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Abstract
Title: The effect of rifampicin on carbamazepine pharmacokinetics in healthy male
rabbits

Introduction: This study was conducted to investigate the effect of rifampicin (RIF)
- a potent cytochrome P450 3A4 inducer - on the pharmacokinetic (PK) of
carbamazepine (CBZ) in healthy male rabbits.

Aim: The aim of this study is studying the effect of RIF on the pharmacokinetics of
orally administered CBZ when taken in the same time.

Methodology: Six rabbits were involved over two periods. In the first period each
rabbit received a single oral dose of CBZ (40 mg/Kg). After a washout period of ten
days the second period started by giving each rabbit oral dose of RIF (50 mg/Kg)
once daily for three consecutive days. On the fourth day RIF was given concurrently
with CBZ in the same doses above. Serial blood samples were collected after CBZ
administration over 24 hours. Chemiluminescent enzyme immunoassay (CLIA) was
used to measure CBZ in serum. The PK of CBZ; Cmax, Tmax, t

1/2,

AUC0-t, AUC

0-∞,

and ke were determined for the two periods using non-compartmental analysis.

Results: Mean of PK parameters of CBZ administered alone (first period) or in
combination (second period) were; Cmax, 9.17 ± 2.31 µg/mL versus 8.22 ± 6.681
µg/ml, Tmax 2.08 ± 1.068 h versus 2.42 ± 0.97 h, t
8.95 h, ke 0.0324 ± 0.005 h

-1

½

21.82 ± 3.28 h versus 22.89 ±

versus 0.0349 ± 0.015 h-1, AUC0-24 104.1 ± 25.5

µg·h/ml versus 92.0 ± 42.8 µg·h/ml and AUC0-∞ 189.3 ± 43.6 µg·h/ml versus 163.1
± 54.2 µg·h/mL respectively. No statistical significant differences were found in the
mean of PK of CBZ (P > 0.05) between two periods.

Conclusion: In this study the effect of RIF on PK of CBZ was statistically
insignificant .

Keywords: Rifampicin, Pharmacokinetics parameters, Carbamazepine, CYP3A4.
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الممخص العربي
العنوان :دراسة تأثير الريفامبيسين ( (RIFعمى حركية الكاربمازبين ( )CBZفي أرانب سميمة صحيا من فئة
الذكور.
المقدمة :يعتبر( (RIFمن أقوى المحفزات المسئولة عن تنشيط إنزيم  CYP3A4وىو اإلنزيم المسئول عن
التحويل الحيوي ل( )CBZفي الجسم ,تمت الدراسة لمتحقق من تأثير ال( (RIFعمى حركية ال( )CBZفي
مجموعة من األرانب السميمة صحيا من فئة الذكور.
الهدف :قياس تأثير ال( (RIFعمى حركية ال( )CBZعندما يتم إعطائيما لألرانب عن طريق الفم في نفس
الوقت.
منهجية البحث :تمت الدراسة عمى ستة أرانب سميمة صحيا من فئة الذكور عمى فترتين متالحقتين بينيما فترة
 10أيام لمتخمص التام من ال ( ,)CBZفي الفترة األولى تم إعطاء كل أرنب جرعة من ال( )CBZبواقع 40
ممجم  /كجم لمرة واحدة وتم أخذ عينات دم مباشرة من كل أرنب عمى فترات مجدولة لتحميميا باستخدام CLIA
(التحميل الكيميائي الضوئي المناعي لإلنزيم) و كشف تراكيز ال( )CBZلمعرفة معامالت حركية الدواء
(  )Pharmacokinetic parametersمثل  AUC0-t , ke ,tmax ,t1/2 ,Cmaxو ∞.AUC0-
وبعد انقضاء فترة  10أيام لمتخمص التام من ال( )CBZمن أجسام األرانب بدأت الفترة الثانية من الدراسة وفييا
تم إعطاء ال( (RIFلكل أرنب بواقع  50ممجم/كجم جرعة واحدة يوميا لمدة ثالثة أيام متتالية وفي اليوم الرابع
أعطي كل أرنب جرعة من كال الدوائين في نفس الوقت ,ثم تم اخذ عينات دم مباشرة من كل أرنب عمى نفس
الفترات المجدولة لتحميميا باستخدام  CLIAو كشف تراكيز ال( )CBZلمعرفة نفس معامالت حركية الدواء
لل(.)CBZ
النتائج :تم حساب معامالت حركية الدواء (  )Pharmacokinetic parametersمثل ,tmax ,t1/2 ,Cmax
 AUC0-t ,keو ∞ AUC0-لل( )CBZلوحده في الفترة األولى من الدراسة ولو ,عندما أعطي بالتزامن مع
ال( (RIFفي الفترة الثانية وكانت عمى النحو التالي 1... ± 7..9 Cmax :ميكروجرام/مل مقابل
 6.62. ± 2.11ميكروجرام/مل ...62 ± 1..2 Tmax ,ساعة مقابل  ..79 ± 1..1ساعة1..21 t./1 ,
 ..12 ±ساعة مقابل  2.78 ± 11.27ساعة ....8 ± ....1. Ke ,ساعة

.-

مقابل ± .....7

....8ساعة 18.8 ± ..... AUC0-1. ,.-ميكروجرام .ساعة/مل مقابل  .1.2 ± 71.2ميكروجرام.
ساعة/مميميتر و ∞ ...6 ± .27.. AUC0-ميكروجرام .ساعة /مميميتر مقابل  8..1 ± .6...ميكروجرام.
ساعة/مميميتر بالتتابع.
االستنتاج :في ىذه الدراسة لم يكن لل( (RIFتأثير ذو داللة احصائية عمى معامالت حركية ال(.)CBZ
الكممات المفتاحية :ريفامبيسين ,المعامالت الحركية ,كاربمازبين ,إنزيم .CYP3A4
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Chapter 1
Introduction
1.1 Carbamazepine
Carbamazepine (CBZ) is a dibenzasepine tricyclic compound related chemically to
the tricyclic antidepressants. It is a derivative of iminostilbene with a carbamyl group
at the 5 position; this moiety is essential for potent anti-seizure activity (Brunton and
Chabner, 2011).
CBZ has the following chemical structure:

Figure 1.1: CBZ chemical structure.
CBZ today is marketed in many dosage forms as tablets, chewable tablets, extended
release tablets, liquids, and even suppositories.
CBZ is metabolized by cytochrome P450 (CYP) 3A4 to give CBZ -10,11-epoxide, the
major active metabolite representing 80% of CBZ in man (Spina et al., 2005 and Kerr
et al., 1994).
CBZ shows a relatively short half-life, in chronic treatment, due to autoinduction of
the drug metabolism (Giunchedi et al., 1991 and Patsalos et al., 2002).
Frequently, its half-life may be further shortened by co-administration of other
enzyme inducer drugs. Moreover, CBZ has a narrow therapeutic window and shows
bioavailability differences (Larkin et al., 1989). Consequently CBZ should be used
under monitoring.

1

1.2 Drug-drug interactions
Drug-drug interactions (DDIs) can lead to serious and potentially lethal adverse
events. In recent years, several drugs have been withdrawn from the market due to
interaction-related adverse events.
Interaction between drugs represents a major clinical concern for health care
professionals and their patients. It occurs when one therapeutic agent either alters the
concentrations or the biological effect of another agent (Ghaviml et al., 2005).
DDIs cause considerable morbidity and mortality worldwide and may lead to hospital
admission (Dhabali et al., 2012).
Many clinically important drug interactions are the result of induction or inhibition of
CYP enzymes, the major drug-metabolizing enzymes mainly in the liver (Wilkison et
al., 2005 and Sahi et al., 2003).

1.3 Cytochrome p450
CYP enzymes form a ubiquitous and very large superfamily of haem protein
monooxygenases that metabolise physiologically important compounds vital to life of
most organisms from protists to plants to mammals (Nelson et al., 1996).
Approximately 70% of human liver CYP is accounted by CYP1A2, CYP2A6,
CYP2B6, CYP2C, CYP2D6, CYP2E1 and CYP3A enzymes. Among these, CYP3A
(CYP3A4 and CYP3A5) and CYP2C (CYP2C8, CYP2C9, CYP2C18 and CYP2C19)
are the most abundant subfamilies, accounting for 30% and 20% of the total CYP
enzymes, respectively. Other isoforms are minor contributors to the total CYP
enzymes: CYP1A2 at 13%, CYP2E1 at 7%, CYP2A6 at 4%, CYP2D6 at 2% and
CYP2B6 at 0.2% (Lin and lu, 1998). CYP enzymes catalysing the synthesis of
steroid, hormones, cholesterol, bile acids and arachidonate metabolites and
degradation of endogenous compounds including fatty acids and steroids. The
reactions catalysed by CYP enzymes include both aliphatic and aromatic
hydroxylation, N-, O- and S-dealkylations via an initial hydroxylated intermediate, as
well as oxidation of hetero atoms (Paul, 1995). Also CYP enzymes play a key role in
the metabolism of drugs and other xenobiotics (Estabrook et al., 2003). The most
intensively studied route of drug metabolism is the CYP-catalysed mixed-function
oxidation (MFO) reaction. It has been estimated that a 90% of human drug oxidation
can be attributed to six main enzymes which are CYP1A2, CYP2C9,
CYP2D6, CYP2E1 and CYP3A4/5 (Tanaka, 1998).
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CYP2C19,

1.4 Cytochrome P450 3A4
Among 57 human CYP enzymes, the CYP3A4 isoform is the most abundant and the
most important because it metabolizes the majority of administered drugs. A
remarkable feature of CYP3A4 is its extreme promiscuity in substrate specificity and
cooperative substrate binding, which often leads to undesirable DDIs and toxic side
effects. Owing to its importance in drug development and therapy, CYP3A4 has been
the most extensively studied mammalian CYP (Sevrioukova and Poulos, 2013).

1.5 Rifampicin
Rifampicin (RIF) is the most potent CYP enzymes inducer of all drugs used in clinical
practice. It induces almost all CYP enzymes such as CYP3A4, CYP1A2, CYP2C9,
CYP2C8 and CYP2C18/19 (Brandon et al., 2003 and Finch et al., 2002). So RIF has
been shown to be involved in several DDIs (Sousa et al., 2008).

1.6 Justification
Enzyme induction of antiepileptic drugs (AEDs) metabolizing enzymes increases
their metabolism, resulting in decreased serum concentrations and pharmacological
effect of the administered AED, and possibly loss of seizure control. The process is
reversed when the inducer is withdrawn, resulting in increased serum concentrations
and potential for toxic side effects of the affected drug.

1.7 Problem statement
As many diseases are treated with multiple medications, DDI can be a serious
problem. Pharmacokinetic (PK) DDI typically occurs when two co-administered
medicines use the same biological route of active absorption or elimination or when
one of the two drugs acts as an inhibitor or an activator for the elimination route of the
other. This can lead to unwanted overdosing of one of the two drugs making one of
the two drugs ineffective and may not safe.

1.8 Aim
The aim of this study is studying the effect of RIF on the PK of orally administered
CBZ.
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1.9 Objectives
The objectives of the present study are:
1. Determine the different PK parameters of CBZ in serum in the presence and
absence of RIF.
2. Statistical analysis for the data obtained experimentally with the object to detect
differences in the calculated PK parameters for CBZ in the presence and absence
of RIF.
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Chapter 2
Literature Review

2.1 Carbamazepine
CBZ is a dibenzasepine tricyclic compound related chemically to the tricyclic
antidepressants. It is a derivative of iminostilbene with a carbamyl group at the 5
position; this moiety is essential for potent anti-seizure activity (Brunton and Chabner,
2011).
CBZ was discovered by the chemist Walter Schindler in Switzerland in 1953. CBZ
was first marketed as a drug to treat trigeminal neuralgia in 1962 and has been used as
an anticonvulsant and antiepileptic in the UK since 1965, and has been approved in
the united states of america (USA) since 1974 (Tolou et al., 2013).

2.1.1 Pharmacological effects
CBZ has a narrow therapeutic range (Brunton and Chabner, 2011 and Larkin et al.
1989). Therapeutic concentrations are reported to be 6-12 µg/mL, although
considerable variation occurs (Brunton and Chabner, 2011).

CBZ has anticonvulsant, antineuralgic and antipsychotic effects.

2.1.1.1 Anticonvulsant effect
The exact mechanism of anticonvulsant CBZ effect is unknown. CBZ may act
postsynaptically by limiting the ability of neurons to sustain high frequency repetitive
firing of action potentials through enhancement of sodium channel inactivation and in
addition to altering neuronal excitability. Also CBZ may act presynaptically to block
the release of neurotransmitter by blocking presynaptic sodium channels and the
firing of action potentials, which in turn decreases synaptic transmission (Thomson,
2007).
The CBZ metabolite, CBZ -10,11-epoxide , also limits sustained repetitive firing at
therapeutically relevant concentrations, suggesting that this metabolite may contribute
to the anti-seizure efficacy of CBZ (Brunton and Chabner, 2011).
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The best anticonvulsant effect of CBZ seems to be obtained at plasma levels of about
5 to 10 µg/ml and a similar optimal plasma concentration range was found in a
controlled study in trigeminal neuralgia (Bertilsson and Tomson, 1986). CBZ exerts
anti-seizure activity without causing general depression of the central nervous system
(CNS) (Brunton and Chabner, 2011).
CBZ is one of the drugs of choice beside lamotrigine, and sodium valproate for tonic
clonic seizures. It is a drug of choice for simple and complex focal seizures and for
tonic-clonic seizures secondary to a focal discharge (Ahmed et al., 2011).
CBZ can be used with caution as an alternative treatment option for refractory
idiopathic generalized epilepsy, especially in cases in which the main seizure type is
generalized tonic-clonic (Kenyon et al., 2014).

2.1.1.2 Antineuralgic effect
The exact mechanism unknown and may involve gamma-aminobutyric acid (GABA)
receptors, which may be linked to calcium channels (Thomson, 2007). It is very
effective for the severe pain associated with trigeminal neuralgia and in a lesser extent
in glossopharyngeal neuralgia (Ahmed et al., 2011). And initially may produce
satisfactory pain relief in 70% or more of patients, although increasingly large doses
may be required (Sweetman, 2009) .

2.1.1.3 Antipsychotic effect
The exact mechanism is unknown and may be related to either the anticonvulsant or
the antineuralgic effects of CBZ (Thomson, 2007). CBZ may be used under specialist
supervision for the prophylaxis of bipolar disorder (manic-depressive disorder) in
patients unresponsive to a combination of other prophylactic drugs. CBZ is used in
patients with rapid-cycling manic-depressive illness occurring 4 or more affective
episodes per year (Ahmed et al., 2011).
In many clinical situations CBZ has unlabelled uses.
It is useful in partial pituitary diabetes insipidus (in a dose of 200 mg once or twice
daily) because CBZ may act by sensitizing the renal tubules to the action of remaining
endogenous vasopressin (Ahmed et al., 2011) or associated with increased
concentrations of anti-diuretic hormone (ADH) in plasma. But definitely the
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mechanisms responsible for these effects of CBZ are not clearly understood (Brunton
and Chabner, 2011).
CBZ is sometimes used as an alternative treatment in acute alcohol withdrawal when
benzodiazepines are contraindicated or not tolerated (Ahmed et al., 2011). It has
demonstrated safety, tolerability and efficacy in treatment of moderate to severe
symptoms of alcohol withdrawal in the inpatient setting. However, trials
of CBZ provide inconclusive evidence for prevention of alcohol withdrawal seizures
and delirium tremens in comparison with benzodiazepines. Benzodiazepines remain
the primary treatment of moderate to severe alcohol withdrawal syndrome (Barrons
and Roberts, 2010).

2.1.2 Mechanism of action
CBZ is a common antiepileptic drug that acts through multiple mechanisms including
blockade and potentiation of cation channels and modulation of neurotransmitter
levels (Beutler et al., 2005).
CBZ inhibits sodium channel activity, and this may be the main mechanism of their
anticonvulsant effects (Bertilsson and Tomson, 1986). This appears to be mediated by
a slowing of the rate of recovery of voltage-activated sodium channels from
inactivation (Brunton and Chabner, 2011).
CBZ also inhibits Voltage-gated calcium channels although perhaps not at
therapeutically relevant concentrations. Accordingly, this effect may be not
significant for the anticonvulsant activity of these drugs. CBZ inhibits glutamate
release, but the correlation between a decreased glutamate release and the
anticonvulsant activity is uncertain. CBZ antagonizes the adenosine (A1) receptor,
increased dopaminergic transmission and potentiated voltage-gated potassium
channels (Bertilsson and Tomson, 1986).

2.1.3 PK properties
The PK of CBZ is complex. CBZ is influenced by its limited aqueous solubility and
by the ability of many anti-seizure drugs, including CBZ itself, to increase their
conversion to active metabolites by hepatic oxidative enzymes (Brunton and Chabner,
2011).
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Most oral formulations of CBZ are well absorbed with high bioavailability (Bertilsson
and Tomson, 1986) and the rate or extent of absorption was not be affected by food
(Tolou et al., 2013).
After oral ingestion, CBZ is rapidly absorbed and the time required to achieve the
maximum concentration (Tmax) is formulation-dependent with a bioavailability of 75–
85% (Pastalos, 2013). Peak concentrations in plasma usually are observed 4-8 hours
after oral ingestion, but may be delayed by as much as 24 hours, especially following
the administration of a large dose (Brunton and Chabner, 2011).
A study shows that the systemic availability of CBZ given as an oral syrup to be equal
to its availability when given intravenously (Gérardin et al., 1990).
CBZ distributes rapidly into all tissues (Brunton and Chabner, 2011), CBZ volume of
distribution is about 0.8–2.0 L/kg (Pastalos, 2013) and plasma protein binding is 75%
(Bertilsson, and Tomson, 1986 and Pastalos, 2013) and may reach 80% of the total
plasma concentration (Tolou et al., 2013).
CBZ is distributed into breast milk, concentrations in breast milk and in the plasma of
nursing infants have been reported to reach 60% of the maternal plasma
concentration. Therefore, the possibility exists that CBZ may cause adverse effects in
the nursing infant (Thomson, 2007).
CBZ is extensively (Pastalos, 2013) or completely (Tolou et al., 2013) metabolized in
the liver, primarily by CYP3A4, to CBZ -10,11-epoxide which is pharmacologically
active (Tolou et al., 2013 and Pastalos, 2013).
The protein binding of the pharmacologically active metabolite, CBZ -10,11-epoxide,
is 50% (Pastalos, 2013).
CBZ-10,11-epoxide which is further metabolized by hydration before excretion. This
epoxide-diol pathway is induced during long term treatment with CBZ (Bertilsson and
Tomson, 1986). Hepatic CYP3A4 is primarily responsible for biotransformation of
CBZ. CBZ epoxide is as active as the parent compound in various animals, and its
concentrations in plasma and brain may reach 50% of those of CBZ (Brunton and
Chabner, 2011). CBZ is almost completely epoxidised to the active metabolite CBZ
epoxide, which is in turn converted to CBZ diol (Battino et al., 1995), the hydration
step of CBZ epoxide is catalyzed by microsomal epoxide hydrolase (Kitteringham et
al., 1996). CBZ diol is inactive compound and excreted in the urine principally as
glucuronide (Brunton and Chabner, 2011).
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CBZ induces its own metabolism, leading to increase its clearance, shortened serum
half-life, and progressive decrease in serum levels. Increases in daily dosage are
necessary to maintain plasma concentration (Tolou et al., 2013). This occurs, in
chronic treatment, due to autoinduction of the drug metabolism (Giunchedi et al.,
1991).
Increasing the disposition of other drugs that are substrates of the induced enzymes is
called heteroinduction (Oscarson et al., 2006).
CBZ initial half-life values range from 25-65 hours, decreasing to 12-17 hours on
repeated doses because of autoinduciton of metabolism. CBZ -10,11-epoxide half life
is about 5 to 8 hours (Thomson, 2007). Frequently, CBZ half-life may be further
shortened by co-administration of other enzyme inducer drugs (Giunchedi et al.,
1991).
CBZ is a potent inducer of a broad spectrum of drug-metabolising enzymes and drug
transporters in the human liver, and these effects are mediated at least in part by
activation of pregnane X receptor (PXR) including multiple CYP genes in the
CYP1A, CYP2A, CYP2B, CYP2C, and CYP3A subfamilies, as well as glutathione Stransferase A1 resulting in serious interactions with many commonly prescribed drugs
(Oscarson et al., 2006).
CBZ is not a substrate for P-glycoprotein (P-gp). So that, the interaction of CBZ with
drugs that modulate both CYP3A4 and P-gp function such as verapamil is probably
due to inhibition of CYP3A4 and not P-gp (Owen et al., 2001).

2.1.4 Side effects
Side effects of CBZ referable to the CNS are frequent at concentrations above 9
µg/mL (Brunton and Chabner, 2011). Adverse neurologic and sensory effects of CBZ
include dizziness, vertigo, drowsiness, fatigue, ataxia, disturbances of coordination,
confusion, headache,

nystagmus,

blurred vision,

transient

diplopia, visual

hallucinations, hyperacusis, oculomotor disturbances, speech disturbances, and
abnormal involuntary movements.
Adverse gastrointestinal effects of CBZ include nausea, vomiting, gastric distress,
abdominal pain, diarrhea, constipation, anorexia, dryness of the mouth and pharynx,
glossitis, and stomatitis. Severe adverse dermatologic effects of CBZ include pruritic
and erythematous rashes, urticaria, photosensitivity reactions, alterations in skin
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pigmentation, toxic epidermal necrolysis (Lyell's syndrome), and exfoliative
dermatitis (Bethesda, 2007).
CBZ-induced hyponatremia is a moderately well described side effect and may be
responsible for some of the more highly reported signs and symptoms associated with
CBZ adverse effects. Minimal consensus has been found regarding both dosage/level
of CBZ and polypharmacy as a predisposing risk factor, whereas age is most probably
not a predisposing risk factor in CBZ -induced hyponatremia (Gandelman, 1994).

2.2 Cytochrome P450
Drug metabolism occurs in many sites in the body, including the liver, intestinal wall,
lungs, kidneys, and plasma. As the primary site of drug metabolism, the liver
functions to detoxify and facilitate excretion of xenobiotics (foreign drugs or
chemicals) by enzymatically converting lipid-soluble compounds to more watersoluble compounds. Drug metabolism is achieved through phase I reactions, phase II
reactions, or both. The most common phase I reaction is oxidation, which is catalysed
by the CYP system (Danielson, 2002).
CYP enzymes are best known for their central role in phase I drug metabolism where
they are of critical importance to two of the most significant problems in clinical
pharmacology, drug interactions and interindividual variability in drug metabolism
(Monette et al., 2005).
CYP enzymes form a ubiquitous and very large super family of haem protein
monooxygenases that metabolise physiologically important compounds vital to life of
most organisms from protists to plants to mammals (Nelson et al., 1996).
The CYP isoenzymes are embedded primarily in the lipid bilayer of the endoplasmic
reticulum of hepatocytes (Tanaka, 1998).
CYP enzymes act as catalyseres for the synthesis of steroid, hormones, cholesterol,
bile acids and arachidonate metabolites, and degradation of endogenous compounds
including fatty acids and steroids. The reactions catalysed by CYP enzymes include
both aliphatic and aromatic hydroxylation, N-, O- and S-dealkylations via an initial
hydroxylated intermediate, as well as oxidation of hetero atoms (Paul, 1995).
In addition CYP enzymes play a key role in the metabolism of drugs and other
xenobiotics (Estabrook et al., 2003).
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The substrates of CYP enzymes are predominantly hydrophobic compounds with
products generally made more water soluble by monooxygenation (Paul, 1995).
CYP enzymes was once believed to be mainly a hepatic drug detoxification system,
but is now understood to include a myriad of enzymatic reactions implicated in
important life processes and those genes code for CYP isoenzymes can have a role in
metabolism of drugs, foreign chemicals, arachidonic acid and eicosanoids, cholesterol
metabolism and bile-acid biosynthesis, steroid synthesis and metabolism, vitamin D3
synthesis and metabolism, retinoic acid hydroxylation and those of still unknown
function (Nebert and Russell, 2002).
CYP enzymes contain a single iron protoporphyrin IX prosthetic group (Lin and lu,
1998). Roughly a third of CYP enzymes are involved in the biosynthesis of essential
sterols, signaling molecules or regulatory factors, a third of which are largely devoted
to the metabolism of xenobiotics and a third with functions that remain unclear (Paul,
2013).
Approximately 70% of human liver CYP is accounted for by CYP1A2, CYP2A6,
CYP2B6, CYP2C, CYP2D6, CYP2E1 and CYP3A enzymes. Among these, CYP3A
(CYP3A4 and CYP3A5) and CYP2C (CYP2C8, CYP2C9, CYP2C18 and CYP2C19)
are the most abundant subfamilies, accounting for 30% and 20% of the total CYP,
respectively. Other isoforms are minor contributors to the total CYP: CYP1A2 at
13%, CYP2E1 at 7%, CYP2A6 at 4%, CYP2D6 at 2% and CYP2B6 at 0.2% (Lin and
lu, 1998).

2.2.1 History
Klingenberg, the first who discovered CYP in 1954 during his research on steroid
hormone metabolism, when he extracted a novel protein from hepatocytes
(Klingenberg, 1958).
It was almost a decade later that the function and significance of CYP were
determined. In 1963, the role of CYP as a catalyst in steroid hormone synthesis and
drug metabolism was described by Estabrook, Cooper, and Rosenthal. Later Cooper
and colleagues confirmed CYP to be a key enzyme involved in drug and steroid
hydroxylation reactions (Cooper et al., 1965).
Efforts to purify CYP enzymes from human liver began in earnest in the late 1970s.
The first CYP enzyme to be purified were isolated without regard to any catalytic
activities and these first purified enzymes can now be recognized to be in the CYP 2C
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and 3A gene families. Then, some CYP enzymes were purified from human liver on
the basis of particular catalytic activities, later cDNAs were isolated on the basis of
their recognition by antibodies raised against human and animal CYP enzymes (from
expression libraries) and cDNAs for animal CYP enzymes. These isolated DNA
probes allowed genomic clones to be isolated and characterized. Today these human
CYP enzymes are grouped into families on the basis of their primary sequences when
they become available (Guengerich, 1992).
Numerous CYP proteins have since been discovered and found to be widespread
throughout the body, demonstrating significant involvement in chemical activation,
deactivation, and carcinogenesis (Estabrook et al., 2003).

2.2.2 Nomenclature
CYP enzymes are so named by (cytochrome) because they are bound to membranes
within a cell (cyto) and contain a haem pigment (chrome) (Tomlynch and Amy, 2007)
and P450 for the spectral absorbance peak of their carbon-monoxide-bound species at
450 nm (Danielson, 2002).
As the human genome project completed, there are 57 genes and more than 59
pseudogenes divided among 18 families of CYP genes and 43 subfamilies have been
detected (Wang et al., 2010).
Among 57 human CYP enzymes, the CYP3A4 isoform is the most abundant and the
most important because it metabolizes the majority of administered drugs (Ohkura et
al., 2009 and Sevrioukova and Poulos, 2013).
The present system of nomenclature for the various CYP isozymes employs a threetiered classification based on the conventions of molecular biology: the family
(members of the same family display > 40% homology in their amino acid
sequences), subfamily (55% homology), and individual gene. This pedigree is
indicated by, respectively, an Arabic numeral (family), a capital letter (subfamily) and
another Arabic numeral (gene), e.g. CYP1A2 (Zakia, 2008).
It has been estimated that A 90% of human drug oxidation can be attributed to six
main enzymes (CYP1A2, CYP2C9, CYP2C19, CYP2D6, CYP2E1 and CYP3A4/5)
(Tanaka, 1998).
In humans, CYP enzymes are the major enzymes involved in drug metabolism and
bioactivation, accounting for almost 75% of the total drug metabolism (Wang et al.,
2010).
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2.2.3 Structure
All CYP enzymes exhibit similarity in their structure and general mechanism of
action, however there are significant differences in the detailed function of individual
enzymes as well as in the structures and properties of their active sites (Anzenbacher
and Anzenbacherová, 2001). CYP enzymes show variable regions and diversity in the
primary, secondary, and tertiary sequences as well. Such variability in structure is
likely to be associated with recognition and binding of structurally diverse substrates,
redox pertners and targeting cellular location of the protein (Graham and Peterson,
1999).
Despite broad substrate diversity, all CYP enzymes have significant structural
constraints on their activity, CYP enzyme must control water access to the active
center to avoid the conversion of activated dioxygen to superoxide. Thus, the binding
sites of CYP isozymes must be structurally diverse, yet it must conserve a mechanism
of catalysis and solvent exclusion (Prasad and Mitra, 2004).
Structural flexibility/dynamics and substrate mobility in CYP enzymes are therefore
expected to play important roles in controlling substrate binding orientation during
catalysis, and in accommodating diverse range of substrates within haeme pocket. The
regions that are believed to show variability and flexibility with substrates binding are
helices A,B,B',F, and G and their adjacent loops (Guengerich, 1991).
In addition to the protein dynamics, substrates mobility in the active site region of the
enzyme has also been recognized to play an important role in positioning the substrate
hydroxylation (Prasad and Mitra, 2002).
For different CYP enzymes, specificity control is governed by the entry of the
substrate into the active site and the direct interaction of amino acids in the active site
with the substrate. Substrates often bind to the enzyme active site in several different
configurations, resulting in multiple metabolites with regio- and stereo-specificity
unique to each isoform (Lin and lu, 1998).

2.2.4 CYP chemical activity
CYP enzymes can act and change chemical entities inside the body by their ability to
do some chemical interactions with their substrates as the following examples:


Insert an oxygen into a C-H or N-H bond to give the corresponding hydroxyl
derivative.



Catalyze the epoxidation of olefinic or aromatic π-bonds.
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Add an oxygen atom to the electron pair of a nitrogen or sulfur atom, resulting in
the formation of an N-oxide or S-oxide (Paul, 2013).

The most intensively studied route of drug metabolism is the CYP enzyme-catalysed
MFO reaction. This MFO reaction conforms to the following stoichiometry:

NADPH + H+ + O2 + RH

NADP + + H2O + ROH

Where RH represents an oxidisable drug substrate and ROH is the hydroxylated
metabolite, the overall reaction being catalysed by the CYP enzyme (Tanaka, 1998).
Chemically, the most impressive of the CYP enzymes reactions is oxidation of an
unactivated C-H bond to an alcohol. If the oxidation occurs within a hydrocarbon
chain, the alcohol is the terminal product, but if the hydroxylation occurs at a C-H
bond adjacent to a heteroatom, the product is usually chemically unstable. The
resulting intermediate undergoes an internal elimination reaction that produces two
fragments, one with a carbonyl group and the other with a hydroxyl, amine or thiol
function, depending on the nature of the relevant heteroatom in the parent drug. This
type of fragmentation reaction, or a variation of it, is the most common basis for the
CYP-catalyzed release of a drug from its prodrug form (Paul, 2013).
The catalytic turnover of CYP enzymes requires two electrons per substrate oxidation
event. For all the mammalian drug-metabolizing CYP enzymes, these electrons are
provided by nicotinamide adenine dinucleotide phosphate (NADPH) cytochrome
P450 reductase (Iyanagi et al., 2012). Although the second electron can sometimes be
provided by cytochrome b5 or cytochrome b5 reductase. CYP reductase is a protein
with two flavin prosthetic groups that uncouples the two electrons provided by
NADPH and delivers them individually to the P450 haem group.
Under anaerobic or hypoxic conditions, CYP enzymes can accept the electrons from
CYP reductase and use them to catalyze reductive reactions. Furthermore, CYP
reductase itself, as a one-electron donor, can directly promote the reduction of certain
functionalities, such as nitro groups (Paul, 2013).

2.2.5 CYP3A4
Among 57 human CYP enzymes, the CYP3A4 isoform is the most abundant and the
most important because it metabolizes the majority of administered drugs
(Sevrioukova and Poulos, 2013), CYP3A4 to oxidize over half of all administered
drugs (Guengerich, 1991). A remarkable feature of CYP3A4 is its extreme
14

promiscuity in substrate specificity and cooperative substrate binding, which often
leads to undesirable DDIs and toxic side effects. Owing to its importance in drug
development and therapy, CYP3A4 has been the most extensively studied mammalian
CYP (Sevrioukova and Poulos, 2013).
The functional activity of CYP3A varies based on issues such as interaction with one
or more substrates and between individuals and/or localization. For CYP3A
substrates, intrinsic clearance is the component of total clearance that is contributed
by the enzymes. Depending on the route of administration and the contribution of
hepatic blood flow to overall clearance, sensitivities to changes in CYP3A activities
may differ. Additionally, age may influence the hepatic blood flow and, in turn, affect
CYP3A activity. CYP3A activity has been reported to be induced and/or inhibited in
the presence of some sex steroids. Based on published studies for most CYP3A
substrates, sex does not appear to influence clearance; however, with certain
substrates significant sex-related differences are found. In such cases, women
primarily have higher clearance than men (Monette et al., 2005).
The first molecular structures of human CYP3A4 were recently determined, revealing
an active site of sufficient size and topography to accommodate either large ligands or
multiple smaller ligands, as suggested by the heterotropic and homotropic
cooperativity of the enzyme (Scott and Halpert, 2005).
CYP3A4 exhibits a relatively large substrate-binding cavity (is similar to that of CYP
2C8) that is consistent with its capacity to oxidize bulky substrates such as
cyclosporin, statins, taxanes, and macrolide antibiotics. The shape of the active site
cavity differs considerably due to differences in the folding and packing of portions of
the protein that form the cavity. Compared with CYP2C8, the active site cavity of
3A4 is much larger near the haem iron. The lower constraints on the motions of small
substrates near the site of oxygen activation may diminish the efficiency of substrate
oxidation, which may, in turn, be improved by space restrictions imposed by the
presence of a second substrate molecule (Yano et al., 2004).
The haem pocket of CYP3A4 is very flexible and is able to interact with various types
of substrate (Ohkura et al., 2009).
The structures represent two distinct open conformations of CYP3A4 because
ketoconazole and erythromycin induce different types of coordinate shifts. The
binding of two molecules of ketoconazole to the CYP3A4 active site and the clear
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indication of multiple binding modes for erythromycin has implications for the
interpretation of the atypical kinetic data often displayed by CYP3A4. The extreme
flexibility revealed by the present structures also challenges any attempt to apply
computational design tools without the support of relevant experimental data (Ekroos
and Sjögren, 2006).

2.2.5.1 Maturation and isoenzymes of CYP3A
The maturation of drug-metabolising enzymes is probably the predominant factor
accounting for age-associated changes in non-renal drug clearance. The CYP3A
subfamily consists of at least 3 isoforms: CYP3A4, 3A5 and 3A7. CYP3A4 is the
most abundantly expressed CYP and accounts for approximately 30 to 40% of the
total CYP content in human adult liver and small intestine. CYP3A5 is 83%
homologous to CYP3A4, is expressed at a much lower level than CYP3A4 in the
liver, but is the main CYP3A isoform in the kidney (De Wildt et al., 1999).
In individuals who express CYP3A5, the percentage contributed to total hepatic
CYP3A by this isoform is still unclear, with estimates ranging from 17% to 50%.
CYP3A5 is also expressed in a range of extrahepatic tissues (Daly, 2006).
CYP3A7 is the major CYP isoform detected in human embryonic, fetal and newborn
liver, but is also detected in adult liver, although at a much lower level than CYP3A4.
Ontogeny of CYP3A activity has been studied in vitro and in vivo. CYP3A7 activity
is high during embryonic and fetal life and decreases rapidly during the first week of
life. Conversely, CYP3A4 is very low before birth but increases rapidly thereafter,
reaching 50% of adult levels between 6 and 12 months of age. During infancy,
CYP3A4 activity appears to be slightly higher than that of adults. These changes
have, in many instances, proven to be of clinical significance when treatment involves
drugs that are substrates, inhibitors or inducers of CYP3A. Investigators and
clinicians should consider the impact of ontogeny on CYP3A in both PK study design
and data interpretation, as well as when prescribing drugs to children (De Wildt et al.,
1999). Elimination of carbamazepine is reported to be more rapid in children and
accumulation of the active metabolite may often be higher than in adults it appears to
be considerably shorter in children than in adults (Sweetman, 2009).
CYP3A43 is the most recently discovered CYP3A isoform. In addition to a low level
of expression in liver, it is expressed in prostate and testis. Its substrate specificity is
currently unclear (Daly, 2006).
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2.3 CYP enzymes induction
CYP induction is thought to be a defense mechanism against varying exposure to
toxic components in plants eaten as food. Therefore, it is to be expected that the
induction results in decreased concentrations of the active compounds, which is true
in most, but not all cases (Fuhr, 2000).
Although the phenomenon of CYP enzymes induction has been known for more than
4 decades, only in recent years have we begun to uncover the mechanisms involved in
induction (Lin and lu, 1998).
CYP induction has the net effect that more protein is present and usually results in an
increased turnover of xenobiotics (Fuhr, 2000).
The clearance rate of substrate drugs can be dynamically altered by the acceleration of
enzyme synthesis in an inducer concentration-dependent manner. Since enzyme
synthesis is assumed to obey zero-order kinetics, the action of the inducer on enzyme
synthesis starts immediately. Therefore, the gradual increase in CYP activity over
several days’ exposure to the inducer is attributed simply to the slow degradation rate
of these enzymes (Yamashita et al., 2013).
It is rather difficult to predict the time-course of enzyme induction because of several
factors, including the drug half-life and enzyme turnover, which determine the timecourse of induction. A complicating factor is that the time-course of induction
depends on the time required for enzyme degradation and new enzyme production
(Tanaka, 1998).
Clinically significant CYP induction results from a more than 50-fold increase in the
number of enzyme molecules. This generally occurs through an increase in CYP
synthesis by either receptor-mediated transcriptional activation or mRNA
stabilization. However, protein stabilisation leading to decreased rates of CYP
degradation has also been noted (Piscitelli et al., 2011).
Unlike CYP inhibition, which is an almost immediate response (Lin and lu, 1998),
there is usually a delay before enzyme activity increases, depending on the half-life of
the inducing drug (Tomlynch and Amy, 2007).
RIF is a drug of relatively short half life so it's enzyme inducing effect on CYP2A9
occurs within 24 hours in comparison with the very long half life Phenobarbital
which need up to one week to show it's induction effect on the same enzyme
CYP2A9 (Michalets, 1998).
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CYP enzymes induction is a slow regulatory process that can reduce drug
concentrations in plasma, and may compromise the efficacy of the drug in a timedependent manner (Lin and lu, 1998).
A drug also may be metabolized by the same CYP enzyme that it induces (auto
induction). CBZ, a potent enzyme inducer, must be initiated at a low dose and then
increased at weekly intervals as its half-life gradually decreases over time (Tomynch
et al., 2007).
For those substances that are inactive but are biotransformed to active metabolites,
enzyme induction may result in higher concentrations of the active components (Fuhr,
2000).
CYP induction has the net effect of increasing protein levels. However, many
inducers are also inhibitors of the enzymes they induce, and the inductive effects of a
single drug may be mediated by more than one mechanism. Therefore, it appears that
every inducer has its own pattern of induction; knowledge of the main mechanism is
often not sufficient to predict the extent and time course of induction, but may serve
to make the clinician aware of potential dangers (Fuhr, 2000).
It should be kept in mind that not all CYP enzymes are inducible, CYP2D6 has no
known inducer to date (Hewitt et al., 2007).

2.3.1 Mechanisms of CYP enzymes induction
While in most cases, CYP induction is the consequence of an increase in gene
transcription. However not all increases in enzyme levels are due to this mechanism.
Some nontranscriptional mechanisms also are known to be involved (Lin and lu,
1998).
There are two types of CYP enzymes induction:
2.3.1.1 Ligand stabilisation of the enzyme/Ethanol-type induction
Ethanol-type inducers stabilise the enzyme from degradation by a fast mechanism,
resulting in an accumulation of the enzyme. However, in this case, the increased
amount of protein is not generally available for drug metabolism. The inducers bound
to the binding site may act as competitive inhibitors. With this mechanism,
immediately after the start of exposure towards an ethanol-type inducer, inhibition of
the enzyme will usually be predominant. After induction has been fully developed,
effective enzyme activity may return to pre-exposure levels, with higher amounts of
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the enzyme but with a lower specific activity. It is only after the end of exposure that
a more rapid turnover of substrates is observed, thought to be typical for
induction. This effect, however, would be limited to a short period of time as the
accumulated enzyme is degraded and reaches pre-exposure amounts (Chien et al.,
1997).
Ethanol-type induction appears to be limited to a single main target, CYP2E1
(Gonzalez et al., 1991). The pharmacokinetic consequences of ethanol-type induction
of CYP2E1 are minor. Human CYP2E1 is known to be responsible for the formation
of the toxic metabolite of paracetamol, N-acetyl-p-benzoquinone imine (Raucy et al.,
1989).
Long term alcoholism and paracetamol ingestion, thus, presents a complex and
serious problem. The time interval between the last consumption of alcohol and
ingestion of paracetamol is very important. If paracetamol is taken in the morning
because of a headache as a result of heavy drinking the night before, there is a high
risk of hepatotoxicity. This is because the alcohol concentration is insufficient to
inhibit the formation of N-acetyl-p-benzoquinone imine in the liver where CYP2E1
enzyme activity was induced, resulting in an increased formation of the toxic
metabolite. However, if paracetamol and alcohol are taken at the same time, the
formation of the metabolite is not expected to increase because of the opposite effects
of alcohol inhibition and induction. As the contribution of CYP2E1-dependent
metabolic pathways to overall metabolism appears to be negligible for nearly all
drugs, chlorzoxazone is the only drug requiring a higher dosage in the presence of
higher CYP2E1 activity (Fuhr, 2000).
Troleandomycin induces human CYP3A4, but the mechanism is not transcriptional.
Troleandomycin produces no increase in the rate of CYP3A4 protein synthesis (Lin
and lu, 1998).
CYP2E1 induction by isoniazid involves the stabilization of the enzyme itself rather
than de novo synthesis (Hewitt et al., 2007).
2.3.1.2 Intracellular ‘receptors’ mediated enzyme induction
The transcriptional induction in a cascade process includes a sequence of events as
follow:
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1. The inducer enters the cell via passive diffusion and or active uptake.
2. The nuclear receptors, aryl hydrocarbon receptor (AhR) and constitutive
androstane receptor (CAR) are both located in the cytoplasm and PXR is mainly
located in the nucleus.
3. Once the drug binds to AhR and CAR they are translocated to the nucleus.
4. The activated receptors form heterodimers with other factors which bind to
response elements leading to the transcription of the respective CYP isoform.
5. mRNA translocates to the cytoplasm where the translation in to CYP and other
active protein occurs (Hewitt et al., 2007).
2.3.1.2.1 Induction via the aryl hydrocarbon (Ah) receptor
This mechanism of induction is based on increased protein synthesis, mainly initiated
by the binding of the inducer to the intracellular AhR. This complex, together with
another protein, Ah receptor nuclear translocator (Arnt), increases enzyme expression
by binding to an enhancer/promoter region. CYP 1A1 and 1A2 are inducible by this
mechanism (Fuhr, 2000).There are only a few currently used drugs that are primarily
metabolised by CYP1A2: these are theophylline, caffeine, tacrine, clozapine and
flutamide (Tantcheva et al., 1999).
Therapeutic drugs acting as inducers via the Ah receptor are rare, with drugs as
inducers of this receptor type. Tobacco smoke polycyclic aromatic hydrocarbons are
the classical inducers of the Ah receptor pathway (Fuhr, 2000).
Coffee (Tantcheva et al., 1999), and grilled meat (Fontana et al., 1999) has been
shown to induce CYP1A2 (and CYP1A1). Indeed, it has been speculated that 90% of
all known procarcinogens are activated by CYP1A1 and 1A2 (Rendic et al., 1997).
During discussion of the inductive properties of omeprazole, it became obvious that it
is not clear whether activation of the Ah receptor pathway confers a risk by increased
activation of procarcinogens or a benefit by a more rapid elimination of potentially
dangerous chemicals (Fuhr, 2000). A possible genetic polymorphism in Ah receptor–
mediated inducibility may contribute further to the complexity of the situation
(Rannug et al., 1995)
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2.3.1.2.2 Peroxisome proliferator induction
However, the term ‘peroxisome proliferator’ may not be appropriate in humans, as
peroxisome proliferation has been observed in laboratory animals but not in humans.
Two classes of drugs, glitazones and fibrates, are known to bind to the 2 peroxisome
proliferator activated receptors (PPARs), PPAR α and PPAR λ (Staels et al., 1998).
There are many gaps in our knowledge of the molecular mechanisms mediating the
effects of fibrates and glitazones in humans. It appears that drug metabolising
enzymes are not involved to a relevant extent in this type of induction (Fuhr, 2000).
2.3.1.2.3 Constitutive androstane receptor (CAR)/phenobarbital-type induction
Phenobarbital was among the first agents to be recognised as increasing the
expression of CYP enzymes and reducing the effect of drugs metabolised by such
enzymes in humans. CAR is the molecular target and mediator of Phenobarbital-type
induction. It is not entirely clear which drug-metabolising enzymes may be induced
by phenobarbital-type induction and to what extent. It appears that the most
pronounced inductive effect is on CYP2B6, and that clear effects also exist on
CYP2C8,

CYP2C9,

CYP3A4,

CYP1A2

and

some

Uridine

5'-diphospho-

glucuronosyltransferase (UGTs), whereas no induction of human CYP2C19 or
CYP2D6 was seen. Thus, the drugs metabolized by enzymes subject to phenobarbitaltype induction include a major fraction of all drugs undergoing biotransformation
(Fuhr, 2000).
The most important drugs used in humans showing this type of induction are
anticonvulsants, mainly phenobarbital, phenytoin, CBZ and primidone, and the 2
oxazaphosphorines, cyclophosphamide and ifosfamide. Taking into account the long
half-life of some anticonvulsants and the several days needed for enzyme induction to
fully develop, it may take 3 weeks to achieve a new dynamic equilibrium upon any
change in drug administration or metabolism. This problem, together with the narrow
therapeutic range of anticonvulsants and the existence of active metabolites, is a
strong argument for therapeutic drug monitoring of these agents. It should be pointed
out that the molecular mechanism of phenobarbital-type induction often shows partial
overlap with that of the PXR, which was recently recognised to mediate CYP3A4
induction, for example by RIF (Lehmann et al., 1998).
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2.3.1.2.4 Pregnane X receptor (PXR)-type induction
PXR has been found in the cytoplasm but it is mainly located in the nucleus. Once
activated, these receptors form heterodimers with other factors, such as Arnt (AhR
nuclear translocator) and retinoid X receptor (RXR for both PXR and CAR) and then
bind to the target xenobiotic response elements (XRE) located in both the proximal
and distal CYP gene promoters, resulting in the transcription of the respective CYP
enzymes. The induction formerly termed RIF / glucocorticoid-type appears to be
mediated by an orphan receptor. (Lehmann et al., 1998).
To our knowledge, there are no clinical studies showing that glucocorticoids enhance
the metabolism of CYP3A4 substrates in humans. The loss of effect of oral
contraceptives when taken with RIF was an early observation recently investigated in
more detail. In this study, daily doses of 300mg reduced both maximum plasma
concentration and terminal elimination half-life of ethinylestradiol and norethindrone
by roughly 60% for RIF and 30% for rifabutin. Increased spotting confirmed that
prevention of inadvertent pregnancy may be compromised (Fuhr, 2000).
2.3.2 CYP induction consequences
It is difficult to assess the significance of enzyme induction in clinical practice.
Although clearly there are DDIs with high clinical relevance caused by induction,
clinical studies are sparse in this area. Indeed, most of the data available on enzyme
induction originate from studies in laboratory animals. The possible pharmacokinetic
consequences of enzyme induction depend on the localisation of the enzyme. They
include decreased or absent bioavailability for orally administered drugs, increased
hepatic clearance or accelerated formation of reactive metabolites, which is usually
related to local toxicity. For any potent inducer, however, its addition to, or
withdrawal from, an existing drug regimen may cause pronounced concentration
changes and should be done gradually and with appropriate monitoring of therapeutic
efficacy and adverse events (Fuhr, 2000).
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In drug therapy, there are 2 major concerns related to CYP induction.
2.3.2.1 The PK consequences depend on the localization of the protein with
increased activity, and on the pharmacological activity of the parent compounds and
their metabolites. Induction will result in a reduction of pharmacological effects
caused by increased drug metabolism (Fuhr, 2000).
2.3.2.2 The toxicological consequences of enzyme induction in humans are rare, and
appear to be mainly limited to hepatoxicity in ethanol-type induction. Induction may
create an undesirable imbalance between ‘toxification’ and ‘detoxification’. Like a
double-edged sword, induction of drug metabolising enzymes may lead to a decrease
in toxicity through acceleration of detoxification, or to an increase in toxicity caused
by increased formation of reactive metabolites. Depending upon the delicate balance
between detoxification and activation, induction can be a beneficial or harmful
response (Fuhr, 2000).

2.4 Rifampicin
The united states adapted name (USAN) of RIF is Rifampin, which is a bactericidal
antibiotic drug of the rifamycin group (Susan et al., 2005). It is a semisynthetic
compound derived

from

Amycolatopsis

rifamycinica (formerly known as

Amycolatopsis mediterranei and Streptomyces mediterranei) (Sensi et al., 1954).

2.4.1 Mechanism of action
RIF acts by inhibiting the b-subunit dependent DNA–RNA polymerase to form a
stable drug-enzyme complex, that leads to suppression of DNA formation by
Mycobacterium tuberculosis (Sousa et al., 2008).

2.4.2 Antibacterial activity
RIF inhibits the growth of most gram-positive bacteria as well as many gram-negative
microorganisms such as Escherichia coli, Pseudomonas, indole-positive and indolenegative Proteus, and Klebsiella. RIF is very active against Staphylococcus aureus
and coagulase-negative staphylococci. The drug also is highly active against Neisseria
meningitidis and Haemophilus influenzae. RIF inhibits the growth of Legionella
species in cell culture and in animal models. RIF is also bactericidal against
Mycobacterium (M.) leprae. M. kansasii is inhibited by 0.25-1 mg/L. Most strains of
M. scrofulaceum, M. intracellulare, and M. avium are suppressed by concentrations of
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4 mg/L. RIF for oral administration is available alone and as a fixed-dose combination
with isoniazid (150 mg of isoniazid, 300 mg of RIF; rifamate, others) or with
isoniazid and pyrazinamide (50 mg of isoniazid, 120 mg of RIF, and 300 mg
pyrazinamide) (Brunton, and Chabner, 2011).

2.4.3 Indications
RIF is indicated in combination with other antituberculosis medications in the
treatment of all forms of tuberculosis, including tuberculous meningitis (Thomson,
2007).
The dose of RIF for treatment of tuberculosis in adults is 600 mg, given once daily,
either 1 hour before or 2 hours after a meal. Children should receive 10-20 mg/kg
given in the same way (Brunton and Chabner, 2011).
RIF is also useful for the prophylaxis of meningococcal disease and H. influenzae
meningitis. For Meningitis caused by Haemophilus influenza type b give RIF for 4
days before hospital discharge for prevention of secondary case of H. influenzae type
b disease (Ahmed et al., 2011).
RIF is used in the treatment of close contacts of patients with proved or suspected
infections caused by Hemophilus influenza type b if at least one of the contacts is 4
years of age or younger. A close contact is defined as one who has spent 4 or more
hours per day for five of the seven most recent days with the index case (Thomson,
2007).
RIF 600 mg once daily for 4 days (regimen of choice for adults); child 1–3 months 10
mg/kg once daily for 4 days, over 3 months 20 mg/kg once daily for 4 days (max. 600
mg daily) (Ahmed et al., 2011).
To prevent meningococcal disease, adults may be treated with 600 mg twice daily for
2 days or 600 mg once daily for 4 days; children >1 month of age should receive 1015 mg/kg, to a maximum of 600 mg (Brunton and Chabner, 2011).
RIF is used in the treatment of close contacts of patients with proved or suspected
infection caused by Neisseria meningitidis. These contacts include other household
members, children in nurseries, persons in day care centers, and closed populations,
such as military recruits. Health care providers who have intimate exposure (e.g.,
mouth-to-mouth resuscitation) with index cases also should receive prophylactic
therapy (Thomson, 2007).
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Combined with a β-lactam antibiotic or vancomycin, RIF may be useful for therapy in
selected cases of staphylococcal endocarditis or osteomyelitis, especially those caused
by staphylococci "tolerant" to penicillin (Brunton and Chabner, 2011).
For treatment of endocarditis, if cardiac prostheses present, penicillin-allergic, or if
meticillin-resistant Staphylococcus aureus suspected, add RIF to the initial therapy
(Flucloxacillin and gentamicin) for at least 2 weeks in prosthetic valve endocarditis.
(Ahmed et al., 2011).
RIF may also be indicated for the eradication of the staphylococcal nasal carrier state
in patients with chronic furunculosis (Brunton and Chabner, 2011).
RIF is used in combination with other agents in the treatment of leprosy (Hansen's
disease) (Thomson, 2007).
RIF 600 mg once-monthly in combination with other drugs for the treatment of
Multibacillary leprosy (3-drug regimen), and for treating Paucibacillary leprosy (2drug regimen) (Ahmed et al., 2011).

2.4.4 PK of RIF
PK studies show a high inter-individual variability of RIF absorption characterized by
slow and fast absorption patterns (Peloquin et al., 1997).
RIF is highly lipophilic drug (Johnson and Smith, 2006), about 60% to 90% of the
drug is bound to plasma proteins (Hardman et al., 2001), other studies show 80%
bound to plasma proteins, mainly a-1-acid-glycoprotein (Johnson and Smith, 2006).
RIF is characterized by a plasma half-life of 2–5 h, demonstrating a high propensity
for distribution and intracellular tissue uptake (Sousa et al., 2008).
RIF is rapidly eliminated mainly in the bile. Up to 30% is excreted in urine. About
30% of the dose is excreted in the faeces (Sousa et al., 2008). RIF can accumulate in
patients with intrahepatic or extrahepatic obstructive jaundice. So it is contraindicated
in jaundice (Ahmed et al., 2011)
RIF’s ester functional group is quickly hydrolyzed in the bile; and it is catalysed by a
high pH and substrate-specific enzymes called esterases. After about six hours, almost
all of the drug is deacetylated. Even in this deacetylated form, RIF is still a potent
antibiotic; however, it can no longer be reabsorbed by the intestines and it is
subsequently eliminated from the body. Only about 7% of the administered drug will
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be excreted unchanged through the urine, though urinary elimination accounts for
only about 30% of the drug excretion (Rana et al., 2013).

2.4.5 Effects on human body enzymes
RIF is the most potent CYP inducer of all drugs used in clinical practice. It induces
almost all CYP enzymes such as (CYP3A4, CYP1A2, CYP2C9, CYP2C8 and
CYP2C18/19) (Brandon et al., 2003 and Finch et al., 2002).
RIF inhibits N-acetyltransferases and it alters the expression of membrane
transporters. RIF induces intestinal, blood brain barrier and hepatic P-gp and
multidrug resistance protein (MRP) expression, and it inhibits organic anion
transporting polypeptide 2 (OATP2). Most of these inducing effects are due to PXR
increased transcription; Moreover, RIF has an important role in hepatic drug uptake
and gastrointestinal absorption of drugs as it is a P-gp (Lau et al., 2004, Finch et al.,
2002 and Schuetz et al., 1996)
Based on tissue distribution of these membrane transporters, modulation of their
activity may result in significant alterations in the PK and, potentially, the
pharmacodynamics of several drugs (Sousa et al., 2008).
It has been observed that upon repeated RIF oral administration, its clearance
increases because of self-induced metabolism (autoinduction) (Acocella, 1978).
Despite the enzyme responsible for the metabolism of RIF has recently been
identified (Yang and Yan, 2007), it is still uncertain whether its expression can be
induced by a PXR-mediated mechanism, similar to CYP3A4 and other drug
metabolizing enzymes (Xie et al., 2003 and Nakajima et al., 2011). RIF, a wellcharacterized and potent inducer of CYP3A4 and it is frequently used as a positive
control or calibrator for evaluating the CYP3A4 induction potential of test compounds
(Yamashita et al., 2013).
RIF strongly induce the expression of CYP3A4 both in the liver and in the intestine
(Combalbert et al., 1998 and Kolars et al., 1992).
In one study, the hepatic CYP3A4 protein content was about 2.4 – 4.7 fold greater in
subjects using RIF than in organ donors not using RIF (Combalbert et al., 1998).
In another study, RIF increased the intestinal CYP3A4 mRNA content to 5-8 fold of
the control (Kolars et al., 1992).
The mechanism of RIF induction of CYP enzymes is mediated by the activation of
nuclear PXR, a member of the nuclear receptor superfamily (Sousa et al., 2008).
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Once activated, PXR forms a heterodimer with the retinoic receptor (RXR),
translocates into the nucleus, and acts as a transcriptional factor (Yamashita et al.,
2013).
Transactivation of PXR by RIF is regulated in a complex manner. RIF activated PXR
is negatively regulated by the small heterodimer partner (SHP), which can be induced
by farnesoid X receptor (FXR) ligands. SHP was shown to prevent the PXR/RXR
heterodimer from binding to DNA in a pull-down assay, while over-expression of
SHP inhibited transactivation of PXR by RIF (Ourlin et al., 2003).
However, RIF-activated PXR is known to suppress expression of the SHP gene, while
simultaneously interacting with peroxisome proliferators-activated receptor γ coactivator 1α (HNF4ɑ), Steroid receptor coactivator-1 (SRC-1) and peroxisome
proliferators-activated receptor γ co-activator 1α (PGC-1ɑ) to initiate transcription of
the CYP3A4 gene (Li and Chiang, 2006).
The levels of CYP3A4 mRNA post administration of RIF (using data compiled from
the literature); appear to be highest at around 48 h. In the present analysis, these
observations were regarded as a consequence of gene expression regulatory networks
and were described using a simplified negative feedback model (Yamashita et al.,
2013).
Another receptor, CAR, is also involved in CYP3A4 transcriptional regulation, but
RIF has a lesser effect on CAR than on PXR. RIF is responsible for broad changes in
the pattern of gene expression, rather than increased expression of a small number of
metabolic enzymes (Rae et al., 2001).
As explained RIF activates transcription of CYP3A4 and other CYP enzymes proteins
and also it activates many P-gp and RIF has been shown to be involved in several
drug–drug interactions (Rana et al., 2013 ).

2.4.7 Untoward effects
RIF is generally well tolerated in patients. Usual doses result in < 4% of patients with
Tuberculosis Bacilli (TB) developing significant adverse reactions (Brunton, and
Chabner, 2011). Some texts show that RIF has potential adverse effects on fetus as
cleft palate, Spina bifida in high doses in rodents but not known to be a human
teratogen (Stockton and Paller, 1990).
The most frequent adverse effects of RIF are GI disturbances, which include
heartburn, epigastric distress, nausea, vomiting, anorexia, abdominal cramps,
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flatulence, and diarrhea. Rarely, adverse GI effects may be severe enough to require
discontinuance of the drug. Although RIF should usually be administered 1 hour
before or 2 hours after food to ensure maximum absorption, adverse GI effects may
be minimized by administering the drug during or immediately after a meal.
Headache, drowsiness, fatigue, ataxia, dizziness, inability to concentrate, mental
confusion, behavioral changes, visual disturbances, muscular weakness, myopathy,
fever, generalized numbness, and pains in muscles, joints, and extremities have
occurred, especially during the first few weeks of RIF therapy (Wilson, 2004).
Thrombocytopenia,

leukopenia,

purpura,

hemolytic

anemia,

hemolysis,

hemoglobinuria, hematuria, and decreased hemoglobin concentrations have occurred
with RIF. Acute hemolytic anemia has generally occurred only with intermittent RIF
therapy. Thrombocytopenia has been reported principally with high-dose intermittent
RIF therapy, but also has been reported rarely after RIF therapy was discontinued and
then resumed; thrombocytopenia occurs only rarely during daily RIF therapy.
Thrombocytopenia generally is reversible if RIF is discontinued as soon as purpura
occurs; cerebral hemorrhage and fatalities have been reported when RIF therapy was
continued or resumed after the appearance of purpura. In addition, disseminated
intravascular coagulation has been reported rarely in patients receiving RIF (Wilson,
2004)

2.5 Drug-drug interactions
DDIs are an avoidable cause of patient harm. Harm may occur due to either increased
drug effect causing toxicity or decreased drug effect leading to therapeutic failure. A
drug interaction occurs when a patient’s response to a drug is modified by food,
nutritional supplements, formulation excipients, environmental factors, other drugs or
disease. DDIs may be beneficial or harmful (Ben et al., 2012).
Harmful DDIs are important as they cause 10–20% of the adverse drug reactions
requiring hospitalization and they can be avoided (Pirmohamed et al., 2004).
DDIs can cause profound clinical effects, either by reducing therapeutic efficacy or
enhancing toxicity of drugs (Prueksaritanont et al., 2013).
DDIs are one of the commonest causes of medication error in developed countries,
particularly in the elderly due to poly-therapy, with a prevalence of 20-40% (Palleria
et al., 2013).
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Furthermore, side effects due to DDIs in elderly patients because of their reduced
physiological functions are reportedly becoming more frequent and associated with
more severe symptoms (Tanaka, 1998).
Potential DDIs are frequent in drug prescription but clinically significant are the ones
which can result in changes of therapeutic effect of one of the two drugs or in adverse
drug reactions (ADRs) (Bucşa et al., 2013).
DDIs cause considerable morbidity and mortality worldwide and may lead to hospital
admission (Dhabali et al., 2012).
Mortality and morbidity are increased in patients experiencing DDIs. Critically ill
patients are at an increased risk of adverse events from DDIs due to the large number
of medications that they take and their changes in organ function (Smithburger et al.,
2012).
Drug interactions can have desired, reduced or unwanted effects. The probability of
interactions increases with the number of drugs taken. The high rate of prescribed
drugs in elderly patients (65-year-old patients take an average of 5 drugs) increases
the likelihood of drug interactions and thus the risk that drugs themselves can be the
cause of hospitalization. According to meta-analyses, up to 7% of hospitalisations are
drug-related (Cascorbi et al., 2012).
Not all CYP-mediated drug interactions are clinically significant. The clinical
significance of CYP-mediated drug interactions can be more concerning among drugs
with a narrow therapeutic window. This may require dosage adjustments for one or
more agents (McDonnell and Dang, 2013).
DDIs are one of the major causes for drug withdrawal from the market (Huang et al.,
2008).

2.5.1 Examples of withdrawn drugs due to DDIs
Several drugs have been withdrawn from the market because of significant DDIs that
led to QT interval prolongation and Torsades de Pointes (TdP) arrhythmias, after
warnings in drug labels did not adequately manage the risk of drug interactions. For
example, terfenadine and astemizole, two early nonsedating antihistamines
metabolized by CYP3A, were withdrawn after labeling failed to reduce cases of TdP
sufficiently, because fexofenadine and loratadine fulfilled the need for nonsedating
antihistamines that had no risk of TdP. Cisapride, a CYP3A metabolized drug, was
withdrawn because its gastrointestinal benefits were not felt to outweigh its TdP risk.
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A fourth drug, Mibefradil (a calcium channel blocker similar to verapamil and
diltiazem) was a strong CYP3A inhibitor and, when used with simvastatin, caused
rhabdomyolysis because of markedly increased simvastatin exposure (FDA, 2012).
Also mebanazine, nialamide and phenoxypropazine were withdrawn from UK due to
their hepatotoxicity and drug interactions (Fung et al., 2001).

2.5.2 Types of drug–drug interactions
2.5.2.1 Behavioural DDIs as altered compliance occur when one drug alters the
patient’s behaviour to modify compliance with another drug. For example, a
depressed patient taking an antidepressant may become more compliant with
medication as symptoms improve.

2.5.2.2 Pharmaceutic DDIs occur outside the body when the formulation of one drug
is altered by another before it is administered. For example, precipitation of sodium
thiopentone and vecuronium within an intravenous giving set.

2.5.2.3 Pharmacodynamic DDIs occur when interacting drugs have either additive
effects, in which case the overall effect is increased, or opposing effects, in which
case the overall effect is decreased or even ‘cancelled out’
2.5.2.4 PK DDIs occur when one drug changes the systemic concentration of another
drug, altering ‘how much’ and for ‘how long’ it is present at the site of action (Ben et
al., 2012).
PK is the study of the time course of the absorption, distribution, metabolism and
excretion (ADME) of a drug, compound or new chemical entity (NCE) after its
administration to the body (Fan and De lannoy, 2014).
PK drug interactions, typically characterized by alterations of plasma concentration–
time profiles, could be mediated via mechanistic changes in processes of absorption,
distribution, metabolism, and/or excretion (ADME) of a drug substance (victim) by
another compound (perpetrator) when they are given concomitantly (Prueksaritanont
et al., 2013).
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PK DDIs are one of the major causes of adverse events in pharmacotherapy, and
systematic prediction of the clinical relevance of DDIs is an issue of significant
clinical importance (Hisaka et al., 2009).

2.5.3. CYP enzymes as a site for DDIs.
The identification of drug metabolizing enzymes involved in the major metabolic
pathways of a compound helps in predicting the probable DDIs in human.
Compounds with more than one metabolic pathway have less likelihood of clinically
significant drug interactions (Singh, 2006).
Knowledge of the most important drugs metabolised by CYP enzymes, as well as the
most potent inhibiting and inducing drugs, can help minimize the possibility of
adverse drug reactions and interactions. Drugs that cause CYP metabolic drug
interactions are referred to as either inhibitors or inducers (Tomlynch and Amy,
2007).
The ability of a single CYP to metabolise multiple substrates is responsible for the
large number of documented drug interactions associated with CYP inhibition.
DDIs can also occur when the CYP responsible for the metabolism of a drug is
induced by long term treatment with another drug. Thus, definitive assessment of the
role of an individual CYP in a given metabolic pathway is essential in determining
and predicting the potential for drug interactions (Lin and lu, 1998).
From the viewpoint of drug therapy, to avoid potential DDIs, it is desirable to develop
a new drug candidate that is not a potent CYP inhibitor or inducer and the metabolism
of which is not readily inhibited by other drugs. The clinical significance of a
metabolic drug interaction depends on the magnitude of the change in the
concentration of active species (parent drug and/or active metabolites) at the site of
pharmacological action and the therapeutic index of the drug. The smaller the
difference between toxic and effective concentration, the greater the likelihood that a
drug interaction will have serious clinical consequences (Lin and lu, 1998).
Interindividual variability in drug metabolism is a critical issue in drug therapy. Many
factors contribute to the interindividual variability in drug metabolism. Among these,
the genetic factor represents an important source of variability. Mutations in the gene
for a drug metabolising enzyme could result in enzyme variants with higher, lower or
no activity, or result in the absence of the enzyme. It should be emphasised that only a
few drug interactions, but not all of them, are clinically significant. The clinical
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significance of a metabolic drug interaction will depend on the magnitude of the
change in the concentration of active species (parent drug and/or metabolites) at the
site of pharmacological action and the therapeutic index of the drug (Lin and lu,
1998).
CYP3A4 has been recognized as a target of clinically significant DDIs. There are two
types of DDIs: DDIs that are mediated by inhibition of metabolising enzymes /
transporters, and DDIs that are mediated by induction of these proteins. Many
inhibitory DDIs follow competitive kinetics and are relatively transient, whereas some
are due to mechanism-based inhibition and are more long-lasting. These direct
interactions between inhibitors and metabolising enzymes can be investigated in vitro
in a quantitative manner. On the other hand, it has been shown that most inductive
DDIs are raised by the increased transcription of CYP3A4 as a result of signal
transductions via nuclear receptors, such as PXR/ RXR, and take a few weeks to exert
a stabilised influence (Ohno et al., 2008).

2.6 CBZ drug interactions
Because of CBZ's widespread and long term use, it is frequently prescribed in
combination with other drugs, leading to the possibility of drug interactions. CBZ
interacts with many drugs which are substrates to CYP3A4 and the most important
interactions affecting CBZ PK are those resulting in induction or inhibition of its
metabolism.

2.6.1 CBZ effects on PK of CYP3A4 substrates.
Armodafinil and CBZ are both inducers of and substrates for CYP3A4, the study was
designed to evaluate the bidirectional CBZ armodafinil PK DDI.
Systemic exposure to both CBZ and armodafinil was reduced after pretreatment with
the other drug, systemic exposure to the metabolites of each drug, which are formed
via CYP3A4, was increased. These changes were consistent with the induction of
CYP3A4 (Darwish et al., 2014).
On another study to evaluate the PK interaction between zolpidem and CBZ in
healthy

volunteers.

CBZ interacts

with

zolpidem

in

healthy

volunteers

pharmacokinetically and lowers its bioavailability by about 57%. The experimental
data demonstrate the PK interaction between zolpidem and CBZ and suggest that the
observed interaction may be clinically significant (Vlase et al., Aug2011).
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While in another study designed to evaluate the possible PK interaction between
ivabradine and CBZ in healthy volunteers. The mean peak plasma concentrations Cmax
were 16·25 ng/mL (Ivabradine alone) and 3·69 ng/mL (Ivabradine after pretreatment
with CBZ). The Tmax were 0·97 and 1·14 h, respectively, and the total areas under the
curve from time zero to infinity (AUC0-∞) were 52·49 and 10·33 ng h/mL,
respectively. These differences were statistically significant for Cmax and AUC0-∞
when ivabradine was administered with CBZ, whereas they were not for Tmax, halflife and mean residence time. CBZ interacts with ivabradine in healthy volunteers,
and lowers its bioavailability by about 80%. This magnitude of effect is likely to be
clinically significant (Vlase et al., Apr 2011).
The effect of efavirenz on the PK of CBZ and vice versa was investigated in adult
healthy subjects. The PK was evaluated for efavirenz, CBZ, and the major
metaboliteof CBZ, CBZ -10,11-epoxide.
In summary, a 2-way PK interaction between efavirenz and CBZ was demonstrated in
this study (Ji et al., 2008).
CBZ significantly increases zonisamide elimination via induction of CYP3A4, As a
result, dosage adjustment of zonisamide may be required in some cases to avoid
underexposure and any consequent lack of clinical effect (Ragueneau et al., 2004).
The effect of CBZ, on the PK of oxcarbazepine is evaluated in 12 patient, In those
patients completing the study, the area under the concentration-time curve (AUC) at
steady-state for hydroxycarbazepine (OHCZ), the active metabolite of oxcarbazepine,
was significantly lower in the CBZ-treated group than in controls (P < 0.05) (McKee
et al., 1994).

2.6.2. CBZ drug interactions with CYP3A4 inducers
2.6.2.1 Interactions with CYP3A4 inducers show significant changes
on the PK of CBZ.
The findings of the rufinamide effect on the metabolism of CBZ show that, the
clearance of CBZ is increased by 8–15% so that plasma CBZ levels are decreased by
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7–13%. The action is probably the consequence of induction of CYP3A4 (Perucca et
al., 2008).

Co-administration of the anti-mineralocorticoid with CBZ at their ineffective doses
(50 and 15 mg/kg, respectively) led to significant reduction of the seizure. The
concomitant treatment of aminoglutethimide and CBZ (both drugs at their
subprotective doses of 50 and 15 mg/kg, respectively) resulted in antiseizure activity
in respect of all measured parameters, including the after discharge threshold, seizure
severity, seizure duration and after discharge duration. These results suggest that
doses of CBZ should be modified in epileptic patients concomitantly treated with
aminoglutethimide or spironolactone (Borowicz and Czuczwar, 2005).

Oxcarbazepine increases the metabolism of CBZ. Median CBZ plasma AUC values
can decrease by 9%. The interaction is the consequence of induction of CBZ
metabolism through CYP3A4 (McKee et al., 1994).

Phenobarbital, Phenytoin and Primidone increase the metabolism of CBZ. The
findings were decreased the mean CBZ plasma levels by 33%, 44% and 25%
respectively. The interaction is the consequence of induction of CBZ metabolism
through CYP3A4 (Rambeck et al., 1987).

Methsuximide enhances the metabolism of CBZ. Plasma levels of CBZ can decrease
by 23%. The interaction is the consequence of induction of CBZ metabolism through
CYP3A4 (Browne et al., 1983).

2.6.2.2 Interactions with CYP3A4 inducers show no/or insignificant
changes on the PK of CBZ.
To evaluate the PK interaction between pioglitazone and CBZ in healthy male rabbits.
The findings reveal no statistical differences were found in PK of CBZ in both cases
(P>0.05). The result demonstrated that pioglitazone does not affect the PK parameters
of CBZ (Abushammala, 2014).

With an objective to determine the effect of St John's Wort on steady state CBZ and
CBZ -10,11-epoxide PK oneight healthy volunteers (5 men, age range, 24-43 years)
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participated in this unblinded study. CBZ and CBZ -10,11-epoxide noncompartmental
PK parameter values compared before and after St John's Wort with a paired Student t
test. After analysis of the results the researcher found that no significant differences
before or after the administration of St John's Wort in CBZ peak concentration and no
differences were found in peak concentration. The results suggest that treatment with
St John's Wort for 14 days did not further induce the clearance of CBZ (Burstein et
al., 2000).

The influence of concurrent drug therapy (phenytoin, valproate, phenobarbital,
primidone) on serum concentrations of total and free CBZ and its active metabolite
CBZ -10,11-epoxide (CBZ-E) in 135 epileptic patients was studied. Serum CBZ and
CBZ-E levels were analyzed by high performance liquid chromatography, whereas
serum levels of the anticonvulsants were determined by fluorescence polarization
immunoassay. Ultrafiltration was used to separate the free drugs from the proteinbound drugs in serum. Patients were divided into five groups according to the
medication they received. Linear regression analyses revealed that concurrent drug
therapy affected the metabolic rate of CBZ and CBZ-E in various ways. In patients on
CBZ monotherapy, 78.3% of CBZ and 52.4% of CBZ-E were bound to plasma
proteins. The total serum CBZ and CBZ-E concentrations significantly correlated
with their respective free levels in serum. Compared with the CBZ monotherapy
group, patients receiving concurrent drug therapy showed higher CBZ clearance and
had elevated CBZ-E/CBZ ratios. Although the decrease in the total CBZ
concentration depended on the simultaneous phenytoin and valproate concentrations
(P ≤ 0.05), the serum levels of phenobarbital and primidone appeared to have no
significant influence on the CBZ concentration (Wang et al., 1990).

2.7 RIF drug interactions
2.7.1 RIF significantly affect the PK of drugs metabolized by
CYP3A4
The following studies summarized the significant effect of RIF as a potent CYP3A4
inducer on the PK of other drugs which are substrates for the CYP3A4.

35

RIF markedly decreased the exposure to tramadol and its metabolit Odesmethyltramadol (M1) after both oral and intravenous administration. mean AUC0-∞
of intravenously administered tramadol by 43% and that of M1 by 58% , it reduced
the AUC0-∞ of oral tramadol by 59% and that of M1 by 54% . RIF increased the
clearance of intravenous tramadol by 67%. Bioavailability of oral tramadol was
reduced by RIF from 66 to 49% (Saarikoski et al., 2013).
Exposure to vandetanib, as assessed by AUC in healthy subjects, was reduced by
around 40% when a single dose was given in combination with the potent CYP3A4
inducer RIF (Martin et al., 2011).
RIF considerably reduces the plasma concentrations and the renin-inhibiting effect of
aliskiren by decreasing its oral bioavailability (Tapaninen et al., 2010).
RIF markedly decreases peak plasma concentration (69%), AUC0-∞ (90%) and
elimination half-life (79%) of brotizolam and hypnotic effect of brotizolam (Ujiie et
al., 2006).
RIF markedly decreases the plasma concentrations of atorvastatin and its metabolites.
It is advisable to increase the dosage of atorvastatin and preferable to administer it in
the evening to guarantee adequate concentrations during the nighttime rapid
cholesterol synthesis when RIF or other potent inducers of CYP3A4 are
coadministered (Backman et al., 2005).
RIF greatly decreases the plasma concentrations of simvastatin and simvastatin acid.
Because the elimination half-life of simvastatin was not affected by RIF, induction of
the CYP3A4-mediated first-pass metabolism of simvastatin in the intestine and the
liver probably explains this interaction. Concomitant use of potent inducers of
CYP3A4 can lead to a considerably reduced cholesterol-lowering efficacy of
simvastatin (Kyrklund et al., 2000).

2.7.2 RIF does not/or insignificantly affect the PK of drugs metabolised by
CYP3A4
The effect of RIF on the PK of eribulin mesylate which is a non-taxane microtubule
dynamics inhibitor that was recently approved for treatment of metastatic breast
cancerwas investigated. The results indicate that the co-administration of RIF had no
effect on single dose exposure to eribulin and eribulin mesylate may be safely coadministered with compounds that are CYP3A4 inducers (Devriese et al., 2013).
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The effect RIF on the PK of prasugrel which is a thienopyridine antiplatelet agent for
the prevention of atherothrombotic events in patients with acute coronary syndrome
undergoing percutaneous coronary intervention and on the pharmacodynamic
response to prasugrel was evaluated in healthy male subjects.
RIF coadministration (600 mg daily) did not affect exposure to prasugrel's active
metabolite (R-138727). As a conclusion, dose adjustment should not be necessary
when prasugrel is administered with CYP inducers since formation of prasugrel's
active metabolite is not affected by potent enzyme induction with RIF (Farid et al.,
2009).
The effects of RIF on the steady-state PK, safety and tolerability of ambrisentan was
evaluated. The findings of the results was in the presence of steady-state RIF,
ambrisentan Cmax and AUC values were similar to those observed for ambrisentan
alone. Relative systemic exposure of 4-hydroxymethyl ambrisentan was unaffected by
either acute or steady-state RIF. Steady-state RIF had no clinically relevant effects on
the steady-state PK of ambrisentan. The overall safety profile of ambrisentan was
similar in the presence and absence of RIF. No dose adjustment of ambrisentan should
be required when it is co-administered with RIF, a strong inducer of CYP3A4 activity
and inhibitor of OATPs (Harrison et al., 2010)

2.8 Rabbits as a suitable model for the experiment
The animal’s model 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 PK of drugs
(Mordenti, 1991). Rabbit is a small mammal belongs to Leporide family. It’s nonaggressive, easy to handle, cheap and economic make rabbit favorable for such
studies. The best size of rabbit is 3-3.5Kg it can withstand experimental conditions
and has better survival rate (Mapara et al., 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
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Houdebine, 2006). Clinical effects of enzyme induction are often deduced from
animal data in the absence of valid investigations in humans. It appears that this fact
needs to be emphasised as in many publications it is not taken into account.
Additional studies in humans are needed (Fuhr, 2000). The mechanisms of CYP
induction in animal hepatocytes are thought to be similar to that in human
hepatocytes. However, there are sequence differences in the nuclear receptor genes
and CYP response elements which result in differences in the responses to various
inducers (Lin, 2006). Experiments measuring PXR activation in different species
have demonstrated that there are species-specific patterns in the activation of PXR
(Jones et al., 2000). Species differences in nuclear receptor activation make the
prediction of CYP induction in humans from data derived from animal models
problematic, so animal CYP induction studies can be poor prediction models of
induction of CYP enzymes in human. For example, not only there are marked
differences between animal and human induction responses to prototypical inducers,
but also the specific CYP enzymes and substrate specificities differ (Hewitt et al.,
2007). Thus, drugs that induce CYP enzymes in animals should not be assumed
necessarily to have enzyme-inducing capacity in humans, and vice versa (Lin, and lu,
1998). RIF was a potent CYP1A2 inducer in the dog but only caused a moderate
induction in monkey hepatocytes and did not affect CYP1A2 activities in human
hepatocytes (Hewitt et al., 2007). Phenobarbital induces predominantly members of
the CYP2B subfamily in rats, whereas in humans it appears that the major form
induced belongs to the CYP3A subfamily (Lin, 1998). Furthermore, RIF activates
rabbit and human PXR but not rat PXR, whereas Pregnenolone 16α-carbonitrile
(PCN) activates rat but not human or rabbit PXR. In turn, the activation of PXR is
directly linked to the induction of CYP3As (Luo et al., 2002), while the suggested
mechanism of RIF induction of hepatic CYP enzymes are related to the activation of
PRX gene, and while the activation of rabbits PXR is closely resembles that human
PXR so rabbits can be used as a model for investigating RIF inductive effect on the
CYP3A4 enzyme (Savas et al., 2006). RIF induces the expression of CYP3A6 and
CYP3A4 mRNA in rabbit and human hepatocytes, respectively, but not CYP3A1
mRNA in rat hepatocytes (Barwick et al., 1996).
CYP3A levels were increased by the pretreatment of rabbits with RIF (50 mg/kg for 4
days, p.o.). The extent of the increase was similar between duodenal and liver. These
properties of rabbit intestinal CYP enzymes were comparable to those of human
38

intestine. These phenomena suggest the possibility that the rabbit is a beneficial in
vivo model for the assessment of drug interaction occurring at the first pass of drugs
ingested (Nakamura et al., 2000). Rabbits can be used as a model for the study of
comparative bioavailability of CBZ and shows no differences when compared with
human (Venho and Erisksson, 1986).
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Chapter 3
Methodology
3.1 Study design
Six healthy male rabbits 3.2-3.5 kg, aged 6-8 months were enrolled in this study. In
the first period, the rabbits received a single oral dose of CBZ (40 mg/Kg). After a
washout period of ten days the second period started by giving each rabbit oral dose
of RIF (50 mg/Kg) for three consecutive days. On the fourth day RIF was given
concomitantly with CBZ in the same doses above.
The dose was given by means of a syringe connected to an oral gavage. It was put in
the corner of the mouth and the syrup was pushed down slowly, to avoid choking.

3.2 Animals and sample size
Six healthy adult male rabbits (weight: 3.2-3.5 Kg, age: 8-10 months). Rabbits should
be fasted for 12 hours with free access to water (add libitum) before administration of
drug (Venho, and Erisksson, 1986).

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 DDI effect on the results or female rabbits to avoid risk of
pregnancy.

3.5 Instruments and materials
3.5.1 Instruments


Immulite 1000 analyzer (Simemens Healthcare Diagnostic products LTD,
United States of America ).



Centrifuge ( type H-103N, Tokyo-Japan).



Micropipettes (Moodel 5000 DG, Japan).



Refrigerator (Grand Silver Line, Israel).
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3.5.2 Materials


CBZ syrup (100 mg/5ml, Tegretol, Novartis) and RIF syrup (100 mg/5ml,
Rifadin, Sanofi) were used in the study and were purchased from a local
pharmacy (Gaza, Palestine).



The rabbits were purchased from Asdda centre for animal production and
welfare centre (khanunis, Palestine).



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



Rabbit restraining box apparatus.

3.5.3 Others


Rabbit supporter base.



Syringe 5ml.



Gloves.



Needle 21G.



Alcohol 70%.



Blood collection tubes (Vacutainer tubes).



Plastic tubes.



Shaving cream.



Medical cotton.



Ether.



Lidocaine gel (local anaethetic).

3.6 Experimental procedure
1- The experiment was conducted in two periods and with the following
procedures for each period.
a- Rabbits (n=6) were fasted for 12 hours before giving CBZ syrup and they
were with free access to water.
b- Partial anesthesia for rabbits for achieving partial loss of reflexes, but not
induces sleep state by ether inhalation.
c- For both drug administrations, rabbits were put in restraining box
apparatus.
d- The rabbits ear hair were removed by shaving cream.
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e- The lidocaine gel was applied on the rabbits ear15 minutes befor sampling
to reduce the painduring withdrawing the blood samples.
f- Insertion of 21 guage cannula in ear marginal vein for each rabbit.
2- In the first period of the study, CBZ syrup was given alone in a dose of (40
mg/kg) using oral gavage.
3- Blood samples 1ml were collected in vacutainer tubes according to the time
schedule: 0.0, 0.5, 1.0, 1.5, 2.0, 2.5, 3.0, 3.5, 4.0, 5.0, 6.0 and 24.0 h after
receiving the dose of CBZ.
4- After a washout period of ten days, the second period was started with
administration of RIF syrup (50 mg/kg) was given for each rabbit for three
consecutive days, in the fourth day RIF and CBZ syrups were administered
concomitantly for each rabbit using oral gavage.
5- Blood samples (1 ml) were collected in vacutainer tubes according to the time
schedule as in the first period.
6- In both periods the collected blood sample were allowed to coagulate for 2030 minutes at room temperature followed by centrifugation for 5 minutes to
separate serum.
7- Transfer the serum in a clean plastic tube and kept at 2-8 0C until being
analysed.

3.7Analytical procedure
3.7.1 Theory of assay
Analysis of rabbit serum samples to determine the concentration of CBZ was
performed at laboratory of Medical Relief Society-Gaza using IMMULITE 1000
System apparatus and IMMULITE 1000 CBZ detection Kit (Siemens healthcare
Diagnostics).
The Kit is used in hospitals for rapid and routinely assay of CBZ concentrations in
blood in therapeutic drug monitoring.
IMMULITE 1000 CBZ detection kit is a solid phase, competitive, chemiluminescent
enzyme immunoassay. Chemiluminescence immunoassay (CLIA) 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
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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.
3.7.2 Validation
According to food and drug administration (FDA) requirements of analytical method
(FDA, 2013), the applied analytical method in such study must be validated. Validity
was performed by manufacturer Simemens Healthcare Diagnostics company
(Immulite 1000, 2008). The kit has limit of detection: 2 µg / ml, linearity: 10-200 µg /
ml.

3.8 Data analysis
The data were analyzed by:
•

Statistical package of social science (SPSS) program (version 16.0; SPSS Inc.,
Chicago, IL).

•

WinNonlin 9 program to estimate the different PK parameters of the periods
(Pharmsight WinNolin® version 5.0.1 United States, 2005).

•

Sigma plot 11.

•

Parametric and non-parametric tests for ANOVA test will be done to compare
the significance of differences between the two periods PK parameters.

3.9 Limitations of the study


Human volunteers are not available to carry out our project. The data will be
obtained from animal model.



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



Israeli siege on Gaza Strip which leads to delay or unavailability of chemical
and instruments.



Electrical associated problems.

3.10 Ethical consideration
The study was approved by the Animals Ethic Committee by the institutional ethic
committee and was conducted under supervision of a veterinary physician
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Chapter 4
Results
4.1 PK parameters of CBZ syrup alone.
After administration of 140 mg of CBZ syrup for the six utilized rabbits, the blood
samples were collected at different times according to the designed time schedule.
The PK parameters were calculated, as the maximum plasma concentration (Cmax),
Tmax, AUC0-24 and AUC0-∞ also the constant rate of elimination Ke and the t1/2 were
determined.
The maximum plasma concentration (Cmax), and Tmax were determined directly from
the plasma concentration versus time curves. The AUC0-24 was calculated by the
linear trapezoidal rule. The AUC0-∞ was determined by the following equitation:

AUC0-∞ = AUC0-t + Ct / ke
AUC0-∞: is the area under the plasma concentration-time curve from 0 to last
measurable concentration.

Ct: is the last measured plasma concentration at time t.

Ke: is elimination rate constant determined by linear regression from the points
describing the elimination phase in a logarithmic linear plot.

The half-life time of elimination (t 1/2) was calculated by the following equation:

t1/2 = 0.693/ke
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4.1 PK parameters of CBZ syrup after the administration of 140 mg of CBZ
alone
The results of plasma CBZ concentration versus time for each rabbit are shown in
tables 4.1, 4.3, 4.5, 4.7, 4.9 and 4.11. The PK parameters per rabbit are summarized in
tables 4.2, 4.4, 4.6, 4.8, 4.10 and 4.12. The plasma concentration–time curves for each
rabbit after administration of CBZ alone are illustrated in figures 4.1, 4.2, 4.3, 4.4, 4.5
and 4.6.
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Table 4.1: Serum CBZ concentration after administration of CBZ syrup (140 mg) for
rabbit no.1
Time (h)

Conc. (μg/ml)

0.50

3.54

1.00

4.23

1.50

4.96

2.00

5.43

2.50

6.12

3.00

6.81

3.50

7.20

4.00

7.80

5.00

7.22

6.00

6.41

24.0

3.80

Figure 4.1: Serum concentration-time profile of CBZ after administration of CBZ
syrup for rabbit no.1

Rabbit plasma Concentration µg/ml
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17.5

20.0

22.5

25.0

Table 4.2: PK parameters of CBZ after administration of CBZ syrup (140 mg) for
rabbit no.1

PK parameters

Value

Units

Cmax

7.800

µg/ml

t max

4.00

h

Ke

0.0317

h-1

t½

21.88

h

AUC 0-24

127.31

µg.h/ml

AUC 0-∞

247.30

µg.h/ml

Table 4.3: Serum CBZ concentration after administration of CBZ syrup (140 mg) for
rabbit no.2
Time (h)

Conc. (μg/ml)

0.50

6.70

1.00

7.35

1.50

8.08

2.00

7.30

2.50

6.52

3.00

5.83

3.50

5.31

4.00

4.72

5.00

4.21

6.00

3.73

24.0

2.20
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Figure 4.2: Serum concentration-time profile after administration of CBZ syrup (140
mg) for rabbit no.2

Rabbit plasma Concentration µg/ml
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Table4.4: PK parameters of CBZ after administration of CBZ syrup (140 mg) for
rabbit no.2

PK parameters

Value

Units

Cmax

8.08

µg/ml

Tmax

1.50

h

Ke

0.032

h-1

t½

21.66

h

AUC 0-24

86.53

µg.h/ml

AUC 0-∞

155.27

µg.h/ml
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Table 4.5: Serum CBZ concentration after administration of CBZ syrup (140 mg) for
rabbit no.3
Time (h)

Conc. (μg/ml)

0.50

12.90

1.00

13.80

1.50

13.0

2.00

11.90

2.50

10.96

3.00

9.89

3.50

8.91

4.00

8.09

5.00

7.17

6.00

6.32

24.0

3.11

Figure 4.3: Serum concentration-time profile after administration of CBZ syrup (140
mg) for rabbit no.3

Rabbit plasma Concentration µg/ml
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17.5

20.0

22.5

25.0

Table 4.6: PK parameters of CBZ after administration of CBZ syrup (140 mg) for
rabbit no.3

PK parameters

Value

Units

Cmax

13.80

µg/ml

Tmax

1.00

h

Ke

0.0419

h-1

t½

16.53

h

AUC 0-24

141.94

µg.h/ml

AUC 0-∞

216.13

µg.h/ml

Table 4.7: Serum CBZ concentration after administration of CBZ syrup (140 mg) for
rabbit no.4
Time (h)

Conc. (μg/ml)

0.50

5.91

1.00

6.54

1.50

7.14

2.00

7.81

2.50

7.03

3.00

6.18

3.50

5.73

4.00

4.55

5.00

3.77

6.00

2.97

24.0

1.83
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Figure 4.4: Serum concentration-time profile after administration of CBZ syrup (140
mg) for rabbit no.4

Rabbit plasma Concentration µg/ml
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Table 4.8: PK parameters of CBZ after administration of CBZ syrup (140 mg) for
rabbit no.4

PK parameters

Value

Units

Cmax

7.810

µg/ml

Tmax

2.00

h

Ke

0.0331

h-1

t½

20.96

h

AUC 0-24

75.037

µg.h/ml

AUC 0-∞

130.37

µg.h/ml
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Table 4.9: Serum CBZ concentration after administration of CBZ syrup (140 mg) for
rabbit no.5

Time (h)

Conc. (μg/ml)

0.50

7.11

1.00

8.29

1.50

8.81

2.00

7.72

2.50

6.73

3.00

6.02

3.50

5.35

4.00

4.89

5.00

4.40

6.00

3.98

24.0

2.42

Figure 4.5: Serum concentration-time profile after administration of CBZ syrup (140
mg) for rabbit no.5

Rabbit plasma Concentration µg/ml
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Table 4.10: PK parameters of CBZ after administration of CBZ syrup (140 mg) for
rabbit no. 5

PK parameters

Value

Units

Cmax

8.810

µg/ml

Tmax

1.50

h

Ke

0.0298

h-1

t½

23.29

h

AUC 0-24

92.67

µg.h/ml

AUC 0-∞

173.99

µg.h/ml

Table 4.11: Serum CBZ concentration after administration of CBZ syrup (140 mg)
for rabbit no.6
Time (h)

Conc. (μg/ml)

0.50

4.82

1.00

5.92

1.50

6.93

2.00

7.90

2.50

8.74

3.00

7.84

3.50

6.93

4.00

5.94

5.00

5.11

6.00

4.29

24.0

2.91
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Figure 4.6: Serum concentration-time profile after administration of CBZ syrup (140
mg) for rabbit no.6

Rabbit plasma Concentration µg/ml
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Table 4.12: PK parameters of CBZ after administration of CBZ syrup (140 mg) for
rabbit no.6

PK parameters

Value

Units

Cmax

8.740

µg/ml

Tmax

2.50

h

Ke

0.0260

h-1

t½

26.62

h

AUC 0-24

101.05

µg.h/ml

AUC 0-∞

212.82

µg.h/ml
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The mean CBZ concentration in serum for rabbits are listed in table 4.13. In addition
further statistical evaluation to determine inter-individual variation are shown as
mean, standard deviation (SD), and coefficient of variation (CV).

Furthermore, the mean PK parameters of CBZ in rabbits after administration of CBZ
140 mg are listed in table 4.14.

A plot of the serum concentrations of CBZ versus time after administration of CBZ
140 mg for the six rabbits are illustrated in figure 4.7.

A plot of the mean serum concentration of CBZ versus time after administration of
CBZ 140 mg is illustrated in figure 4.8.
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Table 4.13: Serum concentration of CBZ versus time after administration of 140 mg
CBZ syrup and statistical evaluation for rabbits (n=6).

Time (h)

CBZ serum concentration (µg/ml)

Statistical parameters

R1

R2

R3

R4

R5

R6

Mean

SD

CV

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.0

0.0

0.0

0.50

3.54

6.70

12.90

5.91

7.11

4.82

6.83

3.25

47.51

1.00

4.23

7.35

13.80

6.54

8.29

5.92

7.69

3.29

42.84

1.50

4.96

8.08

13.0

7.14

8.81

6.93

8.15

2.21

27.49

2.00

5.43

7.30

11.90

7.81

7.72

7.90

8.01

2.12

26.44

2.50

6.12

6.52

10.96

7.03

6.73

8.74

7.68

1.84

23.99

3.00

6.81

5.83

9.89

6.18

6.02

7.84

7.095

1.55

21.7

3.50

7.20

5.31

8.91

5.73

5.35

6.93

6.57

1.40

21.30

4.00

7.80

4.72

8.09

4.55

4.89

5.94

5.99

1.59

26.45

5.00

7.22

4.21

7.17

3.77

4.40

5.11

5.31

1.52

28.61

6.00

6.41

3.73

6.32

2.97

3.98

4.29

4.62

1.42

30.83

24.0

3.80

2.20

3.11

1.83

2.42

2.91

2.712

0.708

26.11

SD: Standard deviation. CV: Coefficient of variation. R: Rabbit.

56

Table 4.14: PK parameters after the administration of CBZ syrup and statistical
evaluation for rabbits (n=6).

Rabbit no.

Cmax

Tmax

t½

Ke

AUC 0-24

AUC 0-∞

1

7.800

4.00

21.88

0.0317

127.31

247.30

2

8.080

1.50

21.66

0.0320

86.53

155.27

3

13.80

1.00

16.53

0.0419

141.94

216.13

4

7.810

2.00

20.96

0.0331

75.037

130.37

5

8.810

1.50

23.29

0.0298

92.67

173.99

6

8.740

2.50

26.62

0.0260

101.05

212.82

Mean

9.173

2.083

21.82

0.0324

104.1

189.30

SD

2.309

1.068

3.28

0.0053

25.5

43.6

CV

25.17

51.29

15.05

16.27

24.55

23.03

SD: Standard deviation. CV: Coefficient of variation. R: Rabbit.
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Figure 4.7: A plot of the serum concentrations of CBZ versus time after intake of

Rabbit plasma Concentrations µg/ml

CBZ 140 mg for the six rabbits (n = 6).
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Figure 4.8: A plot of the mean serum concentration of CBZ versus time after
administration of CBZ 140 mg for the six rabbits (n = 6).
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4.2. PK parameters of after administration of 140 mg CBZ syrup with (175 mg)
RIF.
The results of serum CBZ concentration versus time for each rabbitare shown in
tables 4.15, 4.17, 4.19, 4.21, 4.23 and 4.25 and the corresponding PK parameters are
listed in tables 4.16, 4.18, 4.20, 4.22, 4.24 and 4.26. The serum concentration–time
plot for each rabbit after administration of CBZ 140 mg in the presence of RIF (175
mg)are illustrated in figures 4.9, 4.10, 4.11, 4.12, 4.13 and 4.14.
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Table 4.15: Serum CBZ concentration after administration of CBZ syrup (140 mg) in
the presence of RIF (175 mg) for rabbit no.1
Time (h)

Conc. (μg/ml)

0.50

4.47

1.00

5.22

1.50

5.98

2.00

6.33

2.50

6.74

3.00

5.86

3.50

5.20

4.00

4.61

5.00

3.90

6.00

3.16

24.0

2.20

Figure 4.9: Serum concentration-time profile after administration of CBZ syrup (140
mg) in the presence of RIF (175 mg) for rabbit no.1
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Table 4.16: PK parameters of CBZ after administration of CBZ syrup (140 mg) in the
presence of RIF (175 mg) for rabbit no.1

PK parameters

Value

Units

Cmax

6.74

µg/ml

Tmax

2.50

h

Ke

0.0257

h-1

t½

27.0

h

AUC 0-24

77.07

µg.h/ml

AUC 0-∞

162.79

µg.h/ml

Table 4.17: Serum CBZ concentration after administration of CBZ syrup (140 mg) in
the presence of RIF (175 mg) for rabbit no.2
Time (h)

Conc. (μg/ml)

0.50

9.10

1.00

9.80

1.50

8.91

2.00

7.92

2.50

7.04

3.00

6.13

3.50

5.31

4.00

4.47

5.00

3.77

6.00

3.02

24.0

1.98
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Figure 4.10: Serum concentration-time profile after administration of CBZ syrup
(140 mg) in the presence of RIF (175 mg) for rabbit no.2
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Table 4.18: PK parameters of CBZ after administration of CBZ syrup (140 mg) in the
presence of RIF (175 mg) for rabbit no.2

PK parameters

Value

Units

Cmax

9.80

µg/ml

Tmax

1.00

h

Ke

0.0292

h-1

t½

23.0

h

AUC 0-24

80.73

µg.h/ml

AUC 0-∞

148.46

µg.h/ml
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Table 4.19: Serum CBZ concentration after administration of CBZ syrup (140 mg) in
the presence of RIF (175 mg) for rabbit no.3
Time (h)

Conc. (μg/ml)

0.50

5.53

1.00

6.21

1.50

6.74

2.00

7.27

2.50

7.71

3.00

6.52

3.50

6.04

4.00

5.39

5.00

4.91

6.00

4.02

24.0

2.92

Figure 4.11: Serum concentration-time profile after administration of CBZ syrup
(140 mg) in the presence of RIF (175 mg) for rabbit no.3
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Table 4.20: PK parameters of CBZ after administration of CBZ syrup (140 mg) in the
presence of RIF (175 mg) for rabbit no.3

PK parameters

Value

Units

Cmax

7.71

µg/ml

Tmax

2.50

h

Ke

0.0264

h-1

t½

26.28

h

AUC 0-24

96.43

µg.h/ml

AUC 0-∞

207.17

µg.h/ml

Table 4.21: Serum CBZ concentration after administration of CBZ syrup (140 mg) in
the presence of RIF (175 mg) for rabbit no.4
Time (h)

Conc. (μg/ml)

0.50

1.31

1.00

1.76

1.50

1.82

2.00

1.93

2.50

1.74

3.00

1.59

3.50

1.48

4.00

1.36

5.00

1.18

6.00

1.02

24.0

0.77
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Figure 4.12: Serum concentration-time profile after administration of CBZ syrup
(140 mg) in the presence of RIF (175 mg) for rabbit no.4
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10
9
8
7
6
5
4
3
2
1
0
0.0

2.5

5.0

7.5

10.0 12.5 15.0 17.5 20.0
Time (h)

22.5 25.0

Table 4.22: PK parameters of CBZ after administration of CBZ syrup (140 mg) in the
presence of RIF (175 mg) for rabbit no.4

PK parameters

Value

Units

Cmax

1.93

µg/ml

Tmax

2.00

h

Ke

0.0194

h-1

t½

35.7

h

AUC 0-24

24.63

µg.h/ml

AUC 0-∞

64.290

µg.h/ml
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Table 4.23: Serum CBZ concentration after administration of CBZ syrup (140 mg) in
the presence of RIF (175 mg) for rabbit no.5
Time (h)

Conc. (μg/ml)

0.50

7.90

1.00

9.10

1.50

10.7

2.00

11.4

2.50

12.2

3.00

11.71

3.50

11.30

4.00

10.61

5.00

9.42

6.00

6.50

24.0

3.50

Figure 4.13: Serum concentration-time profile after administration of CBZ syrup
(140 mg) in the presence of RIF (175 mg) for rabbit no.5

Rabbit plasma Concentration µg/ml
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Table 4. 24: PK parameters of CBZ after administration of CBZ syrup (140 mg) in
the presence of RIF (175 mg) for rabbit no.5

PK parameters

Value

Units

Cmax

12.20

µg/ml

Tmax

2.50

h

Ke

0.0550

h-1

t½

12.44

h

AUC 0-24

147.78

µg.h/ml

AUC 0-∞

210.61

µg.h/ml

Table 4.25: Serum CBZ concentration after administration of CBZ syrup (140 mg) in
the presence of RIF (175 mg) for rabbit no.6
Time (h)

Conc. (μg/ml)

0.50

3.36

1.00

4.29

1.50

5.14

2.00

6.96

2.50

7.92

3.00

9.13

3.50

10.61

4.00

10.94

5.00

9.79

6.00

5.80

24.0

3.20
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Figure 4.14: Serum concentration-time profile after administration of CBZ syrup
(140 mg) in the presence of RIF (175 mg) for rabbit no.6

Rabbit plasma Concentration µg/ml
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Table 4.26: PK parameters of CBZ after administration of CBZ syrup (140 mg) in the
presence of RIF (175 mg) for rabbit no.6

PK parameters

Value

Units

Cmax

10.94

µg/ml

Tmax

4.00

h

Ke

0.0536

h-1

t½

12.94

h

AUC 0-24

125.60

µg.h/ml

AUC 0-∞

185.34

µg.h/ml
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The mean CBZ concentration in serum in the presence of RIF (175 mg) for the six
rabbits are listed in table 4.27. 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 CBZ in the presence of RIF (175 mg) for the
six rabbits after intake of CBZ 140 mg in the presence of RIF (175 mg) are listed in
table 4.28.

A plot of the serum concentrations of CBZ versus time after administration of CBZ
140 mg for the six rabbits in the presence of RIF (175 mg) are illustrated in figure
4.15.
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Table 4.27: Serum concentration of CBZ versus time after administration of 140 mg
CBZ syrup in the presence of RIF (175 mg) and statistical evaluation for rabbits
(n=6).

Time (h)

CBZ serum concentration (µg/ml)

Statistical parameters

R1

R2

R3

R4

R5

R6

Mean

SD

CV

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.0

0.0

0.0

0.50

4.47

9.10

5.53

1.31

7.90

3.36

5.28

2.90

54.66

1.00

5.22

9.80

6.21

1.76

9.10

4.29

6.06

3.02

49.80

1.50

5.98

8.91

6.74

1.82

10.7

5.14

6.55

3.08

47.08

2.00

6.33

7.92

7.27

1.93

11.4

6.96

6.97

3.05

43.73

2.50

6.74

7.04

7.71

1.74

12.2

7.92

7.23

3.34

46.25

3.00

5.86

6.13

6.52

1.59

11.71

9.13

6.82

3.41

49.95

3.50

5.20

5.31

6.04

1.48

11.30

10.61

6.32

3.92

62.07

4.00

4.61

4.47

5.39

1.36

10.61

10.94

6.23

3.78

60.70

5.00

3.90

3.77

4.91

1.18

9.42

9.79

5.50

3.42

62.16

6.00

3.16

3.02

4.02

1.02

6.50

5.80

3.92

2.00

51.02

24.0

2.20

1.98

2.92

0.77

3.50

3.20

2.42

0.99

41.13

SD: Standard deviation. CV: Coefficient of variation. R: Rabbit.
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Table 4.28: PK parameters after the administration of CBZ syrup in the presence of
RIF (175 mg) and statistical evaluation for rabbits (n=6).

Rabbit no.

Cmax

Tmax

t½

Ke

AUC 0-24

AUC 0-∞

1

6.74

2.50

27.0

0.0257

77.07

162.79

2

9.80

1.00

23.0

0.0292

80.73

148.46

3

7.71

2.50

26.28

0.0264

96.43

207.17

4

1.93

2.00

35.7

0.0194

24.63

64.290

5

12.20

2.50

12.44

0.0550

147.78

210.61

6

10.94

4.00

12.94

0.0536

125.60

185.34

Mean

8.22

2.417

22.89

0.03488

92.0

163.1

SD

3.68

0.970

8.95

0.0154

42.8

54.2

CV

44.78

40.15

39.10

44.10

46.47

33.21
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Figure 4.15: A plot of the serum concentrations of CBZ versus time after intake of
CBZ 140 mg in the presence of RIF (175 mg) for the six rabbits (n = 6).
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A plot of the mean serum concentration of CBZ (140) versus time in the presence of
RIF (175) are shown in the figure 4.16.
Figure 4.16: A plot of the mean serum concentration of CBZ 140 mg versus time in

Rabbit plasma Concentration µg/ml

the presence of RIF (175 mg) for the six rabbits (n = 6).
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4.3 Statistical evaluation of data.
Comparison between PK parameters for CBZ.
Table 4.29 showed paired test t-test for quality between mean PK parameters (Cmax,
Tmax, ke, AUC0-24, AUC0-∞) of CBZ after administration of CBZ alone and CBZ with
RIF in rabbits.
No significant difference in PK parameters of CBZ was found when CBZ alone and
CBZ with RIF (p>0.05).
A plot of an overlap mean serum concentration-time profile of CBZ after
administration of CBZ alone and CBZ with RIF are illustrated in figure 4.17. The
curves obtained in both cases obviously comparable.

Table 4.29: Paired-samples t test for the equality between the means of the PK
parameters of CBZ in the presence and absence of RIF for the six rabbits.

Standard
Difference
deviation

Parameter

Group

N

Mean

Cmax

CBZ+ RIF

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

8.220

3.681

9.173
2.4167

2.309
0.970

2.0833
22.8933

1.068
8.952

21.8233
0.03490

3.285
0.015

0.03240
92.0400

0.005
42.78

104.090
163.11

25.55
54.17

189.31

43.59

CBZ-alone

Tmax

CBZ+ RIF
CBZ-alone

t½

CBZ+ RIF
CBZ-alone

ke

CBZ+ RIF
CBZ-alone

AUC0-24

CBZ+ RIF
CBZ-alone

AUC0-∞

CBZ+ RIF
CBZ-alone

T

P-value

0.9533

0.561

0.599

0.3334

-0.674

0.530

1.070

-0.232

0.826

0.0025

-0.316

0.765

12.05

0.662

0.537

26.20

1.464

0.203

Significant statistical difference (p≤0.05)
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Figure 4.17: Mean serum concentration-time profile of CBZ after administration of
140 mg CBZ syrup alone and in the presence of RIF (175 mg) for rabbits (n=6).
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Chapter 5
Discussion
When antiepileptic drugs are administered to patients, it is now common to monitor
drug level (Gorodischer et al., 1997; Keyler et al., 1998; Willmore, 1998, Warner et
al.,1998 and Pastalos and Perucca, 2003).
The study was conducted to examine possible PK interactions when RIF (CYP3A4
inducer) administered concurrently with CBZ (CYP3A4 substrate) using male rabbits.
Rabbits can be used as a model for the study of comparative bioavailability of CBZ
and shows no differences when compared with human (Venho and Erisksson, 1986).
At the given dose all six rabbits had completed the study and there were no death or
replacement during the study. Clinical physical examination during and post study
indicated no abnormalities.
The expected effect can be emphasized with a larger number of tested rabbits and
when RIF was given for a longer period.
CBZ is primarily metabolized by CYP3A4 to an active metabolite (Kerr et al., 1994).
Prior studies verified that the mean serum concentration of CBZ was lower when the
drug was given in combination with CYP3A4 inducers as phenytoin (59·4%),
primidone (58·2%), phenobarbital (65·7%) and valproate (83·0%) than when CBZ was
given alone (100%) (Brodie et al., 1983 and Rambeck et al., 1987).
In contrast, the effect of St John’s Wort (Burstein et al., 2000) and pioglitazone
(Abushammala, 2014), CYP3A4 inducers were not established on PK of CBZ. The
masked effect was explained by metabolic auto-induction of CBZ (Fuhr, 2000).
The lack of effect of RIF on PK of CBZ in this study can be a question of RIFinduction activity. Full induction of drug-metabolizing enzymes is reached in about 1
week after starting RIF treatment and the induction dissipated in roughly 2 weeks
after discontinuing RIF (Niemi et al., 2003). The induction activity of RIF is also dose
and species depended (Oesch et al., 1996 and Tang et al., 2005).
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Chapter 6
Conclusions


The calculated different PK parameters of CBZ as Cmax, Tmax, t

1/2,

ke, AUC0-t

and AUC0-∞ in both periods in the presence and absence of the potent CYP3A4
RIF inducer were statistically insignificant with statistical significance p ≤ 0.05.



CBZ and RIF were well tolerated by rabbits at the given dose and no adverse
events reported during the study.



A minimal inter-individual variations was recorded among the utilized male
rabbits.



The analytical method used (CELIA) was simple, fast and effective.



According to the conducted experimental conditions CBZ and RIF can be used
without precautions of CBZ-RIF interactions.
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Chapter 7
Recommendations
1. Rabbits can be used as a model for bioavailability, bioequivalence and DDIs
studies.

2. Our data obtained experimentally are needed to be confirmed in humans.

3.

Installation and establishment of center for PK drug-drug, drug-herbal and drugfood interaction studies.

4.

Installation of animal housing in the faculty with all needed facilities with object
to conduct in situ and in vivo studies.

5. Conduction of DDIs studies with the collaboration of local hospitals especially
for drugs with narrow therapeutic window.

6. Development and implementation of resembling studies with the collaboration
with the Ministry of health specially for drugs with narrow therapeutic index.

7. Therapeutic drug monitoring for drugs have narrow therapeutic window.
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