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ABSTRACT

Two simple, sensitive, accurate and extraction-free spectrophotometric methods were
developed and described for the determination of risperidone in pure and in tablet dosage
forms. The methods are based on the formation of ion-pair complex between risperidone
and the dyes bromocresol green in method A and thymol blue in method B at room
temperature to form yellow coloured products having absorption maxima at 414 nm and
404 nm respectively. The composition of the ion-pairs was established by Job’s method
and it was found to be 1:1 for both methods. Different variables affecting the reaction
conditions such as diluting solvents, concentration of dye, reaction time were studied and
optimized. Under the optimal conditions, linear relationship with good correlation
coefficients (0.994 and 0.995 for methods A and B respectively) was found between

absorbance and the concentrations of risperidone in the range of 2-20 ng/ml and 20-40

ng/ml respectively. The assay limits of detection (LOD) and limits of quantification (LOQ)

were 1.27 and 3.84 pg/ml for method A and 7.00 and 21.15 pg/ml for method B. The

precision of both methods did not exceed 15% likewise the percentage relative error was
within the accepted range of 1-5%. No interference could be observed from the excipients
commonly present in tablet or liquid dosage forms. The methods developed have been
validated and there is no significant difference (P < 0.05) between the methods and the
reference (BP) method. The methods can be successfully applied for the analysis of

risperidone in pure and tablet dosage forms.
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CHAPTER ONE
1.0 INTRODUCTION
1.1 Preamble
Risperidone is a psychotropic (antipsychotic) agent used in the treatment of schizophrenia.
The action is mediated through a combination of dopamine Type 2 (D) and serotonin Type
2 (5HT?) receptor antagonism. It is a selective monoaminergic antagonist with high affinity
for 5HT,, D, and H; histaminergic receptors (Potter and Hollister, 2001). It belongs to the
chemical class of benzisoxazole derivatives. The chemical name of risperidone is 3-[2-[4-
(6-fluoro-1, 2-benzisoxazol-3-yl)-1-piperidinyl]ethyl]-6, 7, 8, 9-tetrahydro-2-methyl-4H-
pyrido-[1,2-a]-pyrimidin-4-one) while the molecular formula is C,3Hz7FN4O, with the

molecular weight of 410.49g (The Merck Index, 2001).

N CHj
.

I N—o

Fig 1.1 Chemical structure of risperidone

According to the British Pharmacopoeia (2009), risperidone contains not less than 99.0 per
cent and not more than the equivalent of 101.0 per cent of 3-[2-[4-(6-fluoro-1,2-
benzisoxazol-3-yl)piperidin-1-yl]ethyl]-2-methyl-6,7,8,9-tetranydro-4H-pyrido[1,2-a]

pyrimidin-4-one, calculated with reference to the dried substance (BP, 2009). The absolute

oral bioavailability of risperidone is 70% and a half life of 20 hours. It is rapidly distributed



with the volume of distribution being 1-2 L/kg. In plasma, risperidone is bound to albumin.
It is extensively metabolized in the liver (USP/NF, 2006).

Risperidone was first developed by Janssen-Cilag from 1988 to 1992 and was approved by
the Food and Drug Administration in 1994. However, Janssen-Cilag’s patent on risperidone
expired on December 29, 2003 which paved the way for the introduction of cheaper
generics into the world market. Some of these cheaper generics, though affordable often
fall short of their required efficacy. Simple ‘on-spot” assessment of these brands of

risperidone has therefore become paramount (www.naminh.org).

1.2 Research Problem
The dearth of equipment employed in the determination of risperidone with methods like
high performance liquid chromatography (HPLC) (Woestenborghs et al., 1992; Balant-
Gorgia et al., 1999; Schatz and Saria, 2000; Zhou et al., 2004; EI-Sherif et al., 2005; Huang
et al., 2008; Kirschbaum et al., 2008; Baldaniya et al., 2008; Yunoos et al., 2010; Prakash
et al., 2014), liquid chromatography (LC) (Avenoso, et al., 2000; Aravagiri and Mander,
2000; McClean et al., 2000; Zhang et al., 2005; Bhatt et al., 2006; Zhang et al., 2007,
Locatelli et al., 2009), chemiluminescence assay (Song and Wang, 2004), pulse
polarography (Joshi et al., 2006), and the cost of executing these methods constitute an
enormous challenge in developing countries like Nigeria. The use of visible
spectrophotometric methods reported for the determination of risperidone in its pure form
and pharmaceutical preparations have complex procedures and/ or utilization of expensive
chemicals and solvents (Hassan, 2008; Narayana and Shetty, 2011; Deepakumari et al,

2013; Archana et al, 2013; Hassouna et al, 2014). This has prompted the call for the



development of sensitive, simple and economical ultraviolet-visible (UV)-
spectrophotometric methods for the determination of risperidone which can be used to
assay risperidone in pharmaceutical formulations available in the market and achieving

precise and accurate results with less difficulty and cost.

1.3 Justification of Study
Risperidone has fewer side effects and has benefitted refractory psychotic patients
compared to the typical antipsychotics like haloperidol (Shengquan, 2011). This has
contributed to its widespread use. In addition, with the introduction of newer and cheaper
generics into the market, it is imperative to develop simple, accurate, precise and cost

effective methods for the determination of risperidone to ensure routine quality assessment.

1.4 Theoretical Framework
The basic nature of the risperidone (pka- 8.24) makes it possible to utilize an anionic dye
(bromocresol green and thymol blue) to form an ion-pair complex. Due to resonance effect,
protonation of the benzisoxazole ring and pyrimidin-4-one is very difficult. Thus, there is
only one site which is susceptible to protonation and that is the nitrogen in the piperidine
ring (Harikrishna et al., 2008). Among the two tautomers of the dyes (bromocresol green
and thymol blue) present in equilibrium, the quinoid ring must predominate because of the
strong acidic nature of the sulfonic group. Finally, protonated risperidone form ion-pairs
with the dyes Bromocresol green and Thymol blue in 1:1 ratio. The possible reaction

pathway is depicted below:






1:1 Complex of risperidone-bromocresol green

Fig 1.2 Reaction pathway for risperidone-bromocresol green complex formation

Lactoid ring

A,

N

N
(0]

N

H3C CHj

CHj
HO

+

H3C CHj

CHg o

7o
O O

Quinoid ring




[j\ +
N7 TN
0P > e, HaC _CHy MO CHs |-
- o HO o
H =
-
N
CHg ﬁ
R0
7 SE
\
o) | _
F

1:1 Complex of risperidone—thymol blue
Fig 1.3 Reaction pathway for risperidone-thymol blue complex formation
1.5 Aim and Objectives
1.5.1 Aim
To develop and validate UV spectrophotometric methods for the determination of

risperidone in pure and tablet dosage forms

1.5.2 Objectives

Development of UV spectrophotometric methods for the determination of Risperidone.
Validation of the method developed.

Application of the developed methods in determination of risperidone in its pure form and

in tablet dosage forms.

1.6 Research Hypothesis
An accurate and precise method can be developed for the quantitative determination of

risperidone by formation of an ion-pair complex with bromocresol green or thymol blue.
6






CHAPTER TWO
2.0 LITERATURE REVIEW
2.1 Psychosis

2.1.1. Definition

An historical definition of schizophrenia probably began 100 years ago, with the German
psychiatrist Emil Kraepelin's description of a type of dementia that was characterized as a
severe, chronic mental disorder without known external causation wherein functional
deterioration progresses with the symptoms of hallucinations, delusions, thought disorder,
incoherence, blunted affect, negativism, stereotyped behavior, and lack of insight. The
deterioration progresses to catatonia and hebephrenia (illogical, incoherent, and senseless
thought processes and actions, delusions, and hallucinations). Eugen Bleuler, a Swiss
psychiatrist later coined the term “schizophrenia” to take into account the perceived
“schism” or splitting in mental functioning (Booth, 2008).

A modern definition of schizophrenia comes from the diagnostic and statistical manual of
mental disorders (DSM) published by the American Psychiatric Association. The
diagnostic criteria for schizophrenia require two or more of the following characteristic
symptoms to be present for a significant proportion of time during a 1-month period:
delusions, hallucinations, disorganized speech, or grossly disorganized or catatonic
behavior. There is, however, flexibility in the diagnostic criteria that leaves room for
professional psychiatric judgment. Continuous symptoms must persist for 6 months.
Finally, before a diagnosis of schizophrenia is made, mood disorders as well as,

drug/alcohol abuse or other medical conditions must be ruled out (Booth, 2008).



Five percent of people aged over 65 and 20% of those over 80 have dementia, a number
that continues to increase as the age of the population increases (Ballard et al, 2012).
Psychoses are psychogenic mental disorders involving a loss of contact with reality. The
psychotic disorders include schizophrenia, the manic phase of bipolar (manic—depressive)
illness, acute idiopathic psychotic illness, and other conditions marked by severe agitation.
The most common is schizophrenia, in which perception, thinking, communication, social
functioning, and attention are altered. It characterized mainly by a clear sensorium but a
marked thinking disturbance. Symptoms are called positive (e.g., delusions, hallucinations)
or negative (e.g., flat affect, apathy) and cognitive dysfunction may occur (Shengquan,

2011).

2.1.2 Aetiology of schizophrenia

Epidemiological evidence suggests that individual variation in susceptibility to
schizophrenia involves alleles of moderate to small effect in multiple genes. Furthermore,
environmental causative factors have been suggested based on prenatal and perinatal risk
factors for brain damage (Booth, 2008).

Psychoses can be organic and related to a specific toxic chemical (e.g., delirium produced
by central anticholinergic agents), an N-methyl D-aspartate (NMDA) receptor antagonist
(e.g., phencyclidine [PCP]), a definite disease process (e.g. dementia), or they can be
idiopathic (Shengquan, 2011).

Neuroanatomical hypotheses include increased ventricular volume; however,
neuropathological changes associated with schizophrenic brains are not obvious as

compared to Parkinson's disease. Alterations of brain dopaminergic neurotransmission



revolves around the “dopamine hypothesis” of schizophrenia which came up due to the
observations that the first relatively safe and effective antipsychotic drugs, the
phenothiazines, such as chlorpromazine, used in the early 1950s affected brain dopamine
metabolism. Simply, the dopamine hypothesis of schizophrenia suggests that schizophrenia
results from increased dopaminergic neurotransmission and that which approaches to
decrease dopaminergic neurotransmission will alleviate psychotic symptoms (Booth,
2008).

A view has been proposed that 5-HT,a receptors are involved in part (the negative
symptoms) or wholly in schizophrenia. One result of the development of atypical
antipsychotics has been a renewed interest in models of psychosis other than the
amphetamine model. Interest in serotoninergic involvement is still high and involves
elucidating the roles of 5-HTs and 5-HT7 receptors (Shengquan, 2011).

There is also interest in understanding the psychosis produced by several central
anticholinergics. Muscarinic (M1 and M) agonists appear to offer the best approach at this
time. The role of the Ms receptor awaits synthesis of Ms-specific drugs (Shengguan, 2011).
PCP (an NMDA antagonist)-induced psychosis has been proposed as a superior model for
schizophrenia, because it presents both positive and negative symptoms. It suggests that

deficits in glutaminergic function occur in schizophrenia (Shengquan, 2011).

2.1.3. Treatment of schizophrenia and related psychoses
The most widely used class of drugs in the treatment of psychotic disorders is the so-called
neuroleptics which suppress movement as well as behavior. They are characterized by the

production of extra-pyramidal symptoms which are reversible on discontinuing or

10



decreasing the dose of the drug and are associated with blockade of dopamine at D, striatal
receptors. Neuroleptics provide calming, mood-stabilizing, and antihallucinatory effects.
Chemical classes of neuroleptics include the phenothiazines, thioxanthenes, and
butyrophenones (Booth, 2008; Shengquan, 2011).

Typical antipsychotics began with the serendipitous discovery of the antipsychotic activity
of chlorpromazine. A clear association between the ability to block dopamine at
mesolimbic D, receptors was established. The dibenzodiazepines and benzisoxazoles are
examples of atypical neuroleptics that have less potential for extrapyramidal side effects
and have activity at brain serotonin 5-HT,, adrenergic o1/ o, abd/ or histamine H;

receptors, in addition to dopamine receptors (Booth, 2008).

2.2 Risperidone

2.2.1. Overview

Risperidone is a second-generation atypical antipsychotic drug for the acute and long-term
treatment of patients with schizophrenia. It is a dopamine antagonist possessing anti-
serotonergic, anti-adrenergic and anti-histaminergic properties (Hardman et al., 2001). It
was developed by Janssen-cilag from 1988-1992 as an improvement from the typical
antipsychotic and first approved by the FDA in 1994. Risperidone became available as a
generic drug in October 2008 from Teva Pharmaceuticals and Patriot Pharmaceutics. The
Patriot generic is Janssen Pharmaceutical's "authorized generic pharmaceutical”

(www.naminh.org).

11



2.2.2 Physical properties
Risperidone is a white or almost white powder, freely soluble in methylene chloride,
methanol, acetonitrile, dimethylformamide (DMF), dilute 0.1 N HCI; sparingly soluble in

alcohol but insoluble in water. It shows polymorphism (USP/NF, 2006; BP, 2009).

2.2.3 Chemistry of risperidone

Risperidone (Risperdal®, a benzisoxazole) has the structural features of a hybrid molecule
between a butyrophenone antipsychotic and a trazodone-like antidepressant (Shengquan,
2011). It forms crystals from DMF + propanol (O’ Neil, 2013). It is a heterocyclic
compound having nitrogen and oxygen in addition to carbon atoms as members of its rings.

It consists of a pyrimidine, a piperidine and a benzisoxazole ring (Harikrishna et al., 2008).

/N CH,4
(;N( T benzisoxazole
N—
O O

"/ N

butyrophenone-like

_—

Risperidone (R = H)
Risperidone active metabolite (R = OH)

Fig 2.1 Chemistry of Risperidone
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Risperidone (active metabolite)
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Fig 2.2 Analogues of Risperidone

2.2.4 Benzisoxazole and benzisothiazole derivatives

Neuroanatomical and neurophysiologic interactions between dopaminergic and
serotonergic systems, together with evidence that several benzazepine-type antipsychotic
agents (e.g., clozapine and olanzapine) have high affinity for 5-HT,a receptors, led to the
proposal that combination D,/Ds-HT,a antagonists may produce atypical antipsychotic
effects (Busatto and Kerwin, 1997). Combination of the chemical features present in the
potent benzamide D, antagonists (e.g., remoxipride) with those of the benzothiazolyl
piperazine 5-HT,5 antagonists (e.g., tiospirone) led to the development of the 3-(4-
piperidinyl)-1, 2-benzisoxazole nucleus present in the 5-HT,a/D, antagonist risperidone
and ziprasidone, which also have relatively high affinity at histamine H; and adrenergic

aa/0p receptors (Booth, 2008).

13



2.2.5 Laboratory synthesis

Risperidone was first synthesized by the condensation of 6-fluoro-3-(4-piperidinyl)-1,2-
benzisoxazole and 3-(2-chloroethyl)-6,7,8,9-tetrahydro-2-methyl-4H-pyridol[1,2-
a]pyrimidin-4-one in dimethylformamide (DMF) in basic conditions (sodium or potassium
carbonate; Na,COs/ K,COs3) with catalytic amount of potassium iodide (KI). The crude
risperidone product is crystallized from a mixture of DMF and isopropanol with an overall

yield of 46% (O’Neil, 2013).

N °
\ O
F I cl
N
+ | K,CO,,KI, DMF, 12 hrs,
HN N — >
N CH, stirring at 85-90°C

6-fluoro-3-(4-piperidinyl)-1,  3-(2-chloroethyl)-6, 7, 8, 9-
2-benzisoxazole tetrahydro-2-methyl-4H-pyridol
[1, 2-a]pyrimidin-4-one

I N—o

Risperidone

Fig 2.3 Synthesis of risperidone
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2.2.6 Mechanism of action

Risperidone has antiserotogenic effects. It is proposed that the 5-HT,a antagonist activity of
risperidone uninhibits dopaminergic neurotransmission in the striatun and cortex, reducing
the severity of D, antagonist induced extra-pyramidal side effects and alleviating negative
symptoms of schizophrenia while maintaining a blockade of limbic system D, receptors

(Kapur and Remington, 1996).

2.2.7 Side effects of risperidone

Common side effects include akathisia, anxiety, dysphoria, insomnia, low blood pressure,
muscle stiffness, muscle pain, sedation, sexual dysfunction, tremors, increased salivation
and stuffy nose. Risperidone has been associated with minimal to moderate weight gain,
occasionally breast tenderness and eventually lactation in both genders may occur

(Hardman et al., 2001).

2.2.8 Drug interactions

Polypharmacy is a necessary condition for the optimal treatment of many patients with co-
morbid psychiatric and mental illnesses. One concern raised by the wide spread use of
multiple concurrent pharmacotherapies is the potential for drug-drug interactions to
adversely affect patient outcome. Controlled studies and case reports indicate that
risperidone has a low potential for metabolic drug interactions. Drugs that inhibit CYP,Dg
or induce or inhibit CYP3A,; may alter risperidone plasma concentrations, but the clinical

significance of such interactions seem to be minimal (DeVane and Nemeroff, 2001).
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2.2.9 The place of risperidone in antipsychotic therapy

Risperidone has lesser side effects compared with haloperidol at dosage of 6 mg/day or less
which has contributed to its very widespread use. It has benefited refractory psychotic
patients. Coexisting anxiety and depressive syndromes were also lessened. It is reported to
decrease the negative as well as the positive symptoms of schizophrenia. Risperidone is
metabolized fairly quickly in the liver by CYP;Ds to an active metabolite, 9-
hydroxyrisperidone which is equipotent to risperidone. Therefore, the potential for nausea
as observed with antipsychotics subsides usually in two to three hours while the metabolite

lingers in the body for much longer (Hardman et al., 2001).

2.3 Quantitative Determination of Risperidone

2.3.1 Non- UV analytical techniques

Numerous analytical techniques have been reported for the determination of risperidone.
The first method reported for the determination of risperidone was an HPLC method
(Woestenborghs et al., 1992). They presented an HPLC method for the determination of
risperidone and its major metabolite 9-hydroxyrisperidone in plasma, urine and animal
tissues. After the first HPLC method reported in 1992, there was a lull in the development
of HPLC techniques for the determination risperidone. It however picked up in 1999 with a
rapid HPLC method developed by Balant-Gorgia et al. (1999). Subsequently, a
simultaneous determination of paroxetine, risperidone and 9-hydroxyrisperidone in human
plasma by HPLC with coulometric detection was reported by Schatz and Saria (2000). A
method for the simultaneous determination of clozapine, olanzapine, risperidone and

quetiapine in plasma by HPLC-electrospray ionization mass spectrometry was reported by
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Zhou et al. (2004). Also reported were, an HPLC and thin layer densitometric methods for
the determination of risperidone in the presence of its degradation products in bulk powder
and in tablets (EI-Sherif et al., 2005), an HPLC-MS/MS method for the determination of
risperidone in human plasma by and its application to a pharmacokinetic study in chinese
volunteers (Huang et al., 2008) and an automated HPLC with column-switching and
ultraviolet detection for the analysis of risperidone and 9-hydroxyrisperidone (Kirschbaum
et al., 2008). A gas chromatographic (GC) technique (Schubert, 1996), an electrophoresis
technique (Pucci et al., 2000), a chemiluminescence method (Song and Wang, 2004) and a
pulse polarography method (Joshi et al., 2006) were also reported.

Meanwhile, several liquid chromatography (LC) techniques were also developed. Three
research works were carried out in 2000 describing two LC- electrospray tandem
spectrometry methods (Aravagiri and Mander, 2000; McClean et al., 2000) and a reversed-
LC with ultraviolet detection (Avenoso et al., 2000). Subsequently, an LC-MS method for
the determination of risperidone and its active metabolite 9- hydroxyrisperidone in human
plasma was developed and validated by Zhang et al. (2005) and an LC-tandem mass
spectrometry method for simultaneous determination of risperidone and its active
metabolite 9- hydroxyrisperidone in human plasma was reported by Bhatt et al. (2006).
Also, a LC-tandem mass spectrometry method for the simultaneous determination of
olanzapine, risperidone, 9-hydroxyrisperidone, clozapine, haloperidol and ziprasidone in
rat brain tissue was reported by Zhang et al. (2007). Other LC methods presented were; a
reverse phase liquid chromatographic method for the estimation of risperidone in tablet

dosage forms (Baldaniya et al., 2008); a liquid chromatography method with
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electrochemical detection (Locatelli et al., 2009) and a thin layer chromatography (TLC)-

densitrometric assay (Maalanka et al., 2009).

2.3.2 UV analytical techniques

Simple spectrophotometric methods have been reported using 0.1N hydrochloric acid
(Kumar et al., 2010; Kulkarni et al., 2012; Roge et al., 2013; Kutty et al., 2013) and 0.1N
sodium hydroxide (Kutty et al., 2013). Visible spectrophotometric methods have also been
reported. These include the formation of ion pair complexes with methyl orange and orange
G (Hassan, 2008); ternary complex formation between cobalt thiocyanate and risperidone
(Hassan, 2008); formation of an ion pair complexes of risperidone and bromophenol blue
or phenol red (Deepakumari et al., 2013); oxidative coupling of risperidone with 3-methyl-
2-benzothiazolinone hydrazone (MBTH) in presence of ferric chloride dissolved in HCI
and formation of apple green chromogen (Archana et al., 2013); oxidation of risperidone
using chloramine-T (CAT) and the excess oxidant is determined by either xylene cyanol FF
(XCFF) or malachite green (MG) (Narayana and Shetty, 2011); charge transfer
complexation reactions between risperidone as n-electron donor and p-chloranilic acid (p-
CA) and 2,3-dichloro-5,6-dicyano-1,4-benzoquinone (DDQ) as m-acceptors (Deepakumari
and Revanasiddappa, 2013); charge—transfer reactions of risperidone as electron donor,
with  7,7,8,8,-tetra-cyanoquinodimethane  (TCNQ) , 2,3-dichloro-5,6-dicyano-1,4-
benzoquinone (DDQ) , tetracyanoethylene (TCNE) and chloranilic acid (CA) as =n-

acceptors to give colored complexes (Hassouna and Zaki, 2014).
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2.4 Principles of UV Spectroscopy
2.4.1 Introduction
The absorption of electromagnetic radiation of wavelengths between 200 and 800 nm by
molecules which have & electrons or atoms possessing unshared electron pairs can be
employed for both qualitative and quantitative analysis; as such, it is known as
spectrophotometry. As a wide variety of pharmaceutical substances absorb radiation in the
near-ultraviolet (200-380 nm) and visible (380-800 nm) regions of the electromagnetic
spectrum, the technique is widely employed in pharmaceutical analysis (Miyawa and
Schulman, 2002).
The relationship between the concentration of analyte and the intensity of light absorbed is
the basis of quantitative applications of spectrophotometry. In addition, features of
absorption spectra such as the molar absorptivity, spectral position, and shape and breadth
of the absorption band are related to molecular structure and environment and therefore can
be used for qualitative analysis (Miyawa and Schulman, 2002).
The absorption of near-ultraviolet or visible light by molecules occurs as a result of the
interaction of the electric field associated with a light wave or photon with molecular
electrons. The intensity, position in the spectrum, and appearance of the spectral band
produced by this interaction depends on the energies of the molecular electrons and their
dynamic characteristics with respect to the rest of the molecule (Miyawa and Schulman,
2002).
Two or more chromophoric groups in the molecule often enhance one another’s effect, to
deepen the color by displacing the absorption maximum (Amax) towards longer wavelengths

(from the ultraviolet towards the red). This is called bathochromic or red shift. The
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displacement of the absorption maximum from the red towards the ultraviolet is known as a
hypsochromic or blue shift. The color of a molecule may be intensified by substituents
called auxochromic groups. These groups may also affect bathochromic shifts. The color
determining factor in a number of molecules is the introduction of conjugation of double
bonds by means of electron donor and electron acceptor groups. The quantitative
applicability of the absorption method is based on the fact that the number of photons
absorbed is directly proportional to the number or concentration of atoms, ions or
molecules (Blaedel and Meloche, 2001).

It has been established that the absorption and emission of energy in the electromagnetic
spectrum take place in distinct separate pockets (photons). The relationship existing
between the energy of a photon and the frequency matching its propagation is expressed as:
E=hv

where, E = Energy (in ergs),

v = Frequency (in cycles sec— 1)

h = Universal constant termed as Planck’s constant (6.6256 x 10— 27 erg sec).
However, the relationship between wavelength and frequency may be expressed as follows:
v=C/A
where, A = Wavelength (in cms),

¢ = Velocity of propagation of radiant energy in vacuum (equivalent to 2.9979 x
10" cmsec™ ).
The radiant power of a beam is designated by its intensity of radiation, which in turn is
directly proportional to the number of photons per second that are propagated in the beam

(Kar, 2005).
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2.4.2 Molecular electronic structure

Electronic absorption spectra originate with the excitation of the electrons which form the
bonds holding the molecule together. A chemical bond originates from the overlap of
occupied atomic orbitals. The geometry of the overlap classifies the type of chemical
bonding, and the occupancy of the molecular orbital is governed by the Pauli Exclusion
Principle (i.e., a maximum of two electrons can occupy one orbital). In o bonds the overlap
of two atomic orbitals occurs along the line joining the nuclei of the bonded atoms.
Electrons engaged in o bonding are usually bound strongly, and considerable energy is
required to promote these electrons to vacant molecular orbitals. This means that
absorption spectra involving c-electron excitations occur well into the vacuum ultraviolet
(<200 nm) (Miyawa and Schulman, 2002).

Pi- (m) bonds are formed by the overlap of two atomic orbitals at right angles to the line
joining the nuclei of the bonded atoms. m bonding is weaker than o- bonding and
consequently, m-electrons are higher in energy than o-electrons. In a =-bond, the
distribution of electronic charge is concentrated above and below the plane containing the
o- bond axis. If several atoms are o-bonded in series, and each has a p orbital with the
proper spatial orientation to form a m-bond with the others, a set of n-orbitals is formed
which is spread over the entire series of atoms. These n-orbitals are said to be delocalized
or conjugated. In some cyclic organic molecules, n-delocalization may extend over the
entire molecule. These compounds are said to be aromatic, and they comprise the largest
group of substances of interest in absorption spectrophotometry (Miyawa and Schulman,

2002).
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Molecules containing delocalized n-electrons usually have m-electron spectra in the near-
ultraviolet (e.g., butadiene absorbs at 220 nm), while the super delocalized m-Systems, the
aromatic molecules, have m-electron spectra which range from the near-ultraviolet for small
molecules to the near-infrared for large ones (Miyawa and Schulman, 2002).

In all atoms of the periodic table which have more than four electrons in the valence shell
(e.g., nitrogen), there are electrons in the valence shell which are already paired. These
electrons are unavailable for conventional covalent bonding and yet have energies
comparable to other electrons in the same shell. Consequently, they are called nonbonding
or n-electrons. Because the n-electrons are higher in energy than either the o- or m-
electrons, they must be considered as potential contributors to the spectral features of
molecules possessing them (Miyawa and Schulman, 2002).

In addition to the occupied molecular orbitals which comprise the chemical bonds of
molecules, each molecule has associated with it several higher-energy molecular orbitals
which are normally unoccupied. These are called anti-bonding orbitals. Anti-bonding
orbitals may have their electron density lying along the bonding axis and are then denoted
as o*-orbitals. Electronic absorption entails the promotion of an electron, by the absorption
of energy, from an originally occupied bonding or nonbonding orbital to an originally
unoccupied molecular orbital. The lowest possible electronic energy a molecule can have is
referred to as its ground electronic state and corresponds to the state having the
configuration in which all electrons are in the lowest energy orbitals available. Promotion
of an electron from an orbital which is occupied in the ground state to one which is
normally unoccupied in the ground state is called an electronic transition and results in the

formation of an electronically excited state of the molecule. Because there are several
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unoccupied orbitals in each molecule, several electronically excited states are possible
(Miyawa and Schulman, 2002).

The electronically excited states of organic molecules which absorb in the near-ultraviolet
and visible regions are created by the promotion of m-electrons to m*- orbitals and n-
electrons to m*- or o*-orbitals. The states resulting from these promotions are called 7, 7*-,
n, 7*-, and n, o*-states, respectively. The formation of , o*-states is also possible, but
because of the relatively low energies of the n- orbitals and the higher energies of the o*-
orbitals, transitions from the ground state to m, c*-sStates are invariably observable only in
the vacuum ultraviolet (at wavelengths less than 200 nm). Generally, the production of n,
o*-states is observable only in heteroatom-substituted, saturated compounds such as alkyl

mercaptans (Miyawa and Schulman, 2002).

0—0% o-m*  [M-0%  TM-m¥ N-o* n-m*
Fig. 2.4 Order of orbital energies (and approximate order of electronic transition

energies in a hypothetical unsaturated molecule containing a heteroatom with a non-
bonded electron pair (n))
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Table 2.1 Electronic transitions involving n, ¢ and = molecular orbitals

Transition Wavelength range Examples
o> 0* <200 C-C,C-H
n- ox* 160-260 H,0, CH3;0H, CH;Cl
T T * 200-500 C=C, C=0, C=N
n—mx* 250-600 C=0, C=N, N=N, N=0

2.4.3. Electronic absorption spectra

The electronic absorption spectrum of a molecule is a graphical representation of the
intensity of light absorbed in producing electronic transitions in the molecule as a function
of the frequency of the light. In regions where the intensity of light absorbed is high, strong
absorption bands are said to occur. Most absorption spectra recorded on commercial
scanning spectrophotometers are represented as absorbance versus wavelength. In the
ground electronic state, nearly all absorbing molecules occupy the lowest vibrational
sublevel. However, if the absorbing sample is scanned over a wide range of UV or visible
wavelengths, excitation to some or all of the various vibrational sublevels of the terminal
excited electronic state will occur over a fairly broad wavelength region in the spectrum,

giving rise to an absorption band rather than a line (Miyawa and Schulman, 2002).

2.4.4 Factors influencing absorption of radiant energy
(a) Absorbing groups (Chromophores)

(b) Solvent effects

(c) Effect of temperature

(d) Inorganic ions
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2.4.4.1 Absorbing groups (Chromophores)

A ‘chromophore’ is a group which when attached to a saturated hydrocarbon produces a
molecule that absorbs a maximum of visible of UV-energy at some specific wavelength
(Kar, 2005). The energy gap between the highest occupied orbital (lone pair) and the
lowest unoccupied orbital of the substituted molecule is thus lower than the corresponding
gap of the unsubstituted molecule, and as a result, the absorption spectrum of the
substituted molecule lies at longer wavelengths than that of the parent molecule. The
introduction of a second substituent into an aromatic ring may have a very small or a very
dramatic effect on the positions of the absorption bands. If both substituents are electron
donors or electron acceptors, the effect of the second substituent will usually be rather
small. If the two substituents are not identical, the electron donor with the highest-energy
lone pair will dominate the spectrum (Miyawa and Schulman, 2002).

2.4.4.2 Solvent effects

The absorption spectrum of a pharmaceutical substance depends partially upon the solvent
that has been employed to solubilize the substance. A drug may absorb a maximum of
radiant energy at a particular wavelength in one solvent but shall absorb practically little at
the same wavelength in another solvent (Kar, 2005).

2.4.4.3 Effect of temperature

Low temperatures offer sharper absorption bands of many pharmaceutical substances than
at room temperature. Vibrational resolutions are definitely well-defined at low
temperatures because fewer vibrational levels are occupied and the degree of solute-solvent

interaction is minimized (Kar, 2005).
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2.4.4.4 Inorganic ions

The chromophoric entities present in the inorganic compounds either involves several
atoms such as permanganate (MnO, ) and dichromate (Cr,O;) moieties or single atoms
having incomplete outer d-electron shells where closely spaced, have abundant unoccupied
energy levels. Examples include coordination compounds with rare earths (e.g. Be, Sr, Ra)
and transition elements (Cr, Mn, Ni, Pt, Ag, Pd, Cd, Hg and Au). It is worthwhile to note
that the absorption spectra of these elements are caused due to a charge transfer process
whereby an electron gets transferred from one part of the ion to another. The inclusion of
readily polarizable atoms exerts an effect likewise to lengthening a conjugated chain (Kar,

2005).

2.4.5 Laws of light absorption
When an organic molecule is exposed to light of intensity I, some of the light is absorbed
and some transmitted (1). This brings about a decrease in the intensity of incident light due
to absorption. Absorbance (A) can be represented thus:

A= logao (1o/1)
Transmittance (T) can be represented thus:

T= (/1)
Lambert’s law relates the total absorption to the optical path length i.e.

A= logio (1o/1) = kI
Where |, is the incident light, | the transmitted light, | is the path length and k the
proportionality constant for a particular material at a particular wavelength of the light used

with the concentration kept constant.
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Beer’s law relates absorption to the absorbing solute, c, in solution

Log (1o/1) = ke (path length kept constant)
A combination of the two laws, Beer-Lambert law defines the absorbance of a solution of
substance as been related to the path length, | of a solution through which light passes and
to its concentration i.e.

A =¢cl

e =AJ/cl (Olaniyi, 2000).

2.4.6 Intensities of spectral bands

The intensity of an absorption band (the absorbance) is determined by the rate of transition
between the ground and excited states of the electronic transition giving rise to the band.
The rate of transition is determined by the intensity of exciting radiation, the path length of
exciting radiation through the sample, the concentration of potential absorbers in the
sample, and the probability that an absorptive transition will occur from the ground to an
excited state of the absorber. In quantitative analysis, it is the concentration of absorbers
that is of interest. However, the concentration of absorbers, the optical depth of the sample,
and the intensity of exciting radiation are experimentally controllable variables (Miyawa
and Schulman, 2002).

Absorbance is the unit for expressing the attenuation of radiation because it is a linear
function of the analyte’s concentration. When monochromatic radiation passes through an
infinitesimally thin layer of sample, of thickness b, it experiences a decrease in intensity.
The fractional decrease in intensity is proportional to the sample’s thickness and analyte’s

concentration, C; thus
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A=abC

Where a, is the analyte’s absoptivity with units of cm™ conc™. This equation is based on
Beer’s law. When concentration is expressed using molarity, the absoptivity is replaced by

the molar absoptivity, € with (units of cm™ M™)
A =¢bC

The absoptivity and molar absoptivity give, in effect, the probability that the analyte will
absorb a photon of given energy. As a result, values for both A and & depend on the

wavelength of radiation (Harvey, 2000).

2.4.7 Instrumentation

The basic spectrophotometer generally consists of a light source from which a given
wavelength or range of wavelengths is selected by a wavelength selection device
(monochromator). The radiation selected is directed through the analytical sample in
sample cells and the transmitted light monitored by a detector. The light intensity measured
by the detector is subsequently compared to that transmitted by a reference substance, the
ratio being displayed usually as an absorbance but less commonly as a percent

transmittance on a readout device (Miyawa and Schulman, 2002).

2.4.8 Instrument configuration
The simplest instrument configuration is the single-beam configuration, in which a single
light beam is transmitted from the source through the described modules to the detector. In

double-beam instruments the light beam emerging from the source is split into two separate
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beams for the sample and the reference paths, respectively. The double-beam instruments
have largely superceded the single beam instruments because in the double-beam
instruments it is possible to eliminate the instability and drift arising from temporal

differences in scanning the reference and sample cells (Miyawa and Schulman, 2002).
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Fig 2.5 Schematic diagram for the layout of a single-beam UV-visible spectrophotometer
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Fig 2.6 Schematic diagram for layout of a double-beam UV-visible spectrophotometer
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2.5 Dyes
2.5.1 Bromocresol green
Bromocresol green (Fig 2.7) belongs to the triphenylmethane family. It is used as a pH
indicator in acid-base titrations and in growth mediums of microorganisms. It is beige to
brown powder with a molecular mass of 698.01 g/mol and has a wavelength of maximum
absorption of 423 nm. It ionizes in aqueous solution to give the monoanionic form (yellow)
that further deprotonates at higher pH to give the dianionic form (blue) at a dissociation

constant of 4.8 (Diamond et al, 2008).

HO Br Br OH
SO
CH
H3C 3

Fig 2.7 Structure of bromocresol green

2.5.2 Thymol blue

Thymol blue (Fig 2.8) also known as thymolsulfonephthalein is a brownish-green crystal
powder also used as a pH indicator in acid-base titrations and in growth mediums of
microorganisms. It has a melting point of 221-224°C, insoluble in water but soluble in
alcohol and diluted alkali solutions. It has a molar mass of 466.59g/mol and two

wavelengths of maximum absorption i.e. at 594nm and 376nm (The Merck Index, 2006).
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Fig 2.8 Structure of thymol blue
CHAPTER THREE
3.0 MATERIALS AND METHOD
3.1 Materials

3.1.1 Drugs and reference standards
e Risperidone reference standard (supplied by Janssen- cilag)
e Drug A: Rispzen® tablets 2 mg
e Drug B: Amidrex® tablets 2 mg
e Drug C: Zespidone® tablets 2 mg

e Drug D: Risperdal® tablets 2 mg

3.1.2 Equipment and glassware

e A double scanning UV/VIS spectrophotometer (Helios Zeta, Model 164617).

e Mettler AE 240 digital analytical balance, Mettler Instruments Limited, Switzerland.
e Beakers, 10, 50, 100 ml

e Glass funnel

e Pipettes, 1, 10 ml

e Volumetric flasks, 100 ml

e Whatman filter paper no. 41

e Spatula

e Hand gloves

3.1.3 Chemicals and reagents
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e Ethylacetate
e Methanol

e Dyes (Bromocresol green, Thymol blue)

3.2 Methods
3.2.1 Optimization of variables
3.2.1.1 Choice of solvent for risperidone stock standard solution
10 mg of risperidone was weighed and dissolved in 100 ml of acetone, methanol,

dichloromethane and ethylacetate to give a stock standard solution of 100 pg/ml. 0.5 ml of

0.1% dye was added to 1 ml of the each stock standard solution and the solution was made
up to the 5 ml mark. The absorbance was taken for each solution in the range 200-600 nm.
3.2.1.2 Choice of solvent for dyes

0.1 g of each of bromocresol green and thymol blue was measured and dissolved in 100 ml
of acetone, methanol and ethylacetate.

3.2.1.3 Determination of working concentration of dyes

From the 0.1% solution of dye, 0.125, 0.25, 0.5, 1 ml was measured and added to 1 ml of
risperidone stock solution. The solution was made up to the 5 ml mark and the absorbance
taken for each solution in the range 200-600 nm.

3.2.1.4 Determination of reaction time and stability of ion-pair complex

0.5 ml of 0.1% bromocresol green and 0.25 ml of thymol blue was added to 1 ml of
risperidone stock standard solution and scanned at 10 minutes, 15 minutes, 1 hour, and 2

hours in the range 200-600 nm.
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3.2.2 Preparation of solutions and reagents
3.2.2.1 Preparation of standard stock solution of risperidone

A stock standard solution equivalent to 100 pg/ml risperidone was prepared by dissolving

10 mg of the pure drug in 100 ml of ethylacetate.

3.2.2.2 Preparation of 0.1% bromocresol green

0.1 g of bromocresol green was weighed and dissolved in 5 ml of methanol and made up to
100 ml with methanol.

3.2.2.3 Preparation of 0.1% thymol blue

0.1 g of thymol blue was weighed and dissolved in 5 ml of methanol and made up to 100

ml with methanol.

3.2.3 Determination of A max

2 ml of stock standard solution of risperidone was measured into two separate 10 ml
beakers. 0.5 ml 0.1% bromocresol green was added to beaker one and 0.25 ml 0.1% thymol
blue was added to beaker two, and each made up to 5 ml with ethylacetate. The solution

was scanned on spectrophotometer in the range 200- 600 nm.

3.2.4 Determination of stoichiometry of ion-pair complex

The Job’s method of continuous variation of equimolar solutions was employed. Solutions
equivalent to 4.10 X 10 M risperidone in ethylacetate and 6.98 X 10° M bromocresol
green and 4.67 X107 M thymol blue in methanol were prepared. 1, 0.75, 0.5, 0.25 and 0 ml
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of bromocresol green and thymol blue were added separately to 0, 0.25, 0.5, 0.75 and 1 ml
of rispeidone respectively in a series of 10 ml beakers and made up to 5 ml with
ethylacetate. The absorbance was taken at 414 nm and 404 nm for bromocresol green and
thymol blue respectively and a plot of absorbance against mole fraction of the drug was

plotted.

3.2.5 Identification and assay of risperidone (Official methods)

3.2.5.1 Identification of risperidone

Risperidone was identified by using official method of infrared absorption
spectrophotometry (BP, 2009).

3.2.5.2 Assay of risperidone

To determine purity of reference standard, 0.160 g of risperidone was dissolved in 70 ml of
a mixture of 1 volume of anhydrous acetic acid and 7 volumes of methyl ethyl ketone and
titrated with 0.1 M perchloric acid. The end-point was determined potentiometrically. 1 ml

of 0.1 M perchloric acid is equivalent to 20.53 mg of C,3H»7;FN4O, (BP, 2009).

3.2.6 Calibration curves

3.2.6.1 Preparation of calibration curve for method 1

Aliquots of stock standard solution, 0.2, 0.4, 0.6, 0.8, 1.0 ml of risperidone were transferred
into a series of 10 ml calibrated flask. To this, 0.5 ml of 0.1% bromocresol green was
added, and the contents were diluted to the 5 ml mark with ethylacetate to give a

concentration of 4, 8, 12, 16, 20 ng/ml of risperidone. The absorbance of the ion-pair

complex was measured at 414 nm against the reagent blank prepared similarly but without
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drug content. The amount of risperidone in the pure sample and tablets was computed from
the concurrent regression equation of the calibration curve.

3.2.6.2 Preparation of calibration curve for method 2

Aliquots of stock standard solution, 1, 1.25, 1.5, 1.75, 2.0 ml of risperidone were
transferred into a series of 10ml calibrated flask. To this, 0.25 ml of 0.1% thymol blue was
added, and the contents were diluted to the 5 ml mark with ethylacetate to give a

concentration of 20, 25, 30, 35, 40 pg/ml of risperidone. The absorbance of the ion-pair

complex was measured at 414 nm against the reagent blank prepared similarly but without
drug content. The amount of risperidone in the pure sample and tablets was computed from

the concurrent regression equation of the calibration curve.

3.2.7 Validation of methods

3.2.7.1 Precision

The precision of the method was checked by replicate analysis of the calibration curve
responses determined. This was done by taking five replicates of 3 concentrations (low,
medium, high) off the calibration curve (intra-day precision) and three replicates of 3
concentrations (low, medium, high) off the calibration curve (inter-day precision). The
percentage coefficient of variation (% CV) for the replicate analysis is calculated thus:

% CV = S/X x 100

Where S is the standard deviation and X is the mean

The percentage relative error (% Er) was also calculated as follows

% Er=X-u/ux100

Where X is the mean and p is the expected value
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3.2.7.2 Accuracy

The accuracy of this method was checked by the recovery method via the standard addition
method and by comparison with a reference method as reported in the BP (2009).

Recovery method (method 1): The recovery method was carried out by having four 5 ml
beakers each containing 1 ml of 20 pg/ml drug concentration. Flask 1 was left untouched
but 0.2, 0.6 and 1 ml of the standard stock solution were added in flask 2, 3 and 4
respectively and made up to the 5 ml mark with ethylacetate to obtain concentrations 24, 32
and 40 pg/ml respectively. The absorbance of each solution was measured and the drug
content was determined by subtracting the absorbance of the starting 20 pg/ml
concentration from that found in each of the respective concentrations and extrapolating the
final concentration from the calibration curve (Deepakumari and Revanasiddapa, 2013).
Recovery method (method 2): The recovery method was carried out by having three 5 ml
beakers each containing 1ml of 10 pg/ml drug concentration. Flask 1 was left untouched
but 1 ml and 1.5 ml of the standard stock solution were added to flask 2 and 3 and made up
to 5ml with ethylacetate to obtain concentrations 30 and 40 pg/ml respectively. The
absorbance of each solution was measured and the drug content was determined by
subtracting the absorbance of the stating 10 pg/ml concentration from that found in each of
the respective concentrations and extrapolating the final concentration from the calibration
curve (Deepakumari and Revanasiddapa, 2013).

The percentage recovery via the recovery method was computed using the formula:

% Recovery = measured concentration / added concentration x 100
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The average of these determinations was taken as the percentage recovery. Simple dilution
method was adopted in determining the actual quantities that were taken from the stock
solution. The dilution formulas that were used are as follows:

CiV1=CV,

CiV1 + (CV2) = C3V3

Comparison with reference (BP) method

Reference method was carried out (as described in section 3.2.4) on each of the four brands
of risperidone tablet. The two methods developed were also used to analyze the four brands
and the three methods were compared statistically using the t-test.

3.2.7.3 Specificity

This was determined by interference studies in which 0.001 g of lactose, 0.0001 g of
sodium lauryl sulphate and 0.0009 g were added to three beakers each containing 1 ml of
stock standard solution. 0.5 ml of 0.1% bromocresol green was added and made up to the 5

ml mark with ethylacetate to give a concentration of 20 ug/ml. The absorbance was taken at

414 nm and 404 nm for methods 1 and 2 respectively.

3.2.7.4 Limit of detection

The limit of detection (LOD) was determined by studying the calibration curves using
samples in the range of LOD containing the drug in the concentrations of 4, 8, 12 16 and
20.0 pg/ml (bromocresol green) and 20, 25, 30, 35 and 40 pg/ml (thymol blue). The
standard deviation of y-intercepts of the regression lines was used as standard deviation.
LOD is expressed as:

LOD=330/S
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Where o is the standard deviation of y-intercepts of the regression lines and S is the slope
of the calibration curve.

3.2.7.5 Limit of quantification

The limit of quantification (LOQ) was determined using the expression:

LOQ=100/S

Where o is the standard deviation of y-intercepts of the regression lines and S is the slope

of the calibration curve.

3.2.8 Assay of risperidone tablets using developed methods

Twenty tablets were grounded into fine powder and the quantity of powder equivalent to 10
mg of risperidone was weighed accurately into a 100 ml calibrated flask and 10 ml of
ethylacetate was added. The content was shaken for 30 minutes, made up to the 100 ml
mark with ethylacetate, mixed well and filtered using a Whatman No.41 filter paper. The
filtrate containing risperidone was subjected to analysis after suitable dilutions by adding
0.5 ml of bromocresol green, making up to 5 ml with ethylacetate and taking the
absorbance at 414 nm. In method 2, 0.25 ml of thymol blue was used instead and the

absorbance was taken at 404 nm.
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CHAPTER FOUR
4.0 RESULTS
4.1 Optimization of Variables.
Ethylacetate was adopted as solvent for risperidone because of its higher sample
absorbance when compared to other solvents (Table 4.1) while methanol was adopted as
solvent for the dyes because they are both soluble in it (Table 4.2). 0.5 ml and 0.25 ml of
bromcresol green and thymol blue respectively were found to be the concentrations at
which the highest sample absorbances were gotten (Table 4.3) and thus adopted as working
concentrations. Finally, 10 minutes was found to be sufficient for the formation of ion-pair
complexes between risperidone and the dyes and the complex was found to be stable for up

to 2 hours.

Table 4.1 Choice of solvent for risperidone

Solvent (risperidone) Sample absorbance (A)
Acetone 0.1
Dichloromethane 0.4
Ethylacetate 0.6
Methanol 0.2

Table 4.2 Choice of solvent for dyes

Solvent Solubility
Ethylacetate BCG: Soluble
TB: Insoluble
Acetone BCG: Soluble
TB: Insoluble
Methanol BCG: Soluble
TB: Soluble
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Table 4.3 Choice of dye concentration

Volume (ml) 0.125 0.25 0.5 1.0
SAMPLE ABSORBANCE(A)
Bromocresol green 0.05 0.1 0.6 0.3
Thymol blue 0 0.175 0.160 0.150

4.2 Stoichiometry of lon-pair Complex
The Job’s method of continuous variation graphs (Fig 4.1 and 4.2) for the reaction between
risperidone and bromocresol green or thymol blue respectively, shows that the reaction

occurs on an equimolar basis via the formation of an ion-pair complex in the ratiol:1.
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Fig 4.1 Job’s plot for risperidone: bromocresol green ion-pair complex
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Fig 4.2 Job’s plot for risperidone: thymol blue ion-pair complex

4.3 Calibration Curves
The calibration curves (Fig 4.3 and 4.4) for the quantitative determination of risperidone
obeyed the Beer-Lambert’s law. The linear relationship between absorbance (y) and
concentration (x in pg/ml) gives the regression equation y = a + bx. Calibration parameters

were extrapolated from the calibration curve (Table 4.4).
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Table 4.4 Calibration parameters

Parameter Bromocresol Thymol
green blue

Wavelength of maximum absorption 414 404

(nm)

Linear range (ug/ml) 2-20 20-40

Molar absorptivity (L/mol x cm) 2.32 x 10° 1.17 x 10°

Sandell’s sensitivity (ng/cm?) 0.3455 0.3333

Correlation coefficient (r) 0.994 0.995

Intercept (a) 0.020 -0.008

Slope (b) 0.055 0.027

4.4 Validation of Methods

The accuracy, precision, specificity percentage recoveries, limit of detection and limit of

quantification for the two methods are shown in table 4.5.

Table 4.5 Validation parameters

Parameter Bromocresol green Thymol blue
Precision (% CoV) 4.6 7.1
Accuracy (% RE) 1.4 1.2
Accuracy: % Recovery 101.5 99.7
(standard addition method)

Specificity:% Recovery 100.9 99.9
(interference studies)

Limit of detection (ng/ml) 1.27 7.00

Limit of quantification (ug/ml) 3.84 21.15
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4.5 Assay of Risperidone Tablets
The assay results of the risperidone tablets for both the developed methods and the British

Pharmacopoeial method are shown in table 4.6.

Table 4.6 Assay results (Percentage recovery of risperidone in tablets)

Brands Reference method X Bromocresol Thymol
(BP 2009) green blue
Rispzen® (%) 102.7 102.3 97.0
Amidrex® (%) 102.7 99.8 97.0
Zespidone® (%) 62 67.6 62.8
Risperdal® (%6) 102.7 98.8 97.3

4.6 Statistical Analysis
The outcome of the statistical analysis of the assay of the risperidone tablets is presented

below in table 4.7.

Table 4.7 Statistical analysis of assay results (p < 0.05)

Brands Methods X & A Methods X & B Methods A & B
Rispzen® (%) 0.08 1.14 1.06
Amidrex® (%) 0.58 1.14 0.56
Zespidone® (%) 1.12 0.16 0.96
Risperdal® (%) 0.78 1.08 0.30
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CHAPTER FIVE
5.0 DISCUSSION

The choice of ethylacetate, which has a high sample absorbance, is affordable and readily
available conferred on the methods developed- advantages over the method reported by
Deepakumari et al. (2013) where dichloromethane was used as solvent for risperidone.
Akachukwu et al. (2013) and Archana et al. (2013) used methanol as solvent for
risperidone. However, from the result of the optimization of variables, methanol gave a
lower sample absorbance of 0.2 A as against that of ethylacetate which was 0.6 A.
Deepakumari et al. (2013) adopted acetone has solvent for the dyes. Thymol blue was not
soluble in acetone but was soluble in methanol which informed the choice of methanol in
this research work.

The concentration of dyes used in the analysis of risperidone was varied with the aim of
obtaining a spectrum that depicts the highest sample absorbance. 0.125, 0.25, 0.5 and 1 ml
of the dyes was used. It was discovered that 0.5 ml of bromocresol green and 0.25 ml of
thymol blue gave the highest sample absorbance. Hence, these concentrations were
employed. The concentrations adopted are similar to those employed in previous methods
developed that employed the use of dyes (Hassan, 2008; Deepakumari et al., 2013).

The reaction time was found to be within 10 minutes and the ion-pair complex was stable
for up to 2 hours. This makes the methods developed easy to conduct and confers on it
flexibility as the ion-pair complex can be kept for a while before carrying out the analysis.
The reaction times adopted are similar to those employed in previous methods developed

that employed the use of dyes (Hassan, 2008; Deepakumari et al., 2013). However,
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Hassouna and Zaki (2014) reported a reaction time of 20 minutes for the charge-transfer
reaction between risperidone and tetracyanoethylene (TCNE).
The calibration curve for the complexes obey the Beer-Lambert’s law (linearity) within the

range of 0-20 ug/ml for bromocresol green and 20-40 pg/ml for thymol blue. However,

further analysis showed that the limit of this law is 60 pg/ml and 40 pg/ml for bromocresol

green and thymol blue respectively. Hassan (2008) reported a linearity of 0.1-12 pg/ml and

0.5-11 pg/ml for methyl orange and orange G respectively while Deepakumari et al. (2013)

reported 0.5-10 pg/ml and 0.5-25 pg/ml for bromophenol blue and phenol red respectively.

The two methods were validated using the ICH (2005) guidelines. The precision (% CoV)
for the two methods was 4.6 and 7.1 for bromocresol green and thymol blue respectively.
The relatively low percentages of coefficient of variation (% CoV) which are within the
acceptable limit of < 15 % CoV, show the precision of the methods. The percentage
relative errors (% RE) were 1.4 and 1.2 for bromocresol green and thymol blue
respectively. This is within the range of 1-5 % and portrays the accuracy of the methods
(Harvey, 2000). Hassan (2008) reported % RE of 1.01 and 1.11 for methyl orange and
orange G respectively while Deepakumari et al. (2013) reported 1.32 and 0.42 for
bromophenol blue and phenol red respectively. The two methods also exhibited good
recoveries in the standard addition method (101.5 and 99.7 % respectively) and
interference studies (100.9 and 99.9 % respectively). Hassan (2008) reported percentage
recoveries of 149 and 152 % for methyl orange and orange G respectively while
Deepakumari et al. (2013) reported 101.06 and 100.92 % for bromophenol blue and phenol

red respectively. This shows that the methods have good accuracy and specificity. The
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limits of detection were 1.27 and 7.00 pug/ml while the limit of quantification were 3.84 and
21.15 pg/ml for bromocresol green and thymol blue respectively.

The percentage recovery of risperidone in tablets using the two methods developed fell
between the range of official limits of the BP (2009) (97.5- 102%) and IP (2006) (97-
103%) except for Zespidone® which fell below the official limits for both the reference and
developed methods. Hassan (2008) reported percentage recoveries of 99.3 % for both
methyl orange and orange G while Deepakumari et al. (2013) reported 101.06 and 101.54
% for bromophenol blue and phenol red respectively on analysis of different brands of

risperidone.
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CHAPTER SIX
6.0 CONCLUSION
In conclusion, the two spectrophotometric methods developed for the determination of
risperidone in pure and tablet dosage forms have been validated and there is no significant
difference (P < 0.05) between the two methods and the reference BP (2006) method.
Therefore, it can be concluded that an accurate and precise method has been developed for
the quantitative determination of risperidone by formation of an ion-pair complex with

bromocresol green or thymol blue; thus accepting the research hypothesis.
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Appendix 1 Absorption spectra of risperidone and bromocresol green complex
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Appendix 2 Absorption spectra of bromocresol green
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