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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 (ty;) 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 Crax, tmax, tiz, AUCo+, AUCo.,, and ke were determined for the two
formulations. After log-transformation of the data obtained the pharmacokinetic
parameters Cmax, AUCq.tand AUC,., of test and reference formulations were used to
test bioequivalence. The two formulations were to be considered bioequivalent if the
log transformed ratios of Cpax, AUCo+ and AUC,., 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: Cpax; 49.58 versus 49.30 ug/ml (86.80 % to 112.28 %), AUC,.;; 355.90



versus 381.21 pg.h/ml (81.24 % to 116.22 %) and AUC,..,; 399.70 versus 409.70
pg.h/ml (83.35 % t0118.50 %), 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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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).

O

HaC OH

H3C

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



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



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 Tax 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).



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.



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.
1.80Dbjectives

» 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, Chax, tmax) for the Sodium Valproate

products using plasma concentration versus time data.

« To ensure bioequivalence between test and reference product.



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


http://www.ncbi.nlm.nih.gov/pubmed?term=Zullino%20DF%5BAuthor%5D&cauthor=true&cauthor_uid=15510234

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 o-ketoglutarate dehydrogenase that
responsible of GABA degradation. Reduction synaptic release of y-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 pg/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)



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 (t12) 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



metabolized by liver by mitochondrial B-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 (1) 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 ty, = 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 (AUCq.free = 146 pmol I h) for elderly subjects was higher than in
young subjects (AUCq.free = 92 pmol I h). The clearance of free VA young (127.0 +
12 ml h'*kg™) and reduced in elderly (77.7 + 5.5 ml h™kg™). 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



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 (Cpax= 13.24 + 3.49 pg/ml)
and slower tmax (8.25 £ 2.53 h) compared with conventional VA tablet (Cax= 25.33 +
3.97ug/ml and tya= 5.21 £ 2.61h). There no significant difference between the AUC
of conventional formulation (AUC= 430.63 = 134.07 pg.h/ml) and the AUC of
controlled release formulation (AUC= 395.10 + 185.01pg.h/ml). In multiple dose
crossover study, also there no significant difference in AUC and Cqax between
conventional formulation (AUC= 944 + 247.84 pg.h/ml and Cpa= 88.77 = 22.88
pg/ml) and controlled release formulation (AUC= 925.30+283.67ug.h/ml and Cpax=
86.51 + 23.46 pg/ml), also the tmax Was slower in controlled release formulation (tmax=
5.92 + 1.82 h) than conventional formulation (tma= 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 Cpax 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
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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™, t;,= 12.8 h, AUCq4g= 1372 mg.h/L, AUC,..= 1488
mg.h/L, volume of distribution (Vd)= 10 L. The pharmacokinetic after oral
administration, Ke= 0.0556 h™, t;,= 12.7 h, Vd= 9.9L, AUCy.4s= 1366 mg.h/L,
AUC,.,= 1478 mg.h/L. The average ti,= 11-12 h, Vd= 0.147 + 0.04 L/kg and the
ratio of AUCg.)oral /AUC0.yiv= 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 Cnax (34.2 £ 5 mg/L) and
shorter tmax (0.9 = 0.9 h) while extended-release tablet had the lowest Cyax (11.8 £ 3
mg/L) and longest tmax (19.2 = 8.2 h). The Cpaxand 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 capsulex~ 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 AUC,.,, 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):

_ (AUC0-x)oral Dose IV
- (AUC 0—0)IV Dose oral

F = fraction of drug absorbed.

Relative bioavailability is determined by comparing the AUC., 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:

- (AUC 0—oo)tablet Dose of solution
rel = (AUC 0—oo0)solution Dose of tablet
Or
_ (AUC 0—)IM Dose oral
I:rel -

(AUC 0—o0)oral Dose IM

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

following equation:

FA o [Joo,A « DoseP
FB — Uc.B DoseA

F =

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:

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

e Area under the plasma/serum/blood concentration-time curve from time zero
to time infinity (AUCy.,), where AUCy., = AUCy + Ci/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.

e Peak drug concentration (Cnax) and the time to peak drug concentration (tmax)

For multiple-dose studies the required parameters are the following:

14



e Area under the plasma / blood concentration-time curve from time zero to time
t over a dosing interval at steady state (AUCq.yss), Where t is the dosing
interval.

e Peak drug concentration at steady state (Cmaxss)) and the time to peak drug
concentration at steady state (tmax(ss))-

e Drug concentrations at the end of each dosing interval during steady state
(Cringss))-

e Average drug concentration at steady state (Cayg(ss))-

e 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 Primary pharmacokinetic Secondary pharmacokinetic
parameters parameters
Single dose Cmax, AUCq.t, AUCp. tmax, AUC % extrapolation, MRT, Kg,
and Ty
Steady state Chnax(ss)s Cmin(ss), AUCo.t tmin(ss), tmax(ss), Cavg, %0 Swing, %
fluctuation
Urinary based Ae-1), A€o ), Rmax Tiag

Notes: Cra, Maximum plasma concentration; Cpi,, Minimum plasma concentration; Cra(ss),
Maximum plasma concentration at steady-state; Cpinss), Minimum plasma concentration at steady-state;
Cavg, Average plasma concentration; Tpa, Time to Cra, AUC, , 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; AUC,_,,, Area under the plasma/serum/blood concentration-time curve from time zero
to time infinity; AUCy4, AUC during a dosage interval at steady state; MRT, Mean residence time;
Ae_y, Cumulative urinary excretion from pharmaceutical product administration until time t; Ae( ),
Amount of unchanged API excreted in the urine at infinite time (7-10 half-lives); T1/2, Plasma
concentration elimination half-life; % fluctuation, (Cmax(s) = Crmingss))/Cavg.100; % swing, (Cax(ss) —
Cmin(ss))/cmin-:l-oo-

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 Invitro 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.qg. class I (high soluble and high permeable) and class Il (high soluble and low
permeable) drugs according to biopharmaceutics classification system, avoiding

unnecessary risk or side effect to human, directly assess drug absorption and
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performance through dissolution and permeability test while in in-vivo studies depend
on indirect method by determination of Cpax 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. Gl 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 KQ)
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 Cpax (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 Cp,ax 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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