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Abstract
Title: In vivo comparative bioavailability study of two sodium valproate syrup
formulations marketed in Gaza Strip.
Introduction:

Valproic

acid

(VA)

is

an

antiepileptic

drug.

Regarding

pharmacokinetic behavior of VA, absorption is almost complete and rapid after oral
administration of different dosage form. The plasma half- life (t1/2) is 6 to 20 hours
and is metabolized mainly (95%) in the liver (Parker, Lazo and Burnton, 2006).
Changes in VA-bioavailability during therapy resulted either in loss of seizure control
or intoxication. A reason for such condition can be changing the drug product from a
reference to another one (generic as test) (Crawford et al., 2006).

Aim: To investigate the bioequivalence of Palestinian sodium valproate syrup as test
with trade sodium valproate syrup as reference. Both dispensed usually in pediatric
clinics of Gaza Strip.
Methodology: A randomized, two crossover design study was conducted on six
healthy male rabbits. Rabbits received a single oral dose (25 mg/kg) of valproic acid
formulations with a washout period of one week. Serial blood samples were collected
over a period of 48 hours. Chemiluminescent enzyme immunoassay (CLEIA) was
used to measure valproic acid concentration in serum. Pharmacokinetic (PK)
parameters Cmax, tmax, t1/2, AUC0-t, AUC0-∞, and ke were determined for the two
formulations. After log-transformation of the data obtained the pharmacokinetic
parameters Cmax, AUC0-t and AUC0-∞ of test and reference formulations were used to
test bioequivalence. The two formulations were to be considered bioequivalent if the
log transformed ratios of Cmax, AUC0-t and AUC0-∞ were within predetermined
criteria for bioequivalence range 80 – 125 %.
Results: Six rabbits were enrolled in the study which exhibited good tolerability to
VA formulations. No statistical differences were found based on analysis of variance.
The mean values of PK for test and reference and 90 % confidence intervals ratios of
log-transformed data for test/reference of the corresponding parameters were as
follows: Cmax; 49.58 versus 49.30 μg/ml (86.80 % to 112.28 %), AUC0-t ; 355.90
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versus 381.21 μg.h/ml (81.24 % to 116.22 %) and AUC0-∞; 399.70 versus 409.70
μg.h/ml (83.35 % to118.50 %), respectively.
Conclusion: Pharmacokinetic analysis of VA test as bioequivalent with the VA
reference.
Keywords: Comparative bioavailability, Bioequivalence, Valproic acid, Syrup
formulations, Pharmacokinetic parameters.
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الملخص العربي
العنوان :دساسح يقاسَح نإلذاحح انحٌٍٕح تٍٍ ششاتٍٍ نحًط انصٕدٌٕو فانثشٌٔد انًسٕقٍٍ فً قطاع غضج.
المقدمةٌ :عرثش حًط انفانثشٌٔك دٔاء نًضاد انصشع .فٕٓ سشٌع ٔ كايم االيرصاص تكافح إشكال ذُأنّ عٍ
طشٌق انفىٔ .ذرشأذ فرشج َصف انعًش ) (t1/2نّ تٍٍ  6-20ساعحٌ ٔ ,رى إصانرّ يٍ اندسى عٍ طشٌق األٌط
تُسثح  95%فً انكثذ ,انرغٍشاخ فً اإلذاحح انحٌٍٕح نٓزا انذٔاء قذ ذسثة فشم عالج انرشُداخ أٔ انرسًىْ ٔ .زِ
انرغٍشاخ قذ ٌكٌٕ سثثٓا اسرثذال انًسرحضش انصٍذالًَ اندذٌذ تأخش انًعرًذ (انًشخع).
الهدف :اخرثاس خٕدج انًسرحضش (اندذٌذ) يٍ خالل اخرثاس انركافؤ انحٍٕي تانُسثح نهًسرحضش انًعرًذ (األصهً)
).(reference
منهجية العمل :ذى اخرٍاس سرح أساَة ركٕس تطشٌقح عشٕائٍح ٔكاٌ ذصًٍى انذساسح ْٕ انرثادل انًضدٔج .قسًد
األساَة إنى يدًٕعرٍٍ كم يدًٕعح يٍ ثالز أساَةٔ ,أعطٍد خشعح  VAتًقذاس ) (25mg/kgنكم أساَة
انًدًٕعح األٔنى يٍ انًشكة األصهً ٔ َفس اندشعح نهثالز أساَة انثاٍَح يٍ  VAاندذٌذ .ثى ذى سحة عٍُاخ
دو يٍ األساَة عهى يذاس  48ساعح ٔذى ذحهٍهٓا تعذ رنك تاسرخذاو ( CLEIAانرحهٍم انكًٍٍائً انضٕئً انًُاعً
نإلَضٌى) .ذى ذحذٌذ يعايالخ حشكٍح انذٔاء فً األساَة ٔ انرً شًهد Cmax, tmax, t1/2, AUC0-t, AUC0-∞),
ٔ )keحذٔد انركافؤ ٔ انرً ذقع تٍٍ .%125-80
النتائج :اسرخذيد األساَة فً انردشتح تكفاءج ٔدٌٔ ذسدٍم أي أعشاض سهثٍح تاندشعح انًسرخذيح يٍ )(VA
أٔ ذثاٌٍ فً َرائح يعايالخ حشكٍح انذٔاء )ٔ (pharmacokinetic parametersانُسة انًسدهح عُذ
) (90% confidence intervalنهًُرح انًخرثش )ٔ (testانًشخعً ) (referenceعهً انرٕانً:
Cmax; 49.58 versus 49.30 μg/ml (86.80 % to 112.28 %), AUC0-t ; 355.90 versus 381.0
μg.h/ml (81.24 % to 116.22 %) and AUC0-∞; 399.70 versus 409.70 μg.h/ml (83.35 %
to118.50).
االستنتاج :انُرائح انرً ذى انرٕصم إنٍٓا دند عهى أٌ انًُرح انًخرثش ) ْٕ (testيكافئ تٍٕنٕخٍا نهًُرح انًشخع
) (referenceنحًط انفانثشٌٔك.
الكلمات المفتاحية :يقاسَح اإلذاحح انثٍٕنٕخٍح ,انركافؤ انحٍٕي ,حًط انفانثشٌٔك ,يُرداخ انششاب ,اإلذاحح
انحٌٍٕح ,انًعايالخ أٔ (انًدشداخ) نحشكٍح انذٔاء.
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Chapter 1
Introduction
1.1 Valproic acid
The antiepileptic effect of valproic acid (VA) was serendipitous discovered when it
was used as a solvent in the research of other antiepileptic drug. It is used in treatment
of many types of epilepsy as absence, myclonic and to partial and generalized tonic
clonic seizure (Parker, Lazo and Burnton, 2006) . It was approved for use as an
anticonvulsant in the United States in 1978. Valproic acid is also used for adjunctive
therapy in management therapy of

psychiatric diseases as schizophrenia and

depression (Omranifard, Amel and Amanat, 2007).
VA is chemically described as 2-propyl pentanoic acid (Figure 1).

Figure 1.1: Chemical structure of Valproic acid
Valproic acid is available in different dosage forms for oral and parenteral
administration. The formulations may contain VA as free acid, salt (sodium, calcium
or magnesium) or complex (combination between acid and its salts). Almost oral
preparation have complete bioavailability but differ in the half life and the time
required to reach the peak concentration in blood (Perucca, 2002; Zaccara, Messori
and Moroni, 1988).
Physical properties of VA is colourless or very slightly yellow, clear liquid, slightly
viscous. It is very slightly soluble in water, miscible with ethanol (96 per cent) and
with methylene chloride. It dissolves in dilute solutions of alkali hydroxides (British
Pharmacopoiea, 2009). Also, the physical properties of sodium valproate is white or
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almost white, crystalline, hygroscopic powder. It is very soluble in water, slightly or
freely soluble in ethanol (96 96%) (British Pharmacopoiea, 2009).

1.2 Bioavailability and bioequivalence
Bioavailability and bioequivalence studies are important during drug development of
both new drug products and their generic equivalents, providing information about the
safety and effectiveness of drug to the patients.
Bioavailability (BA) is the rate and extent to which active ingredient or active moiety
is absorbed from a drug product and becomes available at the site of action (FDA,
2003). Only the intravenous administration has complete BA (100%), while decreased
in other routes of administration (Jambhekar and Breen, 2009).
There are two types of bioavailability, absolute and relative bioavailability:
Absolute bioavailability compares the bioavailability of a drug taken by extravascular
administrations

to the same amount of drug taken intravenously (as reference)

(Shargel, WU-Pong and Yu, 2005).
Relative bioavailability (Comparative) compares the bioavailability of drug with
another formulation of the same drug or in different route of administration (Shargel,
WU-Pong and Yu, 2005).
Bioequivalence (BE) is the absence of a significant difference in the rate and extent to
which the active ingredient or active moiety in pharmaceutical equivalents or
pharmaceutical alternatives becomes available at the site of drug action when
administered at the same molar dose under similar conditions in an appropriately
designed study (FDA, 2003).
Pharmaceutical Alternatives are drug products that contain the same therapeutic
moiety but differ in salt or ester form, in the dosage form or in the strength
(Jambhekar and Breen, 2009).
Pharmaceutical Equivalence: means that two or more drug products contain equal
amounts of the same therapeutically active ingredient(s) in identical dosage forms,
and that these dosage forms meet the requirements such as purity, content uniformity
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and disintegration time as established by the United States Pharmacopeia and/or
National Formulary (Jambhekar and Breen, 2009).
Bioequivalence study is considered relative bioavailability study, usually done
between generic (test) and innovator (reference) product or to the same product if a
change in formulation or manufacturing process was performed(Shargel, WU-Pong
and Yu, 2005).
Bioequivalence study for oral dosage form is usually done by giving single dose of
drug to healthy volunteers and measuring the active ingredient in blood or other
biological fluids over certain period of time for both test and reference product.
Followed by determination of important pharmacokinetic parameters, like area under
the curve (AUC), maximum plasma drug concentration(Cmax) and time required to
reach the maximum concentration (tmax). AUC indicates the extent of absorption and
Cmax and Tmax indicate the rate of absorption ( Pidgen, 1996 ; Birkett, 2003).

1.3 Generic versus innovator formulations
A generic product is compared to an innovator (reference or brand) product in dosage
form, strength, route of administration, quality, performance characteristics and
intended use. Usually, generic drugs do not require preclinical and clinical studies to
ensure safety and efficacy, only bioequivalent study is needed (Welage et al., 2001).
While the innovator product is the original product that was discovered and developed
by a pharmaceutical company. The pharmaceutical company must submit data about
the efficacy and safety of the new drug.
The generic product is therapeutically equivalent to the innovator product when they
are pharmaceutically equivalent as well as bioequivalent. FDA considers the generic
product therapeutically equivalent to the innovator if they are safe and effective,
pharmaceutically equivalent, bioequivalent to each other , have appropriate labeled,
and manufactured in compliance to Current Good Manufacturing Practice guidelines
(Welage et al., 2001).

1.4 Factors affecting bioavailability of drug
Many factors affect bioavailability of the drug include excipient, dosage form, nature
and particle size of the drug, gastric emptying rate, intestinal motility, changes in pH
along gastrointestinal tract, metabolism and food (Jambhekar and Breen, 2009).
3

Epileptic patients required long term treatment to control the symptoms. In this period
the BA of antiepileptic drugs should not be changed from time to time. Any changes
in concentration lead to serious injury, if the level increases, it may lead to
intoxication and if the level decreases, it leads to seizure relapse and therapeutic
failure (Crawford et al., 2006).
Appearance of changes in BA of sodium valproate, when the brand product was
substituted by generic one, was reported in India (Dhanaraj and Jayavlu, 2004). Patient
suffered from seizure relapse when depakene (contained 200 mg sodium valproate)
capsules manufactured by Abbott were replaced by another generic product
(MacDonald, 1987). Outbreak of phenytoin intoxication among epileptic patients due
to change of excipient in phenytoin capsules, led to increase blood concentration of
phenytoin ( Tyrer et al.,1970).
Those reports emphasized the importance to be care when changing prescription from
innovator to generic formulation, non-bioequivalent products may result in fluctuation
in plasma concentration of a drug (Crawford et al., 2006).

1.5 Justification
Drugs in Gaza Strip as well as other countries might have different brands. For
example syrup of Sodium Valproate - on which this research will focus is available
and dispensed widely for pediatric treatment in the Palestinian Territories. Drug
resources in Gaza Strip are different and changeable e.g. pharmaceutical donation,
and private sectors and UNRWA. An epileptic patient should receive often- even at
hospital pharmacy- what is available of his medication.

1.6 Problem statement
The governments in many countries strongly support the production and clinical use of
generic medicinal products, which are at lower cost; meanwhile the bioequivalence
study is much more important than the cost itself. It is very important to understand
that, providing a useful methodology to perform comparative study among different
products (brands) containing the same active ingredient to examine the bioavailability,
would help the authority to control the pharmaceutical marketing in Gaza strip.
As an example and launching step this research deals with sodium valproate syrup
brands which are widely used.
4

1.7 Aim
The aim of this study is to compare in-vivo bioavailability of two Sodium Valproate
formulations (Syrup) of two companies marketed in Gaza Strip and to find out if they
are bioequivalent to each other or not.

1.8 Objectives
•

To assess and to compare the bioavailability of two Sodium Valproate syrup
formulations prescribed in Gaza Strip for children by determination of
pharmacokinetic parameters (AUC, Cmax, tmax) for the Sodium Valproate
products using plasma concentration versus time data.

•

To ensure bioequivalence between test and reference product.
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Chapter 2
Literature Review
2.1 Valproic acid
Valproic acid (VA) is the most use antiepileptic drug. It is considered the first line
therapy for primary generalized seizures such as myoclonic, atonic, and absence
seizures (DiPiro et al., 2005). Recently, becomes used in treatment of bipolar
disorder, neuropathic pain, as prophylactic agent for migraine (Johannessen, 2000)
and to relief acute migraine attach (Edwards, Norton and Behnke, 2001). It was used
as adjuvant in alcohol, cocaine (Zullino et al., 2004) and sedative hypnotic withdrawal
(Harris, Roache and Thronton, 2000). In psychiatric diseases include anxiety and
depression and bipolar disease (Lori et al., 2000).
Recent researches showed that VA has cytotoxic effect on tumor cells through
inhibition of histone deacetyase activity (Eyal et al., 2005; Munster et al., 2009). VA
has

antimedulloblastoma activities by suppressing cell proliferation, promoting

apoptosis, inducing cell cycle arrest and cellular senescence and enhancing cell
differentiation (Li et al., 2005). It is show antitumor activities against glioma (Bacon
et al., 2002).
Experimentally, VA has neuroprotective effect. It protected cortical neuron from
glutamate induced excitotoxicity, human SY5Y neuroblastoma cells from K-efflux
induced cell damage and apoptosis, and cerebellar granula cells from apoptosis by
low potassium. A neuroprotective and neurotrophic effects were established for VA
through regulation of cyclic adenosine monophosphate, responsive element binding
protein and brain derived neurotrophic factor (Loscher, 2002).
VA characterized by a simple chemical structure differ from other antiepileptic drugs.
Firstly discovered as organic solvent in 1882 and the anticonvulsant activity was
serendipitously discovered in 1962, when it was used as a solvent for other
compounds that were being tested for potential anticonvulsant activity. In 1967, the
first released as drug was in France (Peterson and Naunton, 2005).
VA diffuses into central nerves system rapidly through passive diffusion, bidirectional
carrier mediate transporter and enters brain by an anion exchanger at brain capillary
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endothelium. In brain there are transporters responsible of transport of VA to neuronal
and glial cells. VA efflux from central nervus system by probenecid sensitive anion
transport (Perucca, 2002).
The exact mechanism of VA is not completely clear. It is thought a combination of
different mechanisms. VA enhanced the GABAergic inhibitory effect on central
nervus system. It increased GABA level by inhibition GABA degradation, increase
GABA synthesis and feedback inhibition of GABA turnover by potentiating of
postsynaptic of GABAergic function. In-vitro VA inhibited GABA transaminase,
succinic semialdehyde dehydrogenase and α-ketoglutarate dehydrogenase that
responsible of GABA degradation. Reduction synaptic release of γ-hydroxybutarate,
that may be considered responsible factors in antiabsence effect of VA. GABA
synthesis was stimulated by VA through activation of glutamic acid decarboxylase
and inhibition of N-methyl-d-aspartate receptors excitation by reduced release of
glutamate excitatory neurotransmitter. Reduction of glutamate release emphasized
antimanic effect of VA. Modulation of dopaminergic and serotoninergic by VA is
responsible for the antipsychotic effect. Reducing of repetitive firing of action
potential by block voltage dependent sodium channels and delay the recovery from
inactivation of voltage dependent sodium channels. Block of low threshold T calcium
type voltage dependent calcium channels in peripheral ganglion neuron (Loscher,
2002).
The prophylactic effect of VA in migraine was explained by different mechanisms
like preventing vasodilatation in migraine through inhibition of seretonergic neurons
excitation, enhancement of GABA-ergic effect, activation of glutamic acid
decarboxylase, which reduced glutamate level, or by inhibition of prolactin release
(Jensen , Brinck and Olesen, 1994).
Valproic acid (VA) is available in different dosage forms, including an oral solution,
syrup, capsules, enteric-coated tablets and sustained-release formulations, parenteral
and rectal suppository (John, 2012).
Therapeutic effects of valproic acid occur with plasma levels of 30–100 µg/mL, but
there is a poor correlation between the plasma concentration and efficacy (Parker,
Lazo and Burnton, 2006) due to inter-individual differences in metabolism (Alarcon
and Valentin, 2012)
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The most common side effects of VA are gastrointestinal disturbances as nausea and
vomiting, haematological effect as thrombocytopenia, central nervous system effect
as tremor, ataxia and sedation, acute liver toxicity, elevated hepatic transaminase,
hair changes as alopecia and growth of curly hair, stimulation of appetite and weight
gain, metabolic disturbance as hyperammonemia and hyperglycemia, and teratogenic
effect (It was infant neuronal tube defects in pregnant women) (Gram and Bentsen,
1985).
Obese women patient treated by VA had high risk for insulin resistance and
cardiovascular disease due to elevated insulin, decreased high density lipoprotein
level and increased triglycerides. Polycystic ovary syndrome and hypergonadism in
many obese and lean women were also reported (Isojarvi et al., 2001).
Hepatotoxicity effect of VA may result from 4-en and 2,4di-en unsaturated
derivatives of VA, elevated ammonia plasma level and decreased carnitine level
(Perucca, 2002).
In addition it may cause reduction in mineral bone density. It was found that, epileptic
children, treated with VA monotherapy for more than 6 month: about 25% of children
were hypocalcemic, 50% were hypophosphotemic, 6% had elevated alkaline
phosphatase level and 39.1% had a reduction in mineral bone density at femoral neck
area. The exact mechanism was undefined. It was thought; VA may cause renal
tubular dysfunction that increase urinary loss of calcium and phosphorus (Ecevit et
al., 2004).

2.2 Pharmacokinetic parameters of VA
Regarding pharmacokinetic behavior of VA, an almost complete and rapid absorption
after oral administration was reported. Bioavailability of sodium salt of VA is almost
100% for all formulations. The time required to reach the peak concentration is 1- 4
hours; and its increased with enteric coated, sustained release tablet or if it was taken
with food. The plasma half- life (t1/2) is 6 to 20 hours (Parker, Lazo and Burnton,
2006) .
Approximately 90 % of the drug is bound to plasma proteins. Unbound VA
concentrations in serum approximate those in cerebral spinal fluid. 95% of drug is
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metabolized by liver by mitochondrial β-oxidation and glucuronidation into several
metabolites. The metabolites, 2-propyl-2-pentenoic acid and 2-propyl-4-pentenoic
acid are active metabolites and have potent anti-seizure effect as valproate. About 5%
of drug excreted unchanged in urine (Parker, Lazo and Burnton, 2006).
The effect of age on the pharmacokinetic of VA was investigated in 7 young healthy
male volunteers (age: 20-35 years) and 6 elderly male patients (age: 75-87 years).
Both subjects received single 400 mg dose of VA intravenously. The blood samples
were collected for 48h and serum VA concentrations were determined by enzymatic
immunoassay. The median volume of distribution for young volunteers was 0.13 L/kg
and for elderly was 0.19 L/kg and clearance did not differ significantly between both
groups. The median elimination half-life (t1/2) in young was 7.2 h and in older age was
14.9 h. The prolongation of VA half-life in elderly was explained due to increased
ratio of fat to lean tissue that contribute to increased volume of distribution (Bryson et
al., 1983).
In another study carried out on six elderly patients (age 68-89 years) and six young
(age 24-26 years) control subjects to compared pharmacokinetic of free VA between
elderly and young subjects. Each subject had administered single 800 mg dose of VA
orally after overnight fasting. The half lives (mean t1/2 = 15.3 ± 0.7 h for elderly and
13.0 ± 0.01h for young) and volume of distribution (Vd = 0.16 ± 0.01 L/kg for elderly
and 0.14 ± 0.01 L/kg for young). The free plasma VA concentrations in elderly was
higher than in young subjects, but the total plasma VA concentration was similar in
both groups. The (AUC0-∞free = 146 µmol l-1 h) for elderly subjects was higher than in
young subjects (AUC0-∞free = 92 µmol l-1 h). The clearance of free VA young (127.0 ±
12 ml h-1kg-1) and reduced in elderly (77.7 ± 5.5 ml h-1kg-1). The pharmacokinetic
changes in VA in elderly was explained by reduction in plasma protein and reduction
in metabolizing capacity of liver that led decreased clearance of free drug (Perucca et
al, 1984).
Retrospective analysis of therapeutic drug monitoring data obtained from the
pharmacokinetic laboratory of the hospital University Saine Malaysia for 76 adult
epileptic patients treated with oral VA or carbamazepine in period from 2000 to 2002.
From 76 patients, 51 patients (27 male and 24 female, average age 31.4 years) treated
with VA, the average dose of VA was 20.41 mg/kg and the average steady state
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serum VA concentration was 65.02 mg/L. They observed the apparent clearance of
VA for male patients ( clearance= 0.40 L/kg/d) were higher than female patients
(clearance= 0.32 L/kg/d). The clearance rate of VA was higher in patients
administered phenytoin (clearance= 0.60 L/kg/d), phenobarbitone (clearance= 0.46
L/kg/d) and carbamazepine (clearance= 0.52 L/kg/d) compared when administered
alone (Ibrahim and Ab Rahman, 2008).
Crossover study design was carried out in 12 healthy male subjects and 12 epileptic
patients to investigated and comparing the bioavailability and pharmacokinetic of
controlled release formulation (as test) of VA after single and multiple dose with
conventional tablet (as reference). The 12 healthy male volunteers (average age 27.8)
recieved single 300 mg dose of test or reference in crossover manner. The 12 epileptic
patients (average age 25.4 years) were participated in multiple dose crossover design
study, they administered 1200 mg of VA divided into 300mg 9 AM, 300 mg 3 PM,
600 mg 9 PM in case of conventional tablet (reference) and into 600 mg 9AM and
600 mg 9 PM in case of controlled release formulation (test). In single dose crossover
design study, the controlled release formulation had lower (Cmax= 13.24 ± 3.49 µg/ml)
and slower tmax (8.25 ± 2.53 h) compared with conventional VA tablet (Cmax= 25.33 ±
3.97µg/ml and tmax= 5.21 ± 2.61h). There no significant difference between the AUC
of conventional formulation (AUC= 430.63 ± 134.07 µg.h/ml) and the AUC of
controlled release formulation (AUC= 395.10 ± 185.01µg.h/ml). In multiple dose
crossover study, also there no significant difference in AUC and Cmax between
conventional formulation (AUC= 944 ± 247.84 µg.h/ml and Cmax= 88.77 ± 22.88
µg/ml) and controlled release formulation (AUC= 925.30±283.67µg.h/ml and Cmax=
86.51 ± 23.46 µg/ml), also the tmax was slower in controlled release formulation (tmax=
5.92 ± 1.82 h) than conventional formulation (tmax= 3.58 ± 1.14 h). The controlled
release formulation showed similar bioavailability and lower fluctuation in plasma
VA concentration compared with conventional formulation. Reduction of Cmax in test
drug led to reduced fluctuation in plasma VA concentration and concentration related
adverse effect, and the conventional formulation can be switched to controlled release
formulation (Rha et al, 1993).
Absolute BA of VA tablet was assessed. Six health volunteers administered single
800 mg dose of VA orally and intravenously with ten days washout period in
between the two routes of administration. The absorption phase was short and after
10

1-2 h the plasma level of drug decreased. After oral administration the drug required
to

1-3

h reach similar value, reached

after intravenous

administration.

Pharmacokinetic of VA after intravenous administration, mean of constant of
elimination(Ke)= 0.0549 h-1, t1/2= 12.8 h, AUC0-48= 1372 mg.h/L, AUC0-∞= 1488
mg.h/L, volume of distribution (Vd)= 10 L. The pharmacokinetic after oral
administration, Ke= 0.0556 h-1, t1/2= 12.7 h, Vd= 9.9L, AUC0-48= 1366 mg.h/L,
AUC0-∞= 1478 mg.h/L. The average t1/2= 11-12 h, Vd= 0.147 ± 0.04 L/kg and the
ratio of AUC(0-∞)oral /AUC(0-∞)IV= 1. The pharmacokinetic parameters of VA after
administration of single oral and intravenous dose were similar for both routes of
administration. The absorption of VA was complete and rapid and had nearly
complete bioavailability (Perucca et al., 1978).
The same study was applied in six epileptic patients to determine the difference in
pharmacokinetic of VA between healthy and patient subjects. The rate of elimination
and volume of distribution were higher in epileptic patients by 85% than in healthy
volunteers. The BA was nearly complete in both groups (Perucca et al., 1978).
Absorption properties of 5 oral VA formulations marketed in United States after a
single 250 mg dose of VA under fasting condition were investigated. The
formulations were syrup, capsule, sprinkle capsule, enteric coated delayed-release
tablet and extended-release tablet. The data was obtained from 3 pharmacokinetic
studies. The first study was done by Chun et al. (1980) using a single 250 mg dose of
VA syrup or capsule administered orally by 7 healthy volunteers. The second study
performed by Carrigan et al. (1990) using 10 healthy volunteers, who received 250
mg of VA enteric coated delayed- release tablet and sprinkle capsule. The third study
carried out by Dutta et al. (2004) in 15 healthy subjects received extended-release
tablets. The results showed that, VA syrup had highest Cmax (34.2 ± 5 mg/L) and
shorter tmax (0.9 ± 0.9 h) while extended-release tablet had the lowest Cmax (11.8 ± 3
mg/L) and longest tmax (19.2 ± 8.2 h). The Cmax and tmax were for VA capsule (31.4 ± 5
mg/L, 3.2 ± 2.4 h), sprinkle capsule (20.7 ± 2.4 mg/L, 4 ± 1.1 h) and enteric coated
tablet (26 ± 2.6 mg/L, 3.4 ± 0.7 h), respectively. According to the rate of absorption
the formulations arranged as VA syrup> capsule> sprinkle capsule≈ enteric coated
delayed-release tablet> extended-release tablet. The BA of formulations were 100%
except the extended-release tablet were lower by 11% (AUC= 89%) compared with
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other formulations (Chun, Hoffman and Friedman, 1980; Carrigan, Brinker and
Cavanaugh,1990; Dutta, 2004; Dutta and Reed, 2007).

2.3 Bioavailability and bioequivalence
Bioavailability (BA) is the rate and extent to which active ingredient or active moiety
is absorbed from a drug product and becomes available at the site of action (FDA,
2003). The bioavailability of drugs that are not to be absorbed systemically, is
assessed by measuring the effect that express safety and effectiveness of (Shargel,
WU-Pong and Yu, 2005).
Bioequivalence (BE) defined as the absence of a significant difference in the rate and
extent to which the active ingredient or active moiety in pharmaceutically equivalents
or pharmaceutical alternatives becomes available at the site of drug action when
administer at the same molar dose under similar conditions in an appropriately
designed study (FDA, 2003).

Bioequivalence study is relative bioavailability study designed to investigated if the
test or generic product is bioequivalent to the reference or brand product (SADC,
2007).
Both bioequivalence and bioavailability studies are important during drug
development of both new drug products and their generic equivalents. The BA studies
performed to assess the bioavailability and pharmacokinetic of new product. They are
done also to determine the effect of change in physicochemical properties of drug .
BE studies concern comparing the bioavailability of a drug in different product or
when administered by different routes of administration (Shargel, WU-Pong and Yu,
2005).
There are two types of bioavailability, absolute and relative bioavailability.
Absolute bioavailability is determined by comparing the AUC0-∞ or cumulative mass
of drug excreted in the urine (Xu) of drug administred by extravascular dosage form
by the same dose of a drug administered intravenously. It is express by F symbol
(Jambhekar and Breen, 2009).
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Determination of absolute bioavailability during development of new drug will gives
information about absorption, pharmacokinetic behavior and estimation the amount of
drug available in body after administration (Li et al., 1995).
Using area under the plasma concentration–time curve, the bioavailability is
determined by the following equation (Jambhekar and Breen, 2009):

F=
F = fraction of drug absorbed.
Relative bioavailability is determined by comparing the AUC0-∞ or accumulative
mass of drug excreted in the urine (Xu) following administration of drug in two
different dosage forms or administered by different routes. Bioequivalence study is a
relative bioavailability study (Jambhekar and Breen, 2009).
Depending on area under the plasma concentration–time curve, the relative
bioavailability is determined by the following equation:

Frel =
Or
Frel =

From urinary data, the absolute and relative bioavailability are determined by the
following equation:

U∞= total amount of drug excreted in urine.
B and A: dosage form
Absolute bioavailability, the value of the bioavailability (F) equals 1 or 100%
meaning that all of a drug will be absorbed, but relative bioavailability, (F) is lower
than 1 or 100% (Jambhekar and Breen, 2009).
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2.4 Assessment of BE
2.4.1 Pharmacokinetic studies:
Pharmacokinetic study is the most widely method used in assessment of BE of drug.
This type depends on determination of pharmacokinetic parameters in biological
fluids such as plasma, serum and urine, that indicated the release and absorption of
active ingredients and became available into systemic circulation.
Typically, the pharmacokinetic study usually done

by two or more products

compared to each others in crossover design with adequate washout period which
would be equal to five half life's or more of a drug, which be measured to ensure
complete elimination before administration of the next dose. There are alternative
study designs, parallel study design, which are used for drug with long half life and
replicate design for drugs that have high variable disposition (FDA, 2005).
Generally, single dose pharmacokinetic study is preferred for assessment of BE
because it is more sensitive in assessing release of drug substance from product into
systemic circulation than multiple dose study (FDA, 2003).
Sometimes multiple dose study was required, if the drug substance concentration in
blood is difficult to determine after single dose administration, for volunteers with
high intra-individual variability or have rapid metabolism, if the product is modified
release dosage form ( in addition to single dose study) and if dose or time dependent
pharmacokinetics ( Mastan, Latha and Ajay, 2011).
Pharmacokinetic parameters required to determinate BE after administration of a
single dose are the following:


Area under the plasma/serum/blood concentration-time curve from time zero
to time t (AUC0-t), where t is the last time point with measurable concentration
for individual formulation.



Area under the plasma/serum/blood concentration-time curve from time zero
to time infinity (AUC0-∞), where AUC0-∞ = AUC0-t + Ct/ke, Ct is the last
measurable drug concentration and ke is the terminal or elimination rate
constant calculated according to an appropriate method (e.g. trapezoidal rule).
The terminal or elimination half life of the drug should also be documented.



Peak drug concentration (Cmax) and the time to peak drug concentration (tmax)

For multiple-dose studies the required parameters are the following:
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Area under the plasma / blood concentration-time curve from time zero to time
t over a dosing interval at steady state (AUC0-t(ss)), where t is the dosing
interval.



Peak drug concentration at steady state (Cmax(ss)) and the time to peak drug
concentration at steady state (tmax(ss)).



Drug concentrations at the end of each dosing interval during steady state
(Cmin(ss)).



Average drug concentration at steady state (Cavg(ss)).



Degree of fluctuation (DF) at steady state.

The important PK according to study type are listed in Table 2.1 (Mastan, Latha and
Ajay, 2011). The acceptance criteria for BE depending on PK are discussed in section
2.6.5.
Table 2.1 Brief description of the pharmacokinetic parameters used for BA/BE
studies (Mastan, Latha and Ajay, 2011):
Study type

Single dose

Primary pharmacokinetic

Secondary pharmacokinetic

parameters

parameters

Cmax, AUC0-t, AUC0-∞

tmax, AUC % extrapolation, MRT, Kel,
and T1/2

Steady state

Cmax(ss), Cmin(ss), AUC0-t

tmin(ss), tmax(ss), Cavg, % swing, %
fluctuation

Urinary based

Ae(0–t), Ae(0–∞), Rmax

Tlag

Notes: Cmax, Maximum plasma concentration; Cmin, Minimum plasma concentration; Cmax(ss),
Maximum plasma concentration at steady-state; Cmin(ss), Minimum plasma concentration at steady-state;
Cavg, Average plasma concentration; Tmax, Time to Cmax, AUC0–t, Area under the plasma/serum/blood
concentration–time curve from time zero to time t where t is the last time point with measurable
concentration; AUC0–∞, Area under the plasma/serum/blood concentration–time curve from time zero
to time infinity; AUC0–t, AUC during a dosage interval at steady state; MRT, Mean residence time;
Ae(0–t), Cumulative urinary excretion from pharmaceutical product administration until time t; Ae (0–∞),
Amount of unchanged API excreted in the urine at infinite time (7–10 half-lives); T1/2, Plasma
concentration elimination half-life; % fluctuation, (Cmax(ss) - Cmin(ss))/Cavg.100; % swing, (Cmax(ss) –
Cmin(ss))/Cmin.100.
Abbreviation: API, active pharmaceutical ingredient; Rmax, maximum rate of excretion or release
rate; Tlag, lag time.
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2.4.2 Pharmacodynamic (Pharmacologic effect) studies:
In local acting drugs as topical dermatological products or oral inhaled drugs exhibit
no systemic absorption. Determination of BA cannot depend on measuring the drug
concentration in blood or other biological fluids. In this situation, determination of
BA depended on assessing the pharmacological effect of a drug. The measured
pharmacological effect should be reflect the efficacy and safety of drug.
The pharmacodynamic endpoint should be accurate, sensitive, reproducible and
reflect the BA of drug. As example, bronchodilator drugs that used in treatment of
asthma, can determine the pharmacodynamic effect by measuring the forced
expiratory volume of lung ( Shargel, WU-Pong and Yu, 2005).
2.4.3 Comparative clinical studies:
It involved the comparison of outcome (involve the therapeutic and adverse effects )
of test and reference formulations. It is not the first choice in bioavailability and
bioequivalence studies because of the need to large number of subjects, that is not
favorable in ethical consideration (Jackson, 1994).
This type of studies usually done in inability to do pharmacokinetic and
pharmacodynamic studies, because its less accurate and less sensitive than other
methods that used in determination of in-vivo BA and BE ( Shargel, WU-Pong and
Yu, 2005) . The volunteers usually involved in study are patients. The patients are
difficult to be controlled and there are high risks of heterogeneity unlike healthy
volunteers (Chow and Liu, 2008).
2.4.4 In vitro studies
In-vitro dissolution test can be used to assess the BA and BE of drug under certain
condition. Drug substances that are highly soluble and permeable and are formulated
in rapid dissolving products needed only in-vitro dissolution test to establish BE
(FDA, 2003).
Advantages of in-vitro studies cost reduction by passing in-vivo studies when the
bioequivalence is self evident and not problem for drug as in case of rapid dissolution
drugs e.g. class I (high soluble and high permeable) and class II (high soluble and low
permeable) drugs according to biopharmaceutics classification system, avoiding
unnecessary risk or side effect to human, directly assess drug absorption and
16

performance through dissolution and permeability test while in in-vivo studies depend
on indirect method by determination of Cmax and AUC (Polli, 2008).
2.5 Rabbit as a model for BE studies
BE studies are generally carried out in healthy animals that are representative of the
species, class, gender, and physiological maturity for which the drug is approved
(Riviere, 2011).
The animal models used for experimental research are divided into two groups:
1- Small animals as rats, mice, guinea pigs and rabbit.
2- Large animals as dogs, goat and primates.
Generally, mammals have similar anatomy, physiological, biochemistry and cellular
structure to human but differ in the size and appearance. Small mammals are
considered

as

physiological

models

for

large

mammals

for

prediction

pharmacokinetic of drugs (Mordenti, 1991).
Rabbit is a small mammal belongs to Leporide family. Its non-aggressive, easy to
handle, cheep and economic make rabbit favorable for such studies. The best size of
rabbit is 3-3.5 Kg it can withstand experimental conditions and has better survival rate
(Mapara, Thomas and Bhat, 2012).
Rabbits are phytogenetically closer to primates than rodents, which make it good
model for human. It is also characterized by genetic diversity, mimic that in human,
which make it easy to develop human like disease as atheroschlerosis, AIDS and
cancer (Boze and Houdebine, 2006).
The role of animals in understanding toxicology during new drug development has
been invaluable. It is unclear as to what impact these assessments have had in
determining or predicting "human risk". Several discussions recently have indicated
that without successful demonstration of a similarity between the animal species and
man, extrapolations from them may be meaningless. However, when it comes to
assessing BE it seems prudent to consider animal testing. If our primary goal is to
assess differences between two formulations, it is no necessary that all human in-vivo
conditions (e.g. GI tract, hepatic metabolism) be mimicked. Use of animals in some
sense could be considered a similar extension of in-vitro dissolution to in-vivo
performance. As long as the dispositional characteristic of the drug have been
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delineated in the animal species of choice and man, and the doses to be tested are in
the apparent dispositional range, administration of species similarity between the
animal and man should not be a question or warranted. Therefore, animal models
could serve as an adequate surrogate (alternative) to support dissolution data and to
establish BE. Several studies assessing BE using animal models have been reported
but have only achieved mixed results. However, for drugs know to possess
carcinogenic or serious toxicity potential in healthy volunteers the use of animals for
BE should be promoted. At least on a scientific basis it seems rational, that the animal
models can be used in screening of various formulations during the product
developments phase, why their use is not more prevalent/acceptable for assessing BE
(Jackson, 1994).
Rabbit as animal model was used in comparative BA study of 3 different brands of
carbamazepine. A seven male rabbits (weighing 3.1-4.7 kg) received 200 mg of
carbamazepine tablet following 22h fasting and with 7days interval between each
brand products. The carbamazepine tablet was applied to the rear pharynx of the
rabbit with a plastic catheter-rubber device through a hole in a wooden stick holding
the mouth open and the tongue sufficiently protruded out of the mouth. The
concentration of carbamazepine and carbamazepine-10,11-epoxide were measured.
No significant difference in the AUC of 3 brand formulations. The results were in
good agreement with those results obtained in human studies for the same
formulations (Venho and Erisksson, 1986).
Pharmacokinetics of sodium mercaptoundecahydrododecaborate were determined in
mice, rat, rabbit and human. The species shown similarities in drug disposition with
correlation to their own internal physiological process. The interspecies scaling up of
plasma concentration-time data for the four species using a complex Dedrick plot had
similar profiles (Mentha and Lu, 1995).
Pharmacokinetics of VA after administration 70 mg/kg VA by 5 rabbits through
intravenous, gastric (using gavage) and direct duodenal route of administration were
investigated. The bioavailability and pharmacokinetic of VA in rabbits after gastric
and direct duodenal routes were closer to those determined in human that published in
other studies (Bourin et al., 1991).
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Comparing BA of propranolol

after transdermal and oral administration with

intravenous (as reference) administration was performed in rabbits. The BA of oral
administration was low (3.3%) due to first-past metabolism while the BA of
transdermal patch was nearly 65%. The transdermal patch enhanced the BA of
propranolol by 20-fold compared with oral route of administration. Rabbit was good
model to investigated and comparing BA of different dosage form (Krishna and
Pandit, 1993).
Utility of rabbit as animal model to investigate the effect of gastric emptying rate in
BA of sodium salicylates was performed. Eight male rabbits (weighing 3.75-4.45 Kg)
administered 120 mg/kg sodium salicylates (4%) with aqueous, glycerin and
fractionated coconut oil vehicles. The study was performed in two occasions. The first
occasion, the rabbits were divided into 2 groups, one group administered sodium
salicylates with glycerin and the other group with fractionated coconut oil. In the
second occasion, the same experimental design in first occasion was followed, but the
rabbits administered sodium salicylates with aqueous vehicle instead of fractionated
coconut oil. No significant difference in the Cmax (26.9, 29.1 mg/100 ml), tmax (1.2, 1.3
h) and the AUC (256.1, 254.6 mg.h/100 ml) for sodium salicylates administered with
glycerin and aqueous vehicle, respectively. No significant difference between Cmax of
sodium salicylates administered with fractionated coconut oil and glycerin, whereas
there significant difference in tmax (2.6 h for oil, 1.1 h for glycerin) and the AUC
(419.0 mg.h/100 ml for oil and 281.7 mg.h/100 ml for glycerin). Observed from the
data, the oil vehicle delayed the gastric emptying rate, enhanced the BA of sodium
salicylates while glycerin and aqueous vehicles had no effect on gastric emptying rate
(Alhamami, 2007).
Rabbits were used to study ocular bioavailability for locally applied dosage forms
(Bezwada et al., 2004).
Comparative ocular BA studies were also performed using rabbits and measurement
of drug concentration in cornea and aqueous humor (Johansen, Rask-Pedersen and
Prause, 1996).

2.6 General regulatory consideration for BA/BE studies
Regulations for the performance of BA and BE studies are important issues in
industrial pharmacy. The main steps of such studies are illustrated in figure 2.1.
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Figure 2.1: Brief representation of work flow of bioavailability/bioequivalence study (Mastan,
Latha and Ajay, 2011).
Abbreviations: ANDA, abbreviated new drug application; PK, pharmacokinetics.
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The general regulatory consideration for BA/BE studies are:
2.6.1 Study design and protocol
Study design is important step in BE studies. It involves determination of study
design (e.g. crossover or parallel design study), choice appropriate reference product,
determination criteria of subjects included in study and the number of subjects to
achieve statistical power to demonstrate BE (Mastan, Latha and Ajay, 2011).
BE study designs are crossover, parallel and replicate study design. Crossover study
design characterized by elimination and controlled intra-subject variability by
comparing the bioavailability of a drug in the same volunteers, need fewer number of
subjects comparing with other method and decreased the bias in choice subject who
take drug as in parallel study design (Chow and Liu, 2006).
In parallel design study, the subject will received only one drug in randomized way. A
simple parallel design involved comparison of two drug formulations between two
groups, one group take reference drug while the other group take test drug. This type
of study is not prefered in bioavailability and bioequivalence studies because of high
risk of inter- and intra-subject variability. The parallel study can be used as alternative
for crossover design if the drug has long half life and need a long washout period, the
inter-subject variability is smaller than intra-subject variability, and if the patient very
ill and study need too long period (Chow and Liu, 2006).
Replicate study designs use for highly variable drugs. They allow comparisons of
within-subject variances for the test and reference products, provide more information
about the intrinsic factors underlying formulation performance, and reduce the
number of subjects participating in the BE study (FDA, 2003).
Study design and the number of subjects depend on reference product,
physiochemical properties of drug, pharmacokinetic properties and proportionality in
composition, and should be justified accordingly (European Medicines Agency,
2010).
BE studies usually performed in healthy subjects. There are situations are required to
do BE studies in patients, if the drug has toxic effect as anticancer drugs that cause
harmful effect for healthy volunteers, and to provide clinical information that allow
comparison the efficacy and safety between generic and brand products (Welage et
al., 2001).
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2.6.2 Bioanalysis
2.6.2.1 Validity of analytical method
Bioanalysis is referred to quantitative determination of a parent drug or/and its active
metabolites. Bioanalytical methods include chemical method as chromatography and
biological method as microbiological assay and immunoassay. Fundamental
parameters for validity of analytical method are selectivity, accuracy, precision,
recovery, calibration curve, sensitivity, reproducibility, and stability of analyte in
spiked samples (Shah et al., 1992).
Accuracy is determined by replicate analysis of samples containing known amounts
of the analyte. It should be measured using a minimum of five determinations per
concentration. A minimum of three concentrations in the range of expected study
sample concentrations is recommended. The mean value should be within 20% of the
actual value except at lower limit of quantification (LLOQ), where it should not
deviate by more than 25% (Swartz and Krull, 1997).
Precision should be measured using a minimum of five determinations per
concentration. A minimum of three concentrations in the range of expected study
sample concentrations is recommended. The precision determined at each
concentration level should not exceed 20% of the coefficient of variance (CV) except
for the LLOQ, where it should not exceed 25% of the CV. Precision is further
subdivided into within-run and between-run precision. Within-run (also known as
intra-batch precision) is an assessment of the precision during a single analytical run.
Between-run precision (also known as inter-batch precision), is a measurement of the
precision with time, and may involve different analysts, equipment, reagents, and
laboratories. Samples with concentrations over the ULOQ should be diluted with the
same matrix as used for the samples, and accuracy and precision should be
demonstrated (Swartz and Krull, 1997).
A recovery is the ability of analytical method to quantitatively determine analyte in
sample matrix. Recovery experiments should be performed for extracted samples at
three concentrations (Swartz and Krull, 1997).
The standard curve should consist of a minimum of six duplicate non-zero calibrator
concentrations. It's usually need to 4 or 5 parameter logistic model to provide suitable
calibration curve.
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Sensitivity is the lowest analyte concentration that can be measured with acceptable
accuracy and precision (Swartz and Krull, 1997).
Reproducibility is assessed by replicate measurements using the assay, including
quality controls and possibly incurred samples. Reinjection reproducibility should be
evaluated to determine if an analytical run could be reanalyzed in the case of
instrument interruptions (Swartz and Krull, 1997).
Stability refers to stability of analyte in sample under specific condition. The
conditions used in stability test should reflect the experimental, storage and analysis
conditions. Stability of samples should be compared to freshly made calibrators
and/or freshly made quality controls. At least three replicates at each of the low and
high concentrations should be assessed. Assessments of analyte stability should be
conducted in the same matrix as that of the study samples. All stability determinations
should use samples prepared from a freshly made stock solution (Swartz and Krull,
1997).
2.6.2.2 Selection of appropriate analyte(s)
The majority of BE studies basically depended on determination of the parent drug
rather than its metabolites. In some situations, it is necessary to determinate
metabolites than parent drug. For examples, if the parent drug is inactive prodrug and
convert to active form in the body, the plasma concentration of parent drug is too low
to be detected because of inadequate assay sensitivity or rapid metabolism in the body
to active metabolite, and both of parent and active metabolites have therapeutic effect
but the metabolite has higher concentration than parent drug due to rapid metabolism
(Midha, Rawson and Hubbard, 2004).
If the drug is enantiomers, there is a need to determine both enantiomers. In some
cases of BE studies, it is required the determination of individual enantiomer if, the
enantiomers exhibit different pharmacodynamic, exhibit different pharmacokinetic
properties, primary efficacy and safety activity residue with the minor enantiomer,
and nonlinear absorption is present (FDA, 2003).
Products contain a complex mixture of drug substances. These drug substances are
not characterized by chemical structure and/or biological effect. In this case the BE
studies are depend on selected markers of rate and extent of absorption (FDA, 2003).
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2.6.3 BE metrics and data treatment
Pharmacokinetic data that obtained from BE studies are treated and analyzed by a
suitable program as Statistical Analysis System (SAS) or WinNonlin, that allow
examination of contribution from subject, period, formulation, and interactions
between them. Geometric mean ratios and log transformed data are examined to test
the hypothesis that the 90% CI of extent (AUC0–t and AUC0–∞) and the maximum
concentration (Cmax) fall within the acceptance limits of 80% to 125%. Some cases are
required to determine more pharmacokinetic parameters include partial area
measurements and exposure metrics including Cmax / AUC, especially with highly
variable drugs, and with drugs having a long terminal t1/2, and/or whose time to Cmax
is considered important (Midha and Mchay, 2009).
2.6.4 Statistical approaches and analysis
Pharmacokinetic parameters that determined for BE studies are subjested to Analysis
of Variance (ANOVA) in which the variance is partitioned into components due to
subjects, periods and treatments (Rani and Pargal, 2004).
It is important choice adequate and appropraite statistical approches to establish
interchangability between generic and reference drug. The statistical approches
include study power, 75/75 rule and 90% confidance interval (Midha and Mchay,
2009).
Study power involve choiced adequate number of subjects that provide adequate
power to test the hypothesis and able to establish BE(Midha and Mchay, 2009).
A 75/75 rule is the first rule known in BE studies. In this rule, generic product
consider bioequivalent to referance product if at least 75% of subjects being tested
had ratios of pharmacokinetic parameters fall within limit 75%-125% and statistical
power to detect 20% difference between products (Midha and Mchay, 2009). The use
of 75/75 rule is limited and minimized after apperance of 90% confidance interval.
Statistical analysis for pharmacokinetic parameters (as AUC and Cmax) using two onesided tests procedure to determine whether the average values for the pharmacokinetic
measures determined after administration of the test and reference products were
comparable, this approach is termed average bioequivalence. To establish BE, the
calculated confidence interval should fall within a BE limit, usually 80-125% for the
ratio of the product averages (FDA, 2005).
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2.6.5 Acceptance criteria for BE
Generally to establish BE, calculation of 90% CI for the ratio of logarithm
transformation of pharmacokinetic data (Cmax and AUC0-∞) and should fall within a
BE acceptable limit of 80% to 125%.
Highly variable drugs are drugs that exhibiting intra-subject variability greater than
30% coefficient of variation in the pharmacokinetic parameters (AUC, Cmax). Usually
BE studies of highly variable drugs required to large number of subjects to provide
adequate statistical power which increase the cost of study and expose the volunteers
to unnecessary tests (Haidar and Davit et al., 2008). FDA found the best method to
assess the BE of highly variable drugs by applying replicate crossover design and
scaled average BE, which lead to decrease number of subjects and unnecessary risk
for volunteers (Haidar et al., 2008).
In the case of drugs which have low therapeutic index, FDA recommended use 80125% limit whereas other agencies as European Medicines Agency, Canadian Health
Protection Branch and Saudi Food and Drug Authority Drug Sector use more tight
limit 90-110% (Mastan, Latha and Ajay, 2011).

2.7 Factors affecting BA, concerning VA:
Many factors affect bioavailability of drug. They include formulation factors (eg.
excipients and physiochemical properties of drug), physiological factors (eg.
gastrointestinal PH and gastric emptying rate) and interactions with food and drugs.
2.7.1 Excipients
Excipients according to International Pharmaceutical Excipients Council is defined as
the substance(s) other than the active pharmaceutical ingredient which has been
appropriately evaluated for safety and is included in a drug delivery system to either
aid processing of the system during manufacturing or protect, support or enhance
stability, bioavailability or patients compliances or assist in product identification and
enhance any other attributes of overall safety and effectiveness of drug product during
storage or use (Blecher, 1995).
Any change in excipient may increase or decrease BA of drug which could lead to
intoxication or therapeutic failure. BE study should be performed after any change of
excipients to assess any variation in the BA (Niazi, 2007).
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Outbreak of phenytoin intoxication among 51 epileptic patients was reported. Many
patients diagnosed with posterior fosca tumour, suffered from double vision and
vomiting following administration of phenytoin, and electroencephalogram of patients
showed slowing of the mean alpha-rhythm frequency. When the dose of phenytoin
was reduced, the electroencephalogram returned to normal appearance. Blood level of
phenytoin in 87% of patients was 20-40 µg/ml, above the therapeutic range 10-20
µg/ml. Appearance of phenytoin intoxication led to think that, capsules contained
more than 100mg phenytoin, but when the content of capsule was analyzed, it showed
92-98 mg phenytoin. The observed elevation in blood phenytoin concentration when
patients administered phenytoin capsules resulted from changing an excipient,
calcium phosphate with lactose (Tyrer et al., 1970).
Comparative BA study of five norfloxacin formulations was carried out in five groups
(each group contains 6 male rabbits). The formulations were pure powder filled into
hard gelatin capsules, aqueous solution of norfloxacin (10 mg/ml), solid dispersion
polyethyleneglycol 6000 (contain 20%w/w norfloxacin), norfloxacin/β-cyclodextrin
(contain 19.91% w/w norfloxacin) complexes and norfloxacin/hydroxypropyl-betacyclodextrin (contain 20.19% w/w norfloxacin) complexes. The rabbits were fasted
18 h before and 24 h after administration and each group received one formulation.
Comparing with norfloxacin aqueous solution (as reference), the lowest Cmax and
AUC were reported in case pure powder of norfloxacin. Formulations contained
polyethyleneglycol 6000 and cyclodextrin had rapid absorption compared with
norfloxacin powder. Oral BA of norfloxacin was improved due to increased solubility
and dissolution rate in exist of polyethyleneglycol (PEG) 6000 and cyclodextrin
(Fawaz et al, 1996).
Cimetidine bioavailability was decreased when mannitol was used instead of sucrose
in formulation. The mannitol reduced small intestinal transit time, so the contact time
between cimetidine and small intestine became shorter that led to decreased the
amount of drug absorbed (Adkin et al., 1995).
In-vivo and in-vitro studies were done to examine the effect of excipient on
antimicrobial activity of cetylpyridinium chloride. Six volunteers had sucked 2
different lozenges brands contained cetylpyridinium chloride 2.5 mg and 1.5 mg on 2
separate days and collected solution after sucking. The antimicrobial activity of
cetylpyridinium chloride was determined by compared the reduction in number of
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microorganisms recoverable before and after sucking. For in-vitro study, 5 lozenges
tablet of each brand were dissolved separately in 20 ml of water to produce 2
suspensions. Another 2 suspensions were prepared also by the same method but
magnesium stearate or talc was added. The antimicrobial activity was determined by
reduction of colony forming units against Stphyloccus aureus, Streptococcus
pyogenes and Candida albican. The antimicrobial activity of cetylpyridinium chloride
of lozenges based tablets was reduced compared to candy based lozenges (compared
with result from previous study) or with the same concentration aqueous
cetylpyridinium chloride. This effect was explained by adsorption of the drug by
magnesium citrate, which led to reduced cetylpyridinium chloride availability in
sucking solution (Richards, Xing and Mackay, 1996).
In-vivo studies were carried out in rabbits and human volunteers to examine the effect
of β-cyclodextrin on bioavailability of grisofulvin. Four rabbits were included. The
first rabbit received 15mg/kg of gisofulvin in 0.05% carboxymethylcellulose solution
which was the standard. The rest rabbits recieved

grisofulvin- β-cyclodextrin

inclusion complex. The same procedure was repeated with human volunteers. Βcyclodextrin increased dissolution and solubility of grisofulvin and enhaced the
absorption. The bioavailability of griseofulvin was increased by complexing with βcyclodextrin (Dhanaraju et al., 1998).
The effect of PEG 4000 on the absorption of four barbiturates tablet (barbital,
phenobarbital, pentobarbital, barbituric acid) was investigated. A reduction in
intestinal absorption of phenobarbital was reported because of complexation between
PEG 4000 and phenobarbital. Therefore, the solubility and the absorption rate of
phenobarbital were reduced. The other three barbiturates, that did not make
complexes with PEG 4000, their rate of absorption was not affected by the presence
of PEG 4000 (Singh et al., 1966).
The effect of gelatin cross-linkage on BA of acetaminophen was investigated.
Different capsules were utilized namely, stressed by controlled exposure to
formaldehyde, moderately stressed and unstressed gelatin capsule. The absorption of
acetaminophen from unstressed and moderately stressed capsules was rapid and fast
when compared with stressed capsule. The gastrointestinal enzymes need more time
to breakdown the stressed capsule, which delayed absorption of drug. (Meyer et al.,
2000).
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Upon changing from a brand furosemide product to a generic product allergy had
appeared. The allergic effect arised from croscarmellose sodium, an excipient of
generic product (Mumoli et al., 2011).
Excipients such as saccharose and lactose had caused serious intolerance adverse
effects during therapy of phenobarbital solid dosage forms in Mauritania (Laroche et
al., 2005).
2.7.2 Physiochemical properties of drug
Physiochemical properties of a drug substance include particle size, surface area, salt
form, polymorphism and solubility.
Decreasing the particle size, increasing the surface area improve the solubility and
dissolution of drug substance that lead to increase drug absorption and bioavailability.
Polymorphism referred to existence the drug substance in more than one crystalline
forms, which lead to difference in solubility, dissolution, melting point and
bioavailability. For example, chloramphenicol palmitate has different polymorphic
forms. In stomach emptying controlled rabbits the α-form had showed a higher
absorption and bioavailability than β-form of chloramphenicol palmitate (Meada et
al., 1980).
A crossover study design was selected to examine the differences of bioavialability
for five brand tablets and two suspensions of phenytoin in six healthy volunteers. The
bioavailability was at highest value when a phenytoin suspension prepared by
micronized particles and at lowest when tablet prepared by large particles (Neuvonen,
Pentikäinen and Elfving, 1977).
2.7.3 Route of administration and dosage form
After oral intake of drug several steps should be passed in order to be absorbed. The
number of steps are different between oral dosage forms. Following tablet
administration, firstly it will be disintegrated into small particles followed by
dissolution and then absorption. While solution dosage form, there are no
disintegration or dissolution steps and the drug will be absorbed rapidly. The
bioavailability of solution dosage form is higher and has less problem than tablet (Li
et al., 1995).
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To compare the pharmacokinetic behavior according to route of administration, 0.5
mg midazolam was administered intravenously and sublingually by six rabbits. The
BA of midazolam administered sublingually has nearly complete absolute
bioavailability. There were no significant difference in pharmacokinetic of both
routes of administration. The two dosage forms were bioequivalent (Odou et al.,
1999).
The BA of VA suppositories and the possibility to administer VA rectally as
alternative route for oral administration during repeated administration at steady state
in epileptic children was investigated in 13 epileptic patients. They were divided into
two groups, the first (no= 8, average age 10.6 years) was treated with oral VA
solution and the second (no= 5, average age 16.4 years) was treated by enteric coated
VA tablet. Serum VA level was measured over 24 h for each patient. Both groups
administered VA suppositories for 2-7 days. The average BA for VA suppositories
compared with oral solution and enteric coated tablet was 112.4% and 99.5%,
respectively. VA showed similar bioavailabilities when administered rectally,
compared with orally administered solution and enteric coated tablet. Similarity of
fluctuations in blood level of VA were manifested after rectal and oral solution intake.
The VA suppositories had the same BA as oral preparations under steady state
condition and can be used as alternative route for oral administration (Issakianen and
Bourgeois, 1987).
VA syrup was absorbed rapidly and reach the peak concentration within 15-60 minute
while VA capsule had required 60-120 minutes to reach the peak concentration
(Mattson et al, 1987).
Comparing the pharmacokinetic parameters of misoprostol after 400 µg a single dose
administrated by sublingual, oral, vaginal, vaginal dampened with 3 drops water
under fasting condition. The highest concentration of misoprostol was observed with
sublingual route of administration. After oral intake the concentration of misoprestol
in blood was higher than that after vaginal route of administration (with or without
water). The tmax was shorter in sublingual and oral than vaginal (with or without
water) route. The AUC of sublingual route was significantly higher than oral and
vaginal route but was not significantly different with vaginal tablet dampened with
water (Tang et al., 2002).
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Generally, divalproex sodium extended-release (ER)formulation is not bioequivalent
to traditional divalproex sodium delayed-release (DR) divalproex sodium formulation.
Five period, multiple doses and fasting crossover study design was performed in
healthy subjects (23 male and 13 female, age: 18-55 years) to evaluate bioequivalent
of unequal doses between divalproex sodium ER and divalproex sodium DR. The
volunteers were divided into two groups, one group administered divalproex sodium
(ER) once daily and the other group administered divalproex sodium DR twice daily.
In the first period, one group administered 500 mg divalproex sodium ER while the
other group received 500 mg divalproex sodium DR. The period 2 and 3, 1000 mg of
divalproex sodium ER as test regimen was compared with 875 mg of divalproex
sodium DR (500 mg in the morning and 378 mg in the evening) as reference regimen,
and in period 4 and 5, 1500 mg divalproex sodium ER as test regimen was compared
with 1250 mg divalproex sodium DR (625 mg twice daily) as reference regimen. The
AUC0-24 (µg.h/ml) for 1000 mg divalproex sodium ER was 1970 ± 402, 875 mg
divalproex sodium DR was 1920 ± 355, 1500 mg divalproex sodium ER was 2420 ±
397, and 1250 mg divalproex sodium DR was 2200 ± 345. The study showed the
1000 mg divalproex sodium ER regimen was bioequivalent to 875 mg divalproex
sodium DR regimen, and 1500 mg divalproex sodium ER regimen was bioequivalent
to 1250 mg divalproex sodium DR according to 90% confidence intervals with
respect to AUC. The adverse effect (e.g. abdominal pain, nausea and vomiting) result
from higher doses of divalproex sodium ER were mild and tolerated. Can be safety
switching from divalproex sodium delayed-release (DR) divalproex sodium
formulation to extended-release (ER) formulation through increasing the dose of ES
formulation by 14-20%. The fluctuation of VA serum was reduced in divalproex
sodium ER by 42-48% compared with divalproex sodium DR formulation (Dutta et
al., 2002).
The efficacy and tolerability of substitutions of divalproex sodium tablet by
immediate- release VA in adult psychiatric inpatients was investigated. The inpatients
(18-73 years, no.17) stabilized by divalproex tablet for at least 4 weeks. They
switched to immediate-release VA with the same dose of divalproex and the patients
monitored for 2 weeks and again after 6 months. The monitoring include check of VA
side effects (as nausea, vomiting, diarrhea, constipation, indigestion, abdominal pain,
change in appetite, lethargy, dizziness), seizure frequency and CGI score change. All
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patients in study tolerated the substitution except one due to suffering from persistent
moderate gastrointestinal side effects. The mean trough of VA concentration before
switching was 69.11 ± 21.35 µg/ml and after two weeks of switching was 59.21 ±
14.66 µg/ml. The 14% reduction in the mean trough of VA concentration had no
evidence since the changes were clinically relevant and the serum VA concentration
remained within the therapeutic range. No change observed in seizure frequency and
CGI score. They suggested the psychiatric inpatients stabilized on divalproex can be
safely switched to immediate-release VA tablet and reduced the medication cost by
83% for patient per year (Sherr and Kelly, 1998).
2.7.4 Food
Food can affect bioavailability of drug by alternating the absorption of drug through
interaction with drug substance or drug product, or changing gastrointestinal
physiological parameters as PH and/or delay gastric emptying, or stimulate bile flow
(McCabe, Frankel and Wolfe, 2003). Food increased the BA of drugs that are
absorbed in stomach and decreased or delayed the BA of drugs that are absorbed in
small intestine (Riviere, 2011).
The effect of food on the serum concentration of VA was investigated after single
dose enteric coated tablet in six healthy volunteers and in six patient during chronic
dose administration. The 1st part of study (a single dose), volunteers were involved in
four randomized crossover design study with 1 week washout period between
treatments. First regimen, they administered 500 mg VA capsule after 12 h fast and
after 4 h of administration the volunteers were received standardized meal. Second
regimen, as the same of first regimen but the standardized meal was given half hour
before administered dose. In third and fourth regimen, the same procedure was
followed as the first and second regimen respectively, but the volunteers administered
500 mg of enteric coated tablet of diavalproex sodium instead of 500 mg of VA
capsule. In the 2nd part (chronic administration), patients took enteric coated
divalproex tablet for at least one month before study. The VA serum concentration
was determined after fasting and following administration of the same standardized
meal in part 1. The extent of absorption was similar in groups and no significant
difference in Cmax and AUC were recorded. The tmax was longer after administration
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of drug with food. The food delay the rate of VA absorption but did not affect the
extent of its absorption (Fischer et al., 1988).
The type and amount of food affected bioavailability of VA. The plasma
concentration of VA was higher when it was administered after high fat meal than in
fasting condition. The non-fasting peak concentration (Cmax) was 20% higher than
fasting Cmax (Fujisaki et al., 2006).
BA of film coated tablet of VA was investigated in non-fasting volunteers (5 males
and 5 females, age 25-44). They administered single 200 mg film coated tablet after
Western or Japanese style breakfast by 15 minutes. The serum VA concentration was
determined by a fluorescence polarization immunoassay. No significant difference of
VA absorption was manifested after Western and Japanese style breakfast (Ishikawa
et al., 1987).
The effect of food on VA absorption from enteric coated tablet was investigated in 7
healthy volunteers (4 male and 3 female, age 20-27) in two studies. In first study, 6
subjects administered single 500 mg dose of VA in fasting condition (3 h before meal,
with food or 3 h after food in crossover manner with washout period 7 days (In two
cases for particular reasons the period was reduced to 48 h. The food consisted of cold
cuts, steak, string beans, bread, cheese and fruit. In second study, six subjects (5 from
first study) received single 400 mg dose of VA intravenously or single 500 mg dose
of enteric coated VA 3 h after a standard meal in crossover design. The results
obtained from first study showed significant difference in latency period (defined as
the time during which concentration of VA was less than 1 µg/ml) between different
conditions. The mean of latency period of VA when administered was 1.6 ± 1.2 h in
fasting condition, 6.7 ± 3.9 h with food and >7.6 ± 3.2 h after food. The mean of peak
concentration was 51 ± 5 µg/ml in fasting and 57 ± 16 µg/ml when administered with
food and couldn't be determined in case of 3 h after food because of unexpected
length of the latency period. The results of second study showed the mean of latency
period was 8.1 ± 1.6 h that nearly similar to the latency period of VA in first study
when administered 3 h after food. The mean of peak concentration 48 ± 4 µg/ml,
volume of distribution 16.01 ± 1.6 L, clearance 0.65 ± 0.05 L/h, (AUC)iv 788 ± 66.1
µg.h/ml, (AUC)oral 850.5 ± 59.6 µg.h/ml. The enteric coated VA tablet had complete
BA (AUCoral/AUCiv was 1.08 ± 0.03). The administration of VA with or after food did
not affect the absorption of VA but delayed it (Levy et al., 1980).
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2.7.5 Drug interactions
Drug interactions are divided into two types: pharmacokinetic and pharmacodynamic
interactions. Pharmacokinetic interactions alter the pharmacokinetic properties of
drug, including absorption, distribution, elimination and excretion of drug while
pharmacodynamic interactions occur at the site of action of drug and is not related to
change in the serum concentration of drug (Landmark and Patsalos, 2010).
Generally, epileptic patient required long-term therapy that usually involved
polytherapy. The older antiepileptic drugs have high tendency to interact e.g.
carbamazepine and phenytoin than newer drugs e.g. felbamate and gababentin. The
pharmacokinetic interactions depended on the magnitude of serum drug alteration and
clinical implications are divided into 3 levels, level 1 interaction may cause serious
clinical complication and the combination should be avoided, level 2 interaction (less
severe than level 1) used with caution, dose adjustment and the combination should
not be to avoided, and the level 3 interaction did not need adjustment of dose. The
interactions of older antiepileptic usually fall within level 1 and 2 (Johannesse and
Landmar, 2010).
Nine epileptic patients participated in a study to determine the effect of multiple doses
of VA on free, total plasma and total saliva phenytoin concentrations. The patients
treated by phenytoin for at least 3 months. They received 2000 mg daily VA divided
into equal doses. A minimum of 3 blood and saliva samples were collected on
separate days before addition of VA and after 20 days (with interval of 4 days
between collection of samples). The total plasma phenytoin concentrations before VA
administration were 4.3-26.2 µg/ml and fall to 3.4-19.8 µg/ml during VA
administration. There was no significant difference

in free plasma phenytoin

concentration (1.81 µg/ml before VA administration and 1.95 µg/ml after VA
administration) and saliva phenytoin concentration (1.53 µg/ml before VA
administration and 1.66 µg/ml after VA administration). The free fraction of
phenytoin before VA administration was 0.1354 and increase after VA administration
to 0.1821. Reduction in total phenytoin concentration during VA administration was
explained by redistribution of the drug, plasma protein displacement and enhancement
total clearance of phenytoin (Tsanaclis et al., 1984).
Cross over study design with three weeks washout period was applied to investigate
the effect of VA on phenytoin. It was conducted on seven volunteers. In the first
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occasion the volunteers received single intravenous dose of phenytoin alone and in the
second occasion received oral dose VA three times daily and single intravenous dose
of phenytoin after 48 hours of first oral dose of VA to ensure that VA had reached a
steady state. The unbound phenytoin serum level was elevated by approximately 60%.
The clearance and apparent volume of distribution of total phenytoin were also
increased. Those finding were explained by displacement of phenytoin from protein
binding sites and inhibition of hepatic enzymes caused by VA (Perucca et al., 1980).
In contrast, Tsanaclis et al. had not manifested a reduction of phenytoin metabolism
by VA (Tsanaclis et al., 1984). It was explained by phenytoin intake regimen in study,
since the study was conducted in patients received phenytoin chronically.
Phenytoin and carbamazepine are drugs, that are classified CYP450 inducers. They
stimulate the synthesis and activity of hepatic metabolic enzymes CYP450. Others
like valproic acid is a CYP450 inhibitor (Manzi and Shannon, 2005).
A consideration of VA dose must be taken when it is used in a polytherapy for
epileptic patients. Some antiepileptic drugs like phenytoin, an enzyme inducer,
required an elevation of VA dose by approximately 70% in comparison to VA
monotherapy (Cloyd et al., 1993).
Effects of VA, enzyme inhibitor, on diazepam was investigated. A study was
conducted in 6 healthy male volunteers (age: 21-35 years). The volunteers received
single 10 mg dose of diazepam intravenously. After 2 weeks, the volunteers received
500 mg VA orally three times daily for 5 days and the intravenous dose 10 mg of
diazepam was received after 20 h of first dose of VA. The mean of free fraction of
diazepam was only 1.75 ± 0.17% when was given alone, while when administered
with VA was 3.36 ± 0.75%. The concentration of diazepam was doubled. The serum
level of N-desmethyldiazepam was reduced during administration of VA. An increase
of systemic clearance and apparent volume of distribution were manifested. The
hepatic metabolism of diazepam was reduced and it was displaced from protein
binding sites by VA (Dhillon and Richens, 1982).
A better control of seizure in epileptic patients was observed when lamotrigine was
added to patients treated with VA as monotherapy regimen. It could be explained by
a pharmacodynamic interaction between the drugs (Brodie and Yuen, 1997).
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VA (200 mg twice daily) was taken orally by 18 healthy volunteers over period of 21
days. On the eight day felbamate was co-administered. The volunteers were divided to
5 groups, one group as placeb (received only VA) and rest groups, received VA and a
single dose (1200, 2400, 3000, or 2600 mg) of felbamate. After first 7 days of study,
VA reached a steady state. VA and its metabolites (2-en, 4-en, and 3-oxo metabolites)
concentration in plasma and VA and its metabolites (3-oxo and 4-hydroxy
metabolites) in urine were measured. Concurrent administration of felbamate had
increased VA metabolites in plasma and renal excretion of glucouronide metabolite.
A reduction in 3-oxo-metabolite of VA was established, which explained by
inhibitory effect of felbamate on β-oxidation metabolic pathway. Glucouronidation
was increased as a compensatory mechanism (Hooper et al., 1996).
It was reported, reduction in serum level of VA in 3 patients to sub-therapeutic when
meropenem was administered. The first patient (male, 14 years) with cerebral palsy
and epilepsy treated with VA (50 mg/kg/day) for 2 years and lamotrigine (4
mg/kg/day) for 3 months. He was hospitalized due to seizure relapse. The serum VA
levels were 74 µg/ml on day 1 and 70 µg/ml on day 10. The second patient (female, 7
months), hospitalized because had flexor spasm and diagnosis with West syndrome
and treated by VA (75 mg/kg/day) and adrenocorticotrophic hormone. The serum VA
levels were 81, 69 and 90 µg/ml on days 9, 16 and 28, respectively. The third patient
(male, 14 months) with diagnosis of West syndrome and hydronehrosis and treated
with VA (75 mg/kg/day) since the age of 6 months. He was hospitalized because of
pyelonephritis and serum VA level was 85 µg/ml. During hospitalization, the 3
patients had Acinetobacter haumannii, the patients 1 and 3 treated by meropenem and
tobramycin, and the second patient treated by meropenem and vancomycin. During
treatment by meropenem and tobramycin in first patient, the serum levels of VA were
reduced to 37, 21, 19 and 15 µg/ml on days 12, 16, 22 and 30, respectively and VA
dose was gradually increased up to 200 mg/kg/day. After finished treatment by
meropenem and tobramycin on day 30, the serum VA levels were 34 and 144 µg/ml
on day 32 and 37, respectively. During meropenem and vancomycin treatment in the
second patient, the serum levels of VA were 22 and 18 µg/ml on day 32 and 39,
respectively. After meropenem and vancomycin treatment was completed on day 42,
the serum VA levels become 81 and 85 µg/ml on days 45 and 50, respectively and the
VA dose was increased gradually to 13 mg/kg/day. In the third patient, the serum VA
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concentrations during treatment with meropenem and tobramycin were 13 and 10
µg/ml on days 6 and 14. VA dose was gradually increased to 150 mg/kg/day. After
tobramycin and meropenem treatment finished on day 18, the serum VA
concentrations were 62, 98, 112, 89 and 87 µg/ml on days 21, 24, 35, 44 and 49,
respectively (Nacarkucuk, Saglam and Okan, 2004).
VA (dose 1-4 g/day) concentration in serum was reduced to sub-therapeutic level
when carbapenem antibiotics such as meropenem, panipenem or imipenem were
concurrently administered, which may led to loss of seizure control. The possible
interaction

was

explained

by

35%

increasing

the

activity

of

UDP-

glucuronsyltransferase, that enhanced of conjugation and clearance of VA (Mori,
Takahashi and Mizutani, 2007).
The effect of concomitant intake of combined hormonal steroids on the serum
concentration of VA was conducted in epileptic women. The patients were treated
only with VA for at least three months. The hormonal contraceptive was coadministered also for at least three months. The blood samples were taken during the
last day of hormonal contraceptive free interval and in last day of hormonal
contraceptive intake period. The serum VA concentration was determined by
fluorescence polarization immunoassay. The total and unbound serum VA
concentrations were higher in the hormonal free interval (mean total VA
concentration= 425 ± 184 µmol/L and mean unbound VA concentration= 55 ± 37
µmol/L) than during hormonal contraceptive intake (mean total VA concentration=
350±145µmol/L and mean unbound VA concentration= 39 ± 25 µmol/L). The
average of total apparent oral clearance (Cl/F) of VA was higher by 21.51% during
hormonal intake (Cl/F= 9.7 ± 6.4 ml/h/kg) than hormonal free interval (Cl/F= 8 ± 5.2
ml/h/kg). The apparent oral clearance of unbound VA was higher by 45.2% during
hormonal contraceptive intake (Cl/F= 115 ± 121 ml/h/kg) than hormonal
contraceptive free interval (Cl/F= 79 ± 81 ml/h/kg). Increased of the apparent oral
clearance of total and unbound VA through induction of glucuronosyltransfarease by
ethyinylestradiol that caused reduction in the total and unbound serum VA
concentration level (Galimberti et al., 2006).
The interaction between VA and acyclovir was investigated after oral and intravenous
concurrent administration. For this purpose 6 rabbits were divided into three groups.
The first received acyclovir only, second received VA alone and the third a
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combination of VA and acyclovir. The First trial was applied for intravenously
administered doses. They were 60 mg/kg of acyclovir, 20 mg/kg of VA and
combination of both drugs, respectively. After washout period of 2 weeks the trial
was repeated for orally administered dose, which were 300 mg/kg of acyclovir, 20
mg/kg of VA and a combination of both, respectively. The plasma concentration of
acyclovir in rabbits received a combination of both drugs was higher than when
acyclovir was taken alone. The plasma concentration of acyclovir administered
intravenously was higher than those administered orally. Co-administration of
acyclovir with VA had reduced oral BA of acyclovir but the serum concentration of
acyclovir was increased due to reduction acyclovir clearance and volume of
distribution, and this may due to inhibition of membrane transporter proteins of
acyclovir by VA. The acyclovir has no effect on concentration and pharmacokinetic
parameters of VA after oral and intravenous administration (Jaarsveld , Walubo and
Plessis, 2007).
Double blind placebo trial was conducted in patients with bipolar disorder. They
showed no improvement upon being treated with different combination as lithium
with imipramine, with phenelzine, with carbamazepine. A clear improvement of
mood in patients with bipolar disorder was achieved when a combination of
carbamazepine and VA was taken in comparison to both drugs taken alone. A
synergetic effect drugs in combination therapy was suggested to explain the findings
(Ketter, Pazzaglia and Post, 1992).

2.8 Generic and innovator formulations:
2.8.1 Definitions
Generic product according to WHO is defined as a pharmaceutical product that is
intended to be interchangeable with the innovator product in an individual patient,
usually manufactured without a license from the innovator company and marketed
after expiry of patent or other exclusivity rights (Birkett, 2003).
FDA considered generic drugs as therapeutically equivalent to innovator drugs when
the generic products are approved as safe and effective, pharmaceutically equivalent,
bioequivalent to brand products, adequate labeled for proper use and manufactured in
compliance with current good manufacturing practice (GMP) regulations (Welage et
al., 2001).
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Innovator pharmaceutical product is that which was first authorized for marketing, on
the basis of documentation of quality, safety and efficacy (WHO, 2005).
Reference product is a pharmaceutical product with which the new product is
intended to be interchangeable in clinical practice. It will normally be the innovator
product for which efficacy, safety and quality have been established. When the
innovator product is not available, the product which the market leader may be used
as a reference product, provided it has been authorized for marketing and its efficacy,
safety and quality had been established and documented (SADC, 2007).
2.8.2 Generic prescription and benefits
Some important advantages of the generic product are the generic name formulation
gives more information about the chemical composition and therapeutic indications
than brand formulations. The generic name is usually uniform in the worldwide but
the brand name is often differ from country to country and the write of generic name
in prescription allows the pharmacist to select appropriate formulation in quality and
price. Some disadvantages of generic formulations are fluctuation in the
bioavailability of drug.

Physical properties (as shape, color, size) of generic

formulations differ from those in the brand products, that cause confusion to patient.
In addition, there are difficulty in contact with generic manufacturer if problem arises
and the generic names are often not as euphoniousnas brand names (Richens, 1997).
In the last years the use of generic drugs by physicians had been increased in
treatment of diseases and management of chronic condition. They found the generic
drugs were effective and safe as brand drugs and the cost was advanced to the patients
(Zarowitz, 2008).
The lower cost of generic compared to the innovator products arises from avoiding
drug development and many researches of preclinical and clinical trials to prove the
efficacy and safety to get the drug on the market. A generic product need a
bioequivalence study to compare it with innovator and to be approved by authorities
for marketing. Utility of generic products had saved nearly $8.8 billion, which
represent approximately 11% of drug expenditures for adults in the United States each
year (Haas et al., 2005).
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2.8.3 Interchange between innovators and generic formulations
When the FDA approves a new generic product, it is stating the generic is
therapeutically equivalent to the reference innovator product. To be therapeutically
equivalent product must be safe, efficacious, pharmaceutically equivalent,
bioequivalent and manufactured according to GMP (Wegal et al, 2001).
Many clinicians concerned about the efficacy and safety of switching between generic
and innovator drugs, because any change in BA can lead to serious injury or
therapeutic failure, especially when the drug had a narrow therapeutic window
(Crawford et al., 2006). It was reported in (1987) seizure relapse by young female
patient when VA brand product (Depakene) was changed to another generic product.
A 19 years old young epileptic female patient treated by VA capsules (Depakene) and
carbamazepine was seizure free for 3 years. When she took generic VA capsule
instead of brand VA capsule (Depakene), the seizure relapsed, whereas there was no
change in medication regimen or carbamazepine. After seizure relapse, the patient
retained to use brand VA capsule (Depakene) and the seizure was controlled again. It
was suggested, seizure relapse was due to decrease serum VA level (MacDonald,
1987).
In contrast, it was found change depakene (brand product) of VA to a generic product,
had not changed blood level of VA significantly (Vadney and Kraushaar, 1997).
The above mentioned studies explained the great importance to investigate effects
appeared upon interchanging from a brand to generic products. It may be related to
bioequivalence differences or other factors as progression of disease, exist of other
disease, or due to placebo effect (Michael, 2008).
The bioequivalence studies of generic formulations, that were submitted to FDA
between 1996 and 2007 showed a limited variation. The average difference in Cmax
and AUC between generic and innovator formulations were 4.35% and 3.56%,
respectively. Nearly 98% of the bioequivalence studies were found the generic
product AUC differed from that of the innovator product by less than 10%. The
average difference in absorption into the body between the generic and the brand
product was 3.5%. This difference would be acceptable between one batch of brand
drug against another batch of the same brand drug (Davit et al., 2009).
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Meta-analysis of 19 studies (randomized clinical trials and observation studies)
concerning antiepileptics VA, carbamazepine and phenytoin was performed to
evaluate if brand product was superior to generic substitution product for seizure
control. The observational studies showed increased drug and health services
utilization which was explained by loss of seizure control. Analysis of observation
studies finding were explained by un measured confounder in claim data used.
Kesselheim et al had conclude that, there was no association between generic
substitution and loss of seizure control. Therefore, the brand products of mentioned
drugs were not superior to generic ones (Kesselheim et al., 2010).
Studies concerning efficacy of antiepileptic drugs upon changing from innovator to
generic product in the period 1950 to 2011 published in Medline database, web of
science, Cochrane Central Register of Clinical Trials, and Cochrane Database of
Systemic Review were reviewed. The data were limited predominantly to VA,
carbamazepine and phenytoin. By comparing initiation therapy, no significant
differences in seizure occurrence and frequency, efficacy, blood concentration,
tolerability and safety were recorded between generic and innovator products. It was
noticed that switching from one to another led to increase hospitalization and hospital
stay duration (Talati et al., 2012).
Meta-analysis of 47 studies covering 9 subclasses drugs used in cardiovascular
diseases was performed to determine if brand cardiovascular drugs superior to generic
cardiovascular drugs. The subclasses were β-blocker (metoprolol, atenolol,
propranolol and carvedilol), diuretics (furosemide and combination of triamterenehydrochlorothiazide), calcium channel blocker (amlodipine), anti-platelet (clopidogrel
and aspirin), α-blocker (terazosin), antiarrythmic drugs class I (propafenone and
procainamide) and warfarin. Those studies compared between generic and brand
products based on clinical efficacy and safety (e.g. heart rate, blood pressure, urine
output and low density lipoprotein level). They found clinical equivalence in 7 of 7
randomized clinical trials (100%) of β-blockers, 10 of 11 randomized clinical trials
(91%) of diuretics, 5 of 7 randomized clinical trials (71%) of calcium channel
blockers, 3 of 3 randomized clinical trials (100%) of antiplatelet agents, 2 of 2
randomized clinical trials (100%) of statins, 1 of 1 randomized clinical trials (100%)
of angiotensin-converting enzyme inhibitors, and 1 of 1 randomized clinical trials
(100%) of α-blockers. Among narrow therapeutic index drugs, clinical equivalence
40

was reported in 1 of 1 randomized clinical trials (100%) of class 1 antiarrhythmic
agents and 5 of 5 randomized clinical trials (100%) of warfarin. Generic and brand
cardiovascular drugs were nearly similar in clinical outcomes and no evidence support
the use of brand drugs in cardiovascular disease superior the generic drugs
(Kesselheim et al., 2008).
Retrospective cohort study was performed on patients with atrial fibrillation treated
by amiodarone to investigated and compared the risk of thyroid dysfunction
associated with amiodarone administration between amiodarone generic and brand
formulations. The mean time to clinical dysfunction of thyroid was 4.32 years for the
brand formulation and 4.09 years for the generic formulation. There was no
significant difference in the incidence rates of thyroid dysfunction between the
generic and brand formulations (Tsadok et al., 2011).
A retrospective study regarding the antipsychotic effect of olanzepine revealed that,
no difference was observed in relapse rate among patients received the effective dose
in case of generic and brand formulations (Araszkiewicz et al., 2008).
Alessi-Severini et al had conducted a retrospective study on 58 patients with
schizophrenia and other psychotic disorder, treated with clozapine, to determine the
effect of switching from brand to generic product. Data of clozapine included dose
regimen, physician visits, hospitalizations and adverse effects, which were obtained
from patient medical records for a period of 6 months using brand product and of 6
months after switched to generic product. No significant difference was observed
between both formulations in physician visits, hospitalizations, dose adjustment and
no increase in frequency of adverse effects (Alessi-Severini et al., 2006).
Similar finding were established when clozapine brand product was switched to a
generic product. Neither the dose of clozapine was increased, nor clinical
deterioration was reported (Paton, 2006).
2.8.4 Special considerations
The FDA considers generic product to be therapeutically equivalent to brand name
innovator products if they are pharmaceutically equivalents and show bioequivalent in
healthy volunteers; such products receive an "A-rating". The FDA applies the same
approval criteria for narrow therapeutic index (NTI) drugs, which the agency calls
"narrow therapeutic range" drugs. Some physician remain concerned about generic
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substitution of NTI drugs because of small differences between therapeutic and toxic
doses and the need for therapeutic drug concentration or pharmacodynamic
monitoring. For certain drugs with NTI (digoxin, levothyroxine, warfarin)
interchanges may not be advisable or even allowable depending on substitution laws
of individual state (Henderson and Esham, 2001).
Data showing BE of generic digoxin tablets to the innovator product. Lanoxin® are
generally not available or forthcoming so that comparable rate and extent of
absorption between generic products and lanoxin® brand tablets or between different
generic products, is not ensured. Without PK data to verify the BE of these products
to lanoxin®, the clinical response (both therapeutic and toxic) from these generic
products compared with lanoxin® are unpredictable. Use of a digoxin generic product
as initial therapy may result in lower or higher than expected bioavailability, requiring
additional monitoring and dosage adjustment and ultimately increasing costs of
therapy for above the cost saving from a less expensive generic products (Niazi,
2007).
Generic formulations of levothyroxin as digoxin did not approved by FDA. The FDA
considered the orally administered levothyroxin generic products as a new drug and
manufacturer, who intended to continue marketing these products, must obtained
approved New Drug Applications within 3 years (recently, FDA extended the period
for an additional year). There are 3 generic formulations of warfarin sodium tablet
approved by FDA. Clinical data of warfarin generic tablets showed no significant
difference in the international normalized ratio, no changes of dose to adjust
international normalized ratio, number of hospitalization or incidence of bleeding
between innovator and generic warfarin formulations. The difficulty of international
normalized ratio and warfarin level adjustment may related to inter-subject factors
such as diet, concurrent illness and drug interactions (Henderson and Esham, 2001).
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Chapter 3
Methodology
3.1 Study design
An in-vivo comparative bioavailability study of two syrup formulations of valproic
acid prescribed in pediatric clinic of Gaza Strip. For the two formulations, single dose,
two crossover design separated with adequate washout period is the choiced design.
For this purpose a pharmacokinetic method was selected to determine the following
parameters Cmax, tmax and AUC0-∞ of VA after administration of syrups (Conway,
2005).

3.2 Animals and sample size
Six healthy male rabbits (weight: 3.2-3.5 Kg, age: 8-10 month). Rabbits should be
fasted for 12 hours with free access to water by add libitum before administration of
drug (Venho and Eriksson, 1986).
The rabbits were divided into two groups. Group (1) administered reference drug
which was Valporal syrup whereas group (2) administered test drug which was
Duvalep during first study period (first week). After a washout period of one weak the
group (1) administered test drug and group (2) administered reference drug (second
week).

3.3 Inclusion criteria
Only healthy, fasted and male rabbits weighing (3.2-3.5 Kg) were used.

3.4 Exclusion criteria
Any rabbit was fed, sick, received any drug prior or within two weeks before the start
of study to avoid any drug or food drug interaction effect on the results or female
rabbits to avoid risk of pregnancy.

3.5 Instruments and materials
3.5.1 Instruments


Immulite 1000 analyzer (Siemens Healthcare Diagnostics products LTD,
United States of America ).
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Centrifuge ( type H-103N, Tokyo-Japan).



Micropipettes (Moodel 5000 DG, Japan).



Refrigerator (Grand Silver Line, Israel).

3.5.2 Materials


Sodium valproate syrups (2 brands of different companies in Gaza Strip
pharmacies which was Valporal syrup for Teva company and Duvalep syrup
for Birzit pharmaceutical company) containing 200 mg/5ml of sodium
valproate.



Immulite 1000 valproic acid kit (Simemens Healthcare Diagnostics products
LTD, United States of America ).



Valproic acid standard (Sigma-Aldrich Co, Germany).

3.5.3 Others


Rabbit restraining box.



Syringe 5ml.



Gloves.



Needle 21G.



Alcohol 70%.



Blood collection tubes (Vacutainer tubes).



Plastic tubes with stopper.



Shaving cream.



Medical cotton.



Ether.



Lidocaine gel.

3.6 Experimental procedure
1- Rabbits (n=6) were fasted 12 hours before experiment with free access to
water.
2- Partial anesthesia for rabbits (need only to partial loss of reflex, but not to
induce sleep state) by inhalation of ether.
3- Rabbits were put in rabbit restraining box apparatus.
4- The hair of rabbit ears was removed by shaving cream.
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5- The lidocaine gel was applied on rabbit ears to reduce the pain during
withdrawal of samples.
6- Insertion of 21 Guage needle in marginal vein in rabbit ear.
7- The 1st group of rabbits (n=3) were given Valporal syrup and 2 ed group of
rabbits were given Duvalep syrup using cavage .
8- VA syrup was given to rabbits by cavage , the given dose is 25mg/kg.
9- A blood sample (0.5ml) was withdrawn.
10- Blood samples were collected in vacutainer tubes according to the time
schedule: 0.25, 0.5, 0.75, 1, 2, 3, 4, 5, 6, 24 and 48 h. after administration of
drug.
11- Blood samples were allowed to coagulate for 20-30 min. at room temperature,
followed by centrifugation at 3000 rpm for 5 minutes to separate serum.
12- Transfer the serum in a clean plastic tube and kept at 2-8 0C until being
analyzed on the second day.
13- After a washout period of one week the procedure was repeated. The 1st
group of rabbits were given Duvalep syrup and 2nd group of rabbits were given
Valporal syrup.

3.7 Analytical procedure
3.7.1 Theory of assay
Analysis of rabbit serum samples to determine the concentration of valproic acid was
performed at laboratory of Medical Relief Society-Gaza using IMMULITE 1000
System apparatus and IMMULITE 1000 Valproic Acid Kit (Siemens, 2014).
The Kit is used in hospitals for rapid and routinely assay of valproic acid in blood as
an aid in therapeutic drug monitoring.
IMMULITE 1000 Valproic Acid is a solid phase, competitive, chemiluminescent
enzyme immunoassay. Chemiluminescence immunoassay (CLEIA): is bioanalytical
methods in which quantitation of the analyte depends on the reaction of an antigen
(analyte) and an antibody. It's a chemical reaction between the antigen and antibody
that emits energy in the form of light, the light produced by the reaction indicates the
amount of analyte in a sample. Its highly sensitive and highly specific (Jimenez and
Navas, 2002). A rapid quantitative analysis for serum samples (n= 132) were
achieved by this method. In addition, the cost was extremely advanced.
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3.7.2 Validation
According to FDA requirements of analytical method (Swarts and Krull, 1997), the
applied analytical method in such study must be validated. Validity was performed by
manufacturer Siemens Healthcare Diagnostics company (Siemen, 2014). The kit has
limit of detection: 2 mcg/ml, linearity: 10-200 mcg/ml.
The validity of kit for analysis of rabbits serum was tested (see pilot study).

3.8 Data analysis
The data was analyzed by:
•

Statistical Package of Social Science (SPSS) program version 16 (version 16.0;
SPSS Inc., Chicago, IL).

•

WinNonlin 9 program to estimate the different pharmacokinetic parameters of
the data obtained experimentally (Pharmsight WinNonlin® version 5.0.1 United
States, 2005).

•

Sigma plot 9.

•

Parametric and non-parametric tests for ANOVA test will be done to compare
the significance of differences in the pharmacokinetic parameters for the two
treatments.

3.9 Pilot study
The complete Procedure was applied using 2 rabbits and one valproic acid
formulation to identify the problem which can be faced by dealing with rabbits: blood
sample collection, drug intake and the efficacy of analytical method.
Valproic acid standard was mixed with

volunteer and rabbit serum in order to

examine the efficacy of kit to determine valproic acid in serum at a concentration of
60 µg/ml. Five samples of human and rabbit serum were analyzed per Immulite 1000
kit. The statistical analysis had showed no significant difference between both serum
samples.

3.10 Limitation of the study


Lack of fund and the high cost of materials and equipments.



Israeli siege on Gaza Strip which leads to delay or unavailability of chemicals
and instruments.
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The hard resources such as books and journals.

3.11 Ethical consideration:
An approval to conduct the study was obtained from Pharmacy College Committee.
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Chapter 4
Results
4.1 Pharmacokinetic parameters of VA
After administration of 25 mg/kg of VA syrup formulations by 6 rabbits the blood
samples were collected at different times. The pharmacokinetic parameters were
determined; the maximum plasma concentration (Cmax), the time to reach maximum
concentration (tmax), the area under the plasma concentration-time curve from zero to
last measurable concentration (48 hours) (AUC0-48) and from zero to infinity
(AUC0-∞).
(Cmax) and (tmax) were directly determined from the plasma concentration versus time
curves.
The Area under the curve (AUC0-48) was calculated by the linear trapezoidal rule.
The area under the curve (AUC0-∞) was determined by following equation:

AUC0-∞ = AUC0-t + Ct / ke
AUC0-t: Area under the plasma concentration-time curve from 0 to last measurable
concentration.
Ct : The last measured plasma concentration at time t= 48h.
Ke: Elimination rate constant determined by linear regression from the points
describing the elimination phase in a logarithmic linear plot.
The half-life (t1/2) was calculated by following equation:

t1/2 = 0.693/ke
4.1.1 Pharmacokinetic parameters of VA after administration of
Valporal formulation
The results of serum VA concentration versus time for each rabbit are shown in tables
4.1, 4.3, 4.5, 4.7, 4.9, 4.11. The pharmacokinetic parameters per rabbit are
summarized in tables 4.2, 4.4, 4.6, 4.8, 4.10, 4.12. The plasma concentration–time
curves for each rabbit after administration of Valporal are illustrated in figures 4.1,
4.2, 4.3, 4.4, 4.5, 4.6.
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Table 4.1: Serum concentration of VA after administration of Valporal (25 mg
VA/kg) in rabbit no.1.
Time (h)

Conc. (μg/ml)

0.25

26.90

0.50

33.00

0.75

38.60

1.0

40.70

2.0

43.50

3.0

30.20

4.0

20.10

5.0

13.90

6.0

6.100

24.0

3.50

48.0

1.80

Table 4. 2: PK parameters of VA after administration of Valporal (25 mg VA/kg) in
rabbit no.1.
Pharmacokinetic
Value
parameters

Units

Cmax

43.500

µg/ml

tmax

2.0

h

Ke

0.072

h-1

t½

9.578

h

AUC 0-48

310.81

µg.h/ml

AUC 0-∞

372.91

µg.h/ml
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Figure 4.1: Serum concentration-time profile of VA after administration of Valporal
(25 mg VA/kg) in rabbit no.1.

Table 4.3: Serum concentration of VA after administration of Valporal (25 mg
VA/kg) in rabbit no.2.
Time (h)
0.25

Conc. (μg/ml)
42.3

0.50

44.2

0.75

48.8

1.0

51.0

2.0

42.0

3.0

30.6

4.0

24.7

5.0

15.1

6.0

8.10

24

1.20

48

0.85

50

Table 4. 4: PK parameters of VA after administration of Valporal (25 mg VA/kg) in
rabbit no.2.
Pharmacokinetic
parameters

Value

Units

Cmax

51.0

µg/ml

tmax

1.0

h

Ke

0.0874

h-1

t½

7.934

h

AUC 0-48

290.45

µg.h/ml

AUC 0-∞

300.784

µg.h/ml
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Figure 4.2: Serum concentration-time profile of VA after administration of Valporal
(25 mg VA/kg) in rabbit no.2.
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Table 4.5: Serum concentration of VA after administration of Valporal (25 mg
VA/kg) in rabbit no.3.
Time (h)
0.25

Conc. (μg/ml)
14.8

0.50

17.5

0.75

27.6

1.0

35.8

2.0

41.3

3.0

36

4.0

19.3

5.0

16.7

6.0

11.7

24

9.1

48

1.1

Table 4. 6: PK parameters of VA after administration of Valporal (25 mg VA/kg) in
rabbit no.3.
Pharmacokinetic
Value
parameters

Units

Cmax

41.30

µg/ml

tmax

2.0

h

Ke

0.0590

h-1

t½

11.75

h

AUC 0-48

466.10

µg.h/ml

AUC 0-∞

484.74

µg.h/ml
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Figure 4.3: Serum concentration-time profile of VA after administration of Valporal
(25 mg VA/kg) in rabbit no.3.

Table 4.7: Serum concentration of VA after administration of Valporal (25 mg
VA/kg ) in rabbit no.4.
Time (h)
0.25

Conc. (μg/ml)
38.6

0.50

42.4

0.75

53.1

1.0

48.2

2.0

43.2

3.0

36.5

4.0

30.7

5.0

27.2

6.0

11.2

24

4.3

48

1.1
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Table 4. 8: PK parameters of VA after administration of Valporal (25 mg VA/kg) in
rabbit no.4.
Pharmacokinetic
Value
parameters

Units

Cmax

53.1

µg/ml

tmax

0.75

h

Ke

0.0553

h-1

t½

12.52

h

AUC 0-48

411.15

µg.h/ml

AUC 0-∞

431.02

µg.h/ml
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Figure 4.4: Serum concentration-time profile of VA after administration of Valporal
(25 mg VA/kg) in rabbit no.4.
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Table 4.9: Serum concentration of VA after administration of Valporal (25 mg
VA/kg) in rabbit no. 5.
Time (h)
0.25

Conc. (μg/ml)
54.9

0.50

52.1

0.75

48.2

1.0

45

2.0

40.1

3.0

38.4

4.0

31

5.0

20.9

6.0

5.2

24

1.1

48

0.56

Table 4. 10: PK parameters of VA administration of Valporal (25 mg VA/kg) in
rabbit no.5.

Pharmacokinetic
Value
parameters
54.9
Cmax
tmax
Ke
t½
AUC 0-48
AUC 0-∞

0.25

Units
µg/ml
h

0.1027

h-1

6.75

h

276.54
282.00

55

µg.h/ml
µg.h/ml

Rabbit serum concentration (µg/ml)
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Figure 4.5: Serum concentration-time profile of VA after administration of Valporal
(25 mg VA/kg) in rabbit no.5.

Table 4.11: Serum concentration of VA after administration of Valporal (25 mg
VA/kg) in rabbit no. 6.
Time (h)
0.25

Conc. (μg/ml)
40.1

0.50

45.2

0.75

52.0

1.0

42.9

2.0

45.4

3.0

38.6

4.0

29

5.0

22.4

6.0

19.1

24

5.8

48

2.7

56

Table 4. 12: PK parameters of VA after administration of Valporal (25 mg VA/kg) in
rabbit no.6.

Pharmacokinetic
Value
parameters

Units

Cmax

52.0

µg/ml

tmax

0.75

h

Ke

0.0490

h-1

t½

14.15

h

AUC 0-48

532.54

µg.h/ml

AUC 0-∞

587.31

µg.h/ml

Rabbit serum concentration (µg/ml)
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Figure 4.6: Serum concentration-time profile of VA after administration of Valporal
(25 mg VA/kg) in rabbit no.6.
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The mean VA concentration in serum for rabbits are listed in table 4.13. In addition
further statistical evaluation to determine inter-individual variation are shown e.g.
mean, standard deviation (SD), and coefficient of variation (CV).
Furthermore, the mean PK parameters of VA n rabbits after intake of Valporal syrup
are listed in table 4.14.
A plot of the mean serum concentration of VA versus time after intake of 25mg
VA/kg Valporal is illustrated in figure 4.7.

Table 4.13: Serum concentration of VA versus time after administration of Valporal
and statistical evaluation in rabbits (n=6).
VA serum concentration (µg/ml)
Time
(h)

1st week

Statistical parameters

2nd week

R1

R2

R3

R4

R5

R6

Mean

SD

CV

0.25

26.90

42.3

14.8

38.6

54.9

40.1

36.27

13.80

38.05

0.50

33.00

44.2

17.5

42.4

52.1

45.2

39.07

12.22

31.28

0.75

38.60

48.8

27.6

53.1

48.2

52.0

44.72

9.82

21.97

1.0

40.70

51.0

35.8

48.2

45

42.9

43.93

5.42

12.34

2.0

43.50

42.0

41.3

43.2

40.1

45.4

42.58

1.86

4.37

3.0

30.20

30.6

36

36.5

38.4

38.6

35.07

3.72

10.61

4.0

20.10

24.7

19.3

30.7

31

29

25.80

5.24

20.31

5.0

13.90

15.1

16.7

27.2

20.9

22.4

19.37

5.06

26.14

6.0

6.100

8.10

11.7

11.2

5.2

19.1

10.23

5.07

49.57

24

3.50

1.20

9.1

4.3

1.1

5.8

4.17

3.02

72.54

48

1.80

0.85

1.1

1.1

0.56

2.7

1.35

0.78

57.54

SD: Standard deviation. CV: Coefficient of variation
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Table 4. 14: PK parameters of VA after administration of Valporal and statistical
evaluation in rabbits (n=6).
Cmax

tmax

t½

Ke

AUC 0-48

AUC 0-∞

(µg/ml)

(h)

(h)

(h-1)

(µg.h/ml)

(µg.h/ml)

1

43.50

2

9.58

0.0724

310.81

372.91

2

51.00

1

7.93

0.0874

290.45

300.178

3

41.30

2

11.75

0.0590

466.10

484.74

4

53.10

0.75

12.52

0.0553

411.15

431.02

5

54.90

0.25

6.75

0.1027

276.54

282.00

6

52.00

0.75

14.15

0.0490

532.19

587.31

Mean

49.30

1.125

10.45

0.0709

381.20

409.70

SD

5.54

0.720

2.84

0.0207

104.9

116.0

CV

11.24

64.02

27.23

29.22

27.52

28.32

Rabbit no.

Rabbit serum concentration (µg/ml)
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Figure 4.7: A plot of mean serum concentration-time profile of VA after
administration of Valporal in rabbits (n=6).
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4.1.2 Pharmacokinetic parameters of VA after administration of
Duvalep formulation
The results of serum VA concentration versus time for each rabbit are shown in tables
4.15, 4.17, 4.19, 4.21, 4.23, 4.25 and the corresponding pharmacokinetic parameters
are listed in tables 4.16, 4.18, 4.20, 4.22, 4.24, 4.26. The serum concentration–time
plot for each rabbit after administration of Duvalep are illustrated in figures 4.8, 4.9,
4.10, 4.11, 4.12, 4.13.

Table 4.15: Serum concentration of VA after administration of Duvalep (25 mg
VA/kg) in rabbit no.1.
Time (h)
0.25

Conc. (μg/ml)
70.1

0.50

73.4

0.75

79.2

1.0

43

2.0

38.3

3.0

25.5

4.0

16.2

5.0

10.1

6.0

6.2

24

7.9

48

1.30
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Table 4. 16: PK parameters of VA after administration of Duvalep (25 mg VA/kg) in
rabbit no.1.

Pharmacokinetic
Value
parameters

Units

Cmax

79.20

µg/ml

tmax

0.75

h

Ke

0.045

h-1

t 1/2

15.36

h

AUC 0-48

413.05

µg.h/ml

AUC0-∞

441.85

µg.h/ml

Rabbit serum concentration (µg/ml)

80
70
60
50
40
30
20
10
0
0

5

10

15

20

25
30
Time (h)

35

40

45

50

Figure 4.8: Serum concentration-time profile of VA after administration of Duvalep
(25 mg VA/kg) in rabbit no.1.
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Table 4.17: Serum concentration of VA after administration of Duvalep (25mg
VA/kg) in rabbit no.2.
Time (h)
0.25

Conc. (μg/ml)
31.9

0.50

35.0

0.75

39.7

1.0

40.6

2.0

32.9

3.0

20.7

4.0

16.5

5.0

12.3

6.0

11

24

8.2

48

1.15

Table 4. 18: PK parameters of VA after administration of Duvalep (25mg VA/kg) in
rabbit no.2.
Pharmacokinetic
parameters

Value

Unit

Cmax

40.60

µg/ml

tmax

1.0

h

Ke

0.0559

h-1

t 1/2

12.400

h

AUC 0-48

424.92

µg.h/ml

AUC0-∞

445.49

µg.h/ml
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Rabbit serum concentration (µg/ml)
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Figure 4.9: Serum concentration-time profile of VA after administration of Duvalep
(25mg VA/kg) in rabbit no.2.

Table 4.19: Serum concentration of VA after administration of Duvalep (25 mg
VA/kg) in rabbit no.3.
Time (h)
0.25

Conc. (μg/ml)
38.5

0.50

40.7

0.75

37.3

1.0

34.2

2.0

30.1

3.0

25.2

4.0

19.6

5.0

10.1

6.0

6.2

24

3.2

48

1.5
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Table 4. 20: PK parameters of VA after administration of Duvalep (25 mg VA/kg) in
rabbit no.3.

Pharmacokinetic
parameters

Value

Units

Cmax

40.7

µg/ml

tmax

0.50

h

Ke

0.0337

h-1

t 1/2

20.58

h

AUC 0-48

279.60

µg.h/ml

AUC0-∞

324.15

µg.h/ml

Rabbit serum concentration (µg/ml)
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Figure 4.10: Serum concentration-time profile of VA after administration of Duvalep
(25 mg VA/kg) in rabbit no.3.
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Table 4.21: Serum concentration of VA after administration of Duvalep (25 mg
VA/kg) in rabbit no.4.
Time (h)
0.25

Conc. (μg/ml)
33.2

0.50

26.7

0.75

22.4

1.0

17.9

2.0

14.3

3.0

13.1

4.0

10.7

5.0

8.2

6.0

5.5

24

1.3

48

0.79

Table 4.22: PK parameters of VA after administration of Duvalep (25 mg VA/kg) in
rabbit no.4.

Pharmacokinetic
parameters

Value

Unit

Cmax

33.20

µg/ml

tmax

0.25

h

Ke

0.0663

h-1

t 1/2

10.448

h

AUC 0-48

225.41

µg.h/ml

AUC0-∞

292.94

µg.h/ml

65

Rabbit serum concentration (µg/ml)
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Figure 4.11: Serum concentration-time profile after administration of Duvalep (25
mg VA/kg) in rabbit no.4.

Table 4.23: Serum concentration of VA after administration of Duvalep (25 mg
VA/kg) in rabbit no.5.
Time (h)
0.25

Conc. (μg/ml)
35.4

0.50

38.2

0.75

42.6

1.0

46.1

2.0

48.2

3.0

19.3

4.0

17.7

5.0

14.5

6.0

11.8

24

6.9

48

3.1
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Table 4. 24: PK parameters of VA after administration of Duvalep (25 mg VA/kg) in
rabbit no.5.

Pharmacokinetic
parameters

Value

Units

Cmax

48.20

µg/ml

tmax

2.0

h

Ke

0.0319

h-1

t½

21.72

h

AUC 0-48

451.76

µg.h/ml

AUC0-∞

548.91

µg.h/ml

Rabbit serum concentration (µg/ml)

50
45
40
35
30
25
20
15
10
5
0

0

5

10

15

20

25

30

35

40

45

50

Time (h)

Figure 4.12: Serum concentration-time profile of VA after administration of Duvalep
(25 mg VA/kg) in rabbit no.5.
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Table 4.25: Serum concentration of VA after administration of Duvalep (25 mg
VA/kg) in rabbit no.6.
Time (h)
0.25

Conc. (μg/ml)
43.4

0.50

48.1

0.75

50.2

1.0

53.1

2.0

55.6

3.0

41.7

4.0

30.9

5.0

20.8

6.0

10.5

24

0.96

48

0.35

Table 4. 26: PK parameters of VA after administration of Duvalep (25 mg VA/kg) in
rabbit no.6.

Pharmacokinetic
Value
parameters

Units

Cmax

55.60

µg/ml

tmax

2

h

Ke

0.1093

h-1

t½

6.3396

h

AUC 0-48

341.72

µg.h/ml

AUC0-∞

344.92

µg.h/ml
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Rabbit serum concentration (µg/ml)
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Figure 4.13: Serum concentration-time profile of VA after administration of Duvalep
(25 mg VA/kg) in rabbit no.6.

Serum concentration-time data of

VA after administration of Duvalep are

summarized in table 4.27 for rabbits. Statistical evaluation of data are also shown e.g.
mean, SD, and CV.
A plot of the mean VA serum concentration-time profile after administration of
Duvalep in rabbits is illustrated in figure 4.14.
A summary of PK parameters for VA after intake of duvalep is shown in table 4.28.
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Table 4.27: Serum concentration of VA versus time after administration of Duvalep
and statistical evaluation in rabbits (n=6).
Serum concentration of VA (µg/ml)
Time
(h)

2nd week

Statistical parameters

1st week

R1

R2

R3

R4

R5

R6

Mean

SD

CV

0.25

70.1

31.9

38.5

33.2

35.4

43.4

42.08

14.33

34.05

0.50

73.4

35.0

40.7

26.7

38.2

48.1

43.68

16.16

36.99

0.75

79.2

39.7

37.3

22.4

42.6

50.2

45.23

18.98

41.95

1.0

43

40.6

34.2

17.9

46.1

53.1

39.15

12.13

30.99

2.0

38.3

32.9

30.1

14.3

48.2

55.6

36.57

14.50

39.66

3.0

25.5

20.7

25.2

13.1

19.3

41.7

24.25

9.68

39.91

4.0

16.2

16.5

19.6

10.7

17.7

30.9

18.60

6.72

36.12

5.0

10.1

12.3

10.1

8.2

14.5

20.8

12.67

4.53

35.79

6.0

6.2

11

6.2

5.5

11.8

10.5

8.53

2.85

33.44

24

7.9

8.2

3.2

3.5

6.9

0.96

5.11

2.97

58.05

48

1.30

1.15

1.5

1.8

3.1

0.35

1.53

0.91

59.26

SD: Standard deviation. CV: Coefficient of variation
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Table 4. 28: PK parameters of VA after administration of Duvalep and statistical
evaluation in rabbits (n=6).
Rabbit
no.

Cmax

tmax

t½

Ke

AUC 0-48

AUC 0-∞

(µg/ml)

(h)

(h)

(h-1)

(µg.h/ml)

(µg.h/ml)

1

79.20

0.75

15.36

0.0451

413.05

441.85

2

40.60

1

12.40

0.056

424.92

445.49

3

40.70

0.50

20.58

0.0337

279.60

324.15

4

33.20

0.25

10.448

0.0663

224.41

292.94

5

48.20

2

21.44

0.0319

451.76

548.91

6

55.60

2

6.33

0.1093

341.72

344.92

Mean

49.58

1.083

14.43

0.0571

355.9

399.7

SD

16.39

0.753

5.89

0.0288

90.0

96.20

CV

33.06

64.43

40.82

50.42

25.30

24.06
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Figure 4.14: A plot of mean serum concentration-time profile of VA after
administration of Duvalep in rabbits (n=6).
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4.2 Statistical evaluation of data
4.2.1 Homogeneity of rabbits
One-way analysis of variance (ANOVA) is a parametric test used to compare the
mean of two or more samples. One-way ANOVA is used to test the homogeneity
among rabbits when valporal and duvalep were administered. The data are given in
Tables 4.29, 4.30, respectively. Inter-individual variation among rabbits in both tested
cases were minimum. Rabbits showed homogeneity (p>0.05). Table 4.31 gives the
results of paired–samples t-test between the means of the two groups. It showed that
the difference between the means of concentration in both groups (the first rabbits
administered Valporal and the second rabbits administered Duvalep) is 2.88 (unit)
after the oral administration of 25mg VA/kg, which is not significant at 0.05 level of
significance, since the P-value is 0.592.

Table 4.29: One way ANOVA test for the homogeneity within Valporal group.
Rabbit

N

Mean

Standard
deviation

1

11

25.50

15.92

2

11

27.33

16.34

3

11

29.94

19.57

4

11

30.59

17.58

5

11

25.61

17.24

6

11

27.59

17.47

72

d.f.

F

P-value

5

0.156

0.974

Table 4.30: One way ANOVA test for the homogeneity within Duvalep group.
Rabbit

N

Mean

Standard
deviation

1

11

26.50

21.59

2

11

25.57

21.43

3

11

27.35

22.78

4

11

24.31

16.26

5

11

23.80

17.58

6

11

23.78

18.10

d.f.

F

P-value

5

0.063

0.997

Table 4.31: Paired-samples t-test for the equality between the means of the two
groups
Group

N

Mean

Standard
deviation

1

38

28.73

17.68

2

38

25.85

19.33

Difference

T

P-value

2.88

0.540

0.592

4.2.2 Comparison between PK parameters
Table 4.32 showed paired test t-test for quality between mean PK parameters (Cmax,
tmax, ke, AUC0-48, AUC0-∞) of VA after administration of Valporal and Duvalep in
rabbits.
No significant difference in PK parameters of VA was found when Valporal or
Duvalep was administered (p > 0.05).
A plot of an overlap mean serum concentration-time profile of VA after
administration of valporal and duvalep is illustrated in figure 4.15. The curves
obtained in both cases obviously comparable.
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Table 4.32: Paired-samples t-test for the equality between the means of the
pharmacokinetic parameters.
PK
Parameter
Cmax
tmax
t1 2

Ke
AUC0 48
AUC0  

Group

N

Mean

Duvalep
Valporal
Duvalep
Valporal
Duvalep
Valporal
Duvalep
Valporal
Duvalep
Valporal
Duvalep
Valporal

6
6
6
6
6
6
6
6
6
6
6
6

49.58
49.30
1.083
1.125
14.43
10.45
0.057
0.0710
355.91
381.21
399.71
409.60

Standard
deviation
16.39
5.54
0.7527
0.7202
5.889
2.845
0.0288
0.0207
90.03
104.92
96.16
116.0

Difference

T

P-value

0.2833

0.036

0.973

-0.4167

-0.77

0.941

3.9796

1.223

0.276

-0.01392

-0.763

0.480

-25.29

-0.345

0.744

-9.983

-0.122

0.907

Significant statistical difference (p≤0.05)
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Figure 4.15: Mean serum concentration-time profile of VA after administration of
Duvalep(▲) (test formulation) and Valporal (●)(reference formulation) in rabbits
(n=6).
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4.2.3 Bioequivalence testing
Three important PK parameters were used for bioequivalence testing, Cmax, AUC0-48,
and AUC0-∞. The logarithmic values of the above parameters, mean, SD, and CV are
listed in table 4.33 and 4.34 for VA after oral administration of a single dose
(25mg/kg) from Valporal and Duvalep in rabbits, respectively.

Table 4.33: PK- and log transformed PK parameters of VA after administration of
Valporal.
Rabbit

Cmax

log Cmax

AUC0 48

log AUC0 48

AUC0  

log AUC0  

1

43.50

1.638

310.81

2.492

372.91

2.572

2

51.00

1.707

290.45

2.463

300.178

2.477

3

41.30

1.615

466.10

2.668

484.74

2.685

4

53.10

1.725

411.15

2.61

431.02

2.63

5

54.90

1.739

276.54

2.441

282.00

2.450

6

52.00

1.716

532.19

2.726

587.31

2.768

Mean

49.30

1.69

381.21

2.57

409.69

2.60

SD

5.54

0.05

104.93

0.12

116.01

0.12

CV

11.24%

3.01%

27.52%

4.60%

28.32%

4.71%

SD: Standard deviation.

CV: Coefficient of variation.

75

Table 4.34: PK- and log transformed PK parameters of VA after administration of
Duvalep.
Rabbit

Cmax

log Cmax

AUC0 48

log AUC0 48

AUC0  

log AUC0  

1

79.20

1.898

413.05

2.616

441.85

2.645

2

40.60

1.608

424.92

2.628

445.49

2.648

3

40.70

1.609

279.60

2.446

324.15

2.510

4

33.20

1.521

224.41

2.351

292.94

2.466

5

48.20

1.683

451.76

2.654

548.91

2.739

6

55.60

1.745

341.72

2.533

344.92

2.537

Mean

49.58

1.68

355.91

2.54

399.71

2.59

SD

16.39

0.13

90.03

0.12

96.17

0.10

%CV

33.06%

7.87%

25.30%

4.70%

24.06%

3.98%

SD: standard deviation, CV: coefficient variation.

To test if two VA syrup formulations (Valporal and Duvalep) equivalent to each other
or not the following parameters were calculated. The ratio of Cmax, AUC0-48, AUC0-∞
mean values estimated for VA after administration of Duvalep (test formulation) and
to those after administration of Valporal (reference formulation) was calculated. The
result are listed in table 4.35.
At 90% confidence interval the ratio of log transformed values of mean Cmax,
AUC0-48, AUC0-∞ for Duvalep (test formulation) to those for Valporal (reference
formulation) were calculated and listed in table 4.36.
The limits of acceptance at 90% CI ranged from 80-125% (Westlake, 1972).
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Table 4.35: The ratios of pharmacokinetic parameters
Parameter

Calculation

% Ratio

Cmax

49.58/49.30 × 100

100.56 %

AUC0 48

355.91/381.21 × 100

93.36 %

AUC0  

399.71/409.60 × 100

97.58 %

Table 4.36: 90% CI for the ratio of log-transformed data
Parameter

Lower confidence limit

Upper confidence limit

Cmax

86.80 %

112.28 %

AUC0 48

81.24 %

116.22 %

AUC0  

83.35 %

118.50 %
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Chapter 5
Discussion
ANOVA statistical analysis of PK parameters showed no significant differences
between the two formulations (Valporal and Duvalep syrup) (p > 0.05) (Table 4.32).
Inter-individual variations among rabbits were statistically insignificant (p > 0.05),
when received test and reference formulations. The results of one-way ANOVA test
for homogeneity are listed in (Table 4.29, 4.30). A crossover study design is
recommended to minimize the between subject variability since each subject received
the test and reference products (Chow and Liu, 2008).
The given dose of VA was tolerable. Rabbits were sufficiently and easily utilized for
the purpose of the study.
The use of rabbits and the selected analytical method were cost effective. CLEIA
assay enable analysis of VA in serum (n= 132) effectively within a day.
Generally, the 90% confidence intervals for the ratio of averages of logarithmically
transformed AUC0-t, AUC0-∞ and Cmax should lie within the range of 80 to 125 %
(Westlake, 1972). The 90 % confidence intervals of the log transformed mean values
for the test/reference ratios were 86.80 to 112.28% for Cmax, 81.24 to 116.22% for
AUC0–t and 83.35 to 118.50% for AUC0−∞, respectively. The results of study were
within the bioequivalence acceptance range.
The mean Cmax of the test was 49.58 µg/mL, which was comparable to that of the
reference formulation 49.30 µg/mL. The mean AUC0-48 and AUC0-∞ of test
formulation were 355.91 and 399.71 µg.h/ml, which was comparable to that of
reference formulation 381.21 and 409.60 µg.h/ml respectively.
Both VA syrup formulations were rapidly absorbed. The mean tmax of the test was
1.083 h, which was comparable to that of reference formulation was 1.125 h. The
recorded mean tmax in the study was comparable with published value for syrup (0.9
h) applied on epileptic patients (Dutta and Reed, 2007).
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Chapter 6
Conclusions


The two examined syrup formulations of valproic acid (valporal and duvalep)
are bioequivalent.



Both formulations are interchangeable and the test formulation can be used
instead of reference formulation.



Both syrup formulations were well tolerated by rabbits at the given dose and
no adverse effects reported during the study.



Rabbits were utilized safely and efficiently in the study. The rabbit had
completed the study without any significance alteration in health situation,
need to be replaced or death.



The analytical method (CLEIA) was simple and cost effective.



The local valproic acid can substitute the reference.
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Chapter 7
Recommendations


Supporting usage of generic products through BE studies.



Clinical monitoring for a drug after switching from innovator to generic or
vice versa to avoid any adverse effects.



Development of regulations by corresponding authorities in Palestine
Terrorities e.g. Ministry of Health, Medical Faculties and Pharmaceutical
Industry for use of animal in studies to establish the BE study for our products.



Explanation of the objectives and need of BE projects for students in Faculties
e.g. Medicine, Pharmacy and Medical Professions to participate as volunteers
in next studies.



It is very important to establish scientific center for BA and BE studies, drugdrug and food-drug interactions to ensure safety and efficacy of drugs used in
Palestine.



Introducing of pharmacokinetic studies of drugs in hospitals to facilitate drug
monitoring as an important step for starting of clinical pharmacy program and
as step for developing of pharmaceutical medical profession.



Planning of strategies and programs to conduct BA and BE studies in humans.
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