.8 Summary of optimization studies of gentamicin analysis
Table 4.13 shows the summary for the optimization of variables affecting the reaction of GEN
with SA reagent employed in the development of the proposed spectrophotometric method.
Table 4.13: Summary of optimum conditions for reaction of GEN with SA.

Variable

Studied range

Result

Solvent

Methanol or Water

Methanol

Volume of 0.3% (v/v) SA solution (mL)

0.5 – 2.5

2.0

Volume of 0.6% sodium acetate solution (mL)

0.25 – 2.0

1.0

pH

4 – 7.5

5.5

Temperature (°C)

25 - 70

45

Reaction time (min)

5 – 30

15

Order of addition

Different

No effect

4.2.3. Stability of chromogen
The effect of time on the stability of the derivatization product of GEN (170µg/mL) after
dilution was studied. The measured absorbance of the solution at different time intervals up to 1
hr are shown in table 4.14. The stability of GEN chromogen remained unchanged at least for 1hr.
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Table 4.14: Effect of time on the stability of GEN chromogen (170µg/mL).

Time (min)
0
10
20
40
60

Absorbance
0.964
0.993
0.999
1.000
1.000

4.2.4 Validation of gentamicin method
Analytical method validation was performed according to the ICH guidelines (ICH, 2005).
4.2.4.1 Linearity
Under the optimum reaction conditions (table 4.13), the calibration curve was constructed by
plotting concentrations of GEN versus absorbance. A linear calibration graph was found between
absorbance and concentration in the range of 13.6–170 µg/mL as shown in figure 4.17. The
procedure was repeated five times. Table 4.15 shows the regression equation parameters and
statistical analysis.
Table 4.15: Regression equation parameters for GEN analysis.

Regression equation
1
2
3
4
5
Mean
SD
λmax
Linear range
Regression equation*
Specific absorbance (A1%1cm )
LOD
LOQ

Slope

Intercept

Correlation

(b)

(a)

coefficient (R)

0.0048
0.006
0.0052
0.0053
0.0051
0.0053
0.0004

0.062
0.0331
0.0838
0.0458
0.0382
0.0527
0.0206
416 nm
13.6 - 170 µg/Ml
Y = 0.0527 + 0.0053X
53.05
8.37 µg/mL
25.35 µg/mL

0.9948
0.9882
0.9912
0.993
0.9946
0.994
0.0027

*Y=a+bX, where Y is the absorbance, a is intercept, b is slope and X is concentration (µg/mL)
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Figure 4.17: Calibration curve of GEN analysis; (mean of five replicates).

4.2.4.2 Range
The specified range was derived from linearity studies and it was found to be 13.6 - 170 µg/mL.
4.2.4.3 Specificity
The specificity of the method was investigated by adding the common used excipients in the
preparation of pharmaceutical dosage forms of GEN to the drug and calculating the percent of
the drug recovery. Table 4.16 shows that there was not any interference from excipients in the
analysis of GEN.
Table 4.16: Results of specificity study for GEN analysis.

Concentration (µg/mL)

Amount recovered
(µg/mL)
68.66

% Recoverya ± SD

69.00

101.67 ± 0.82

68

69.75
136.99
136

137.59

100.96 ± 0.22

137.33
a

: values are mean of three determinations.

4.2.4.4 Accuracy
Accuracy of the method was ascertained by performing recovery studies using standard addition
method. A fixed amount of drug's sample from dosage form was taken and added to pure
standard drug at three different concentrations within the linear range. The total concentration
was determined by the proposed method. The determination with each concentration was
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repeated three times and average percent recovery of the added standard was calculated as shown
in table 4.17. The results obtained showed excellent mean recovery percent values and low SD
values (SD < 2) which indicate good accuracy of the proposed analytical method.
Table 4.17: Results of accuracy study for GEN analysis.

Base level
(µg/mL)

Spiked amount
(µg/mL)

Found amount
(µg/mL)
68.89

% Recoverya ± SD

34

34

68.76

101.78 ± 1.15

68.16
103.96
34

68

102.09

101.1 ± 1.55

102.19
169.46
34

136

169.86

99.77 ± 0.15

169.76
a

: values are mean of three determinations.

4.2.4.5 Precision
4.2.4.5.1 Repeatability
Repeatability or intraday precision was assessed on three different concentrations of the drug by
measuring three replicates of each concentration and RSD was calculated. The results were
summarized in table 4.18. RSD values did not exceed 1.05% indicating high repeatability of the
proposed method.
Table 4.18: Results of repeatability for GEN analysis.

Actual
concentration
(µg/mL)
27.2

68

136

Found
concentration
(µg/mL)
27.67
27.4
27.98
68.76
68.89
68.16
136.38
138.06
137.81
58

Mean

SD

RSD

27.68

0.29

1.05

68.61

0.39

0.57

137.42

0.91

0.66

4.2.4.5.2 Intermediate precision
Intermediate or interday precision was studied by repeating the procedure in different days for
three different concentrations of the drug and RSD was calculated. The results were summarized
in table 4.19. RSD values were found to be < 1.5% proving good intermediate precision of the
proposed method.
Table 4.19: Results of intermediate precision for GEN analysis.

Actual
concentration
(µg/mL)

Found
concentration
(µg/mL)

Mean

SD

RSD

34.63

0.43

1.23

68.72

0.54

0.79

102.75

1.05

1.02

34.16
34

34.76
34.98
69.25

68

68.76
68.16
103.96

102

102.09
102.19

4.2.4.6 LOD
The limit of detection was 8.37 µg/mL for the proposed method and it is listed in table 4.15. It
was calculated using the following equation: LOD = 3.3 σ/S; where, σ is calculated as the
standard deviation of residuals of the regression line, S is the slope of the calibration curve.
4.2.4.7 LOQ
The limit of quantitation was 25.35 µg/mL for the proposed method and it is listed in table 4.15.
It was calculated using the following equation: LOQ = 10 σ/S; where, σ is calculated as the
standard deviation of residuals of the regression line, S is the slope of the calibration curve.
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4.2.5 Application to gentamicin pharmaceutical dosage forms
The assay for the marketed ampoules and eye drops of GEN were established using the present
optimized spectrophotometric conditions and were found to be accurate and reliable. The results
of assay for the formulations are shown in table 4.20 and table 4.21. The results were very close
as mentioned in the label claim and lie in the accepted range of (97%-110%) for ampoules and
(90%-120%) for eye drops (BP, 2015b), indicating that the interference of excipients is
insignificant in the estimation of GEN. The percentage recovery means of GEN in ampoules and
eye drops were 99.24 ± 1.48 and 100.53 ± 2.64, respectively. The results that were obtained by
the proposed method was compared statistically with published data of BP official method (ElDidamony et al., 2006), using t – test. No significance difference was found at 95% confidence
level (P value < 0.05) as shown in table 4.22, providing similar accuracy in GEN determination
by both methods.
Table 4.20: Results of application of spectrophotometric method to the determination of GEN in ampoules.

a

Label claim
(µg/mL)
96

Amount recovereda (µg/mL)

% Recoverya ± SD

97.08

101.12 ± 0.81

128

124.62

97.36 ± 2.15

: values are mean of three determinations.
Table 4.21: Results of application of spectrophotometric method to the determination of GEN in eye drops.

Label claim
(µg/mL)
48
96
a

Amount recovereda (µg/mL)

% Recoverya ± SD

49.44
94.15

102.99 ± 3.29
98.07 ± 1.99

: values are mean of three determinations.

Table 4.22: Statistical evaluation of results of GEN determination in dosage forms by the proposed method.

Dosage form
GEN ampoules
40 mg/mL
GEN eye drops
3 mg/mL
a

% Recoverya ± SD
Proposed method
Official method
99.24 ± 1.48
100.04 ± 0.57c
t = 1.24b
100.53 ± 2.64
100.14 ± 0.41d
t = 0.19b

: values are mean of six determinations.

b

: tabulated t 0.05, 10 value = 2.23 at 95% confidence level and 10 degrees of freedom.

c

: published data for GEN determination in ampoules by BP official method (El-Didamony et al., 2006).

d

: published data for GEN determination in eye drops by BP official method (El-Didamony et al., 2006).
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CHAPTER (5)
Discussion
5.1 Derivatization reaction
Spectroscopy technique continues to be one of the most widely preferred techniques in quality
control of pharmaceutical products because of instrumental simplicity, less equipment cost and
economical advantage. Spectrophotometric analysis can be done by direct methods for highly
detector-responding analytes but cannot be done for either analytes without UV absorbing
chromophores or that measured at short wave lengths which susceptible to potential interferences
from excipients. In such cases, suitable derivatization of the analyte can be sufficient to
overcome these problems by producing a modified colored product that measured at viscible
range with improving sensitivity and selectivity of the determination.
No chromophore is available on GBP and GEN moieties for direct analysis by absorption
spectroscopy, therefore their spectrophotometric determination can be done after their
derivatization. Literature survey revealed that the major reported analytical methods were by
chromatographic technique, which is more complex, expensive, time-consuming and generate
large amounts of waste. CE methods also were reported for their determination in bulk and in
pharmaceuticals but these methods require long and tedious pretreatment of the samples and
laborious clean up procedures prior to analysis.
GBP and GEN contain primary amino groups for which many chromogenic reagents are
available for color producing reactions. Therefore, it was attained to use SA reagent as a
derivatizing agent for GBP and GEN for the first time, which is cheap and easily available in
comparing to other reagents described in the published spectrophotometric methods
(Abdulrahman and Basavaiah, 2011; Hesham, 2008; Omar et al., 2013; Siddiqui et al., 2010).
The proposed method based on formation of Schiff’s bases (imine compounds) as a result of
condensation reaction of primary amino groups of drugs with an active carbonyl group of SA in
presence of acetate solution in one step which did not require vigorous conditions, extraction or
any clean-up step prior to detection in comparing to other reported procedures (Abdellatef and
Khalil, 2003; Ambala and Patel, 2011; El-Didamony et al., 2006; Gujral and Haque, 2009;
Mukhamedzianov and Likhoded, 1991; Omar et al., 2013).
The derivatization reaction was performed for GBP and GEN in methanolic medium and result
in the formation of yellow-colored products. The absorption spectra of these derivatives were
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scanned in the range of 200-800 nm against the corresponding blank solutions. The yellowcolored products showed λmax at 403 nm and 416 nm for GBP and GEN chromogens,
respectively at which selectivity enhanced through avoiding potential interferences from the
excipients in contrast to shorter λmax of other reviewed methods (Abdellatef and Khalil, 2003;
Gujral and Haque, 2009; Krzek et al., 2009; Siddiqui et al., 2010).
The effect of solvent on the absorbance of chromogens was studied using distilled water versus
methanol and it was found that the use of methanol increased the absorptivity of GBP
chromogen and hence the sensitivity when compared to water. In contrast, using of water as a
solvent increased the absorptivity of GEN chromogen and in sequence the sensitivity of the
method but water was unsuitable for the derivative product stability for both drugs which
referred to that imines hydrolyzed back to the corresponding primary amines in the presence of
water under acidic conditions. Methanol yielded good results in terms of stability of GBP and
GEN derivatives which remained at least for 1 hr after dilution and this is sufficient time for the
performance of the analysis. The sensitivity of the method was indicated by the value of (ε) for
GBP (7367.92 L/mol.cm) and the value of (A1%1cm) for GEN (53.05).
Analytical conditions were optimized via a number of preliminary experiments. The variables
affecting the derivatization reaction of GBP and GEN were optimized in the proposed
spectrophotometric method. First the effect of reaction's temperature and reaction's time were
studied and the optimal absorbance was obtained at 45°C for (20 mins for GBP and 15 mins for
GEN) which were selected for further analysis. In sequence, the derivatization was achieved
rapidly under mild experimental conditions in contrast to reaction's temperature used in other
spectrophotometric methods {85°C (Galande et al., 2010); 75°C for 15 mins (Saleh et al., 2014);
70°C for 15 mins (Siddiqui et al., 2010)}. No increase in absorbance was observed at elevated
temperatures may be due to completeness of the reaction or reversal of reaction (hydrolysis).
Furthermore, the best added volumes of SA 0.3% v/v solution and acetate solution 0.6% w/v for
the derivatization reaction of both drugs were 2 mL and 1 mL, respectively. Beyond these
volumes the absorbance found to be approximately constant or slightly decreased which may
referred to reaction's completeness. In addition, the effect of pH on the derivatization reaction of
GBP and GEN was examined only in the range of 4-7.5 because the rate at which aldehydes
react with 1º-amines to form imine derivatives drops at higher and lower pH's. At high pH there
will not be enough acid to protonate the OH in the intermediate to allow for removal as H2O. At
low pH most of the amine reactant will be tied up as its ammonium conjugate acid and will
become non-nucleophilic (Sorrell, 2006). The best pH for the reaction was found to be 5.5 for
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GEN, in contrast GBP absorbance was maximum at pH 7.5 according to their pKa2 because the
quantity of drugs with unionized primary amino group should be sufficient for good result.
Finally, the order of reagent addition did not affect the reaction because condensation reaction of
primary amino group of drugs with SA should be in presence of acetate solution to activate the
carbonyl group of SA and give intermediate product.
5.2 Gabapentin analysis
The derivatization of GBP with SA in presence of acetate solution pH 7.5 was achieved in one
step at 45°C for 20 mins without any extraction. In sequence, the proposed method for GBP
analysis was done rapidly under mild experimental conditions which did not require vigorous
conditions or any clean-up step prior to detection. Methanol was used as a solvent and yielded
good GBP derivative stability which remained at least for 1 hr after dilution and this is sufficient
time for the performance of analysis for many samples.
Validation parameters for GBP analysis were performed according to the ICH guidelines (ICH,
2005). Under the optimum reaction conditions, the calibration curve was constructed by plotting
six concentrations of GBP versus absorbance. A calibration graph was plotted between
absorbance and concentration and the linear range of 6 - 100 µg/mL and (ε) value of 7367.92
L/mol.cm were derived from linearity studies which demonstrated that this method is more
sensitive than some of reviewed spectrophotometric methods {40 - 280 µg/mL and (ε) of 516
L/mol.cm (Abdellatef and Khalil, 2003); 20 - 140 µg/mL and (ε) of 1660 L/mol.cm (Al-Zehouri
et al., 2001); 40 - 90 µg/mL and (ε) of 1123.72 L/mol.cm (Ambala and Patel, 2011); 50 - 300
µg/mL (Galande et al., 2010); 40 - 120 µg/mL and (ε) of 1230 L/mol.cm (Hesham, 2008)} and
in addition, better than some of chromatographic methods {0.1 – 3.8 mg/mL (Gujral and Haque,
2009a); 2.5 – 7.5 mg/mL (Rao et al., 2009); 10 - 500 µg/mL (Souri et al., 2007)}. Furthermore,
the specified range was found to be wider than that of some published methods {7.5 - 75 µg/mL
(Abdulrahman and Basavaiah, 2011a); 16 - 70 µg/mL (Siddiqui et al., 2010)}. The regression
equation was Y = 0.0369 + 0.0043X with R 0.9961.
LOD and LOQ for the proposed method were 4.24 µg/mL and 12.84 µg/ml respectively. The
specificity of the method was investigated by observing any interference encountered from
common excipients of the pharmaceutical formulation such as starch, magnesium stearate, talc
and lactose and no interference was found in the analysis of GBP. Accuracy of the method was
ascertained and the results obtained showed excellent mean recovery percent values (102.22% 99.28%) with low SD values (≤ 1.5) which indicate high accuracy of the proposed analytical
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method. Repeatability and intermediate precision were assessed and their RSD values were
found to be very small (< 1.0) and (< 1.5) respectively, indicating high repeatability and good
precision of the proposed method.
Application of the present optimized spectrophotometric method for the analysis of marketed
capsules of GBP was done. The percentage recovery mean of GBP for capsule formulation was
101.01 with SD of 1.23 that indicated the precision of the proposed method. The results were
very close as mentioned in the label claim and lie in the accepted range (90%-110%) of (USP 32,
2009a), indicating that the interference of excipients is insignificant in the estimation of GBP.
Recovery percentage obtained by the proposed method was compared statistically with published
data of USP official method (Gujral et al., 2009), using t – test. No significance difference was
found at 95% confidence level (P value < 0.05), providing similar accuracy in GBP
determination by both methods.
5.3 Gentamicin analysis
The derivatization of GEN with SA in presence of acetate buffer pH 5.5 was achieved in one
step without any extraction at 45°C for 15 mins only due to presence of GEN as salt of sulphate
which speed the reaction. In sequence, the proposed method for GEN analysis was done rapidly
under mild experimental conditions which did not require vigorous conditions or any clean-up
step prior to detection. Methanol was used as a solvent and yielded good GEN derivative
stability which remained at least for 1 hr after dilution and this is sufficient time for the
performance of analysis for many samples.
Validation parameters for GEN analysis were performed according to the ICH guidelines (ICH,
2005). Under the optimum reaction conditions, the calibration curve was constructed by plotting
five concentrations of GEN versus absorbance. A linear calibration graph was found between
absorbance and concentration in the range of 13.6–170 µg/mL which demonstrated that this
method is more sensitive than some of reviewed methods {2 - 6 mg/mL (Curiel et al., 2007) and
30 - 120 µg/mL (Frutos et al., 2000)} and also the linear range was found to be wider than that
of some published methods {4 - 9 µg/mL (El-Didamony et al., 2006) and 10 - 100 µg/mL (Omar
et al., 2013b)}. The regression equation was Y = 0.0527 + 0.0053X with R 0.994.
LOD and LOQ for the proposed method were 8.37 µg/mL and 25.35 µg/mL respectively. The
specificity of the method was investigated by observing any interference encountered from
common excipients of the pharmaceutical formulation such as methyl paraben and propyl
paraben and no interference was found in the analysis of GEN. Accuracy of the method was
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ascertained and the results obtained showed good mean recovery percent values (101.78% 99.77%) with low SD values (≤ 1.02). This indicate good accuracy and specificity of the
proposed analytical method. Repeatability and intermediate precision were assessed and their
RSD values were found to be very small (≤ 1.05) and (< 1.5) respectively, indicating high
repeatability and good precision of the proposed method.
Application of the present optimized spectrophotometric method for the analysis of marketed
ampoules and eye drops of GEN were done. The percentage recovery means of GEN in
ampoules and in eye drops were 99.24 ± 1.48 and 100.53 ± 2.64, respectively that indicated the
precision of the proposed method. The results were very close as mentioned in the label claim
and lie in the accepted range of (BP, 2015b), (97%-110%) for ampoules and (90%-120%) for eye
drops, indicating that the interference of excipients is insignificant in the estimation of GEN.
Recovery percentage that was obtained by the proposed method was compared statistically with
published data of BP official method (El-Didamony et al., 2006), using t – test. No significance
difference was found at 95% confidence level (P value < 0.05), providing similar accuracy in
GEN determination by both methods.
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CHAPTER (6)
Conclusion and recommendations
6.1 Conclusion
In spite of the availability of variety of methods for the analysis of GBP and GEN which are of
higher accuracy and reproducibility, a simple, rapid, accurate, precise, selective and sensitive
method was developed for their determination using derivatization without need for sophisticated
instruments. Only a simple spectrophotometer can perform the determination effectively using
cheap and easily available reagents and solvents.
This study demonstrated that SA can be utilized as a derivatization reagent for both drugs for
their determination for the first time. Methanol was used as a solvent and yielded good
derivatives stability which remained at least for 1 hr after dilution and this is sufficient time for
the performance of analysis. The procedure did not involve any extraction step or tedious sample
preparation, in sequence it was not time consuming and the measurements were free from
interferences by common additives and excipients.
ICH validation parameters were done and the method provided better percentage recoveries and
precision (RSD) which statistically compared with official methods. In addition, regression
analysis was made to evaluate the slope (b), intercept (a) and correlation coefficient (R). The
method had a wide linearity range, low LOD and low LOQ showed that the proposed method
was in good agreement with other methods. Hence, it could be concluded that the developed
spectrophotometric method could be successfully applied in routine analysis for the
determination of GBP and GEN in bulk and in pharmaceutical dosage forms.
6.2 Recommendations


The developed spectrophotometric method could be successfully applied in routine analysis
for the determination of GBP and GEN in bulk and in pharmaceutical dosage forms.



Further studies can be performed for the described procedure by changing the acetate buffer
solution with other buffers.



Further studies can be performed for the described procedure by changing methanol with
other solvents.



The described procedure may be suitable for analysis of GBP and GEN in biological fluids
after modification.
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