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AN ABSTRACT OF THE THESIS OF

Safaa J. Ossaily for Master of Science
Major: Pharmacology and Toxicology

Title: Observational Study: The Effect of u-Opioid Receptor Genetic Polymorphism on
Neuraxial Opioid Labor Analgesia

Introduction Opioids are commonly used to relieve labor pain, the most painful episode a
woman could experience in her life. However the treatment with opioids is associated with a
wide interindividual variability in efficacy. As mu-opioid receptor (OPRM1) is known to
modulate pain perception and mediate the analgesic effect of opioids in the central nervous
system, we examined the effect of A118G polymorphism on the duration of analgesia following
epidural fentanyl analgesia during labor.

Methods Twenty five nulliparous females were recruited prospectively during normal vaginal
delivery necessitating epidural anesthesia, and genotyped for A118G polymorphism using allele
discrimination assay by real time PCR. Outcomes included duration of fentanyl analgesia, pain
scores, and need for additional doses of local anesthetics and fentanyl.

Results The minor allele frequency (MAF) of allele G was 12%, and the genotype frequencies
were in Hardy Weinberg Equilibrium. Female participants carrying the G allele required
significantly higher doses of additional lidocaine [147+68 mg] as compared with the wild types
[63.5+53.8mg] (P=0.015). Furthermore, survival analysis showed a trend towards a shorter
duration of fentanyl analgesia in mutant allele carriers (P=0.077). In addition, a trend was
observed with the visual analogue scale (VAS) such that carriers of G allele seemed to have
higher pain scores (P=0.097).

Conclusion Despite the small sample size, results demonstrated that OPRM 118G variant was
associated with significantly increased requirement for manual lidocaine and a trend towards
higher pain scores as well as shorter duration of fentanyl analgesia. Further recruitment is
ongoing to enhance the power of the study. These findings, if validated, may have implications
for patients receiving opioid therapy during delivery and in other settings.

Vi
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CHAPTER |

INTRODUCTION

A. Definition of pain:

According to the International Association for the Study of Pain, pain is
defined as “an unpleasant sensory and emotional experience associated with actual or
potential tissue damages” (Loeser & Melzack, 1999). Pain can be classified according
to its origin, duration, or association with a condition. The three main broad
categories of pain mechanisms are nociceptive, neuropathic and idiopathic. For the
pain to be appreciated, noxious stimulation must be first detected by nociceptors, i.e.
receptors that respond to tissue damage by thermal, mechanical or chemical stimuli

(Brownridge, 1995).

B. Pathways of acute pain:

Acute pain results from tissue injury or nerve injury. In the case of tissue
injury various chemical mediators are released such as histamine, potassium ions,
hydrogen ions, prostaglandins, purines, cytokines, 5-hydroxytrptamine, leukotrienes,
nerve growth factors, neuropeptides and norepinephrine. These substances stimulate
the small A and C afferent pain fibers that in turn transmit the nociceptive message to

the dorsal horn of the spinal cord via first order neurons (Woolf & Chong, 1993). A



delta and C fibers either terminate superficially or pass more deeply into the dorsal
horn laminae.

The dorsal horn neurons act as an area of central convergence of information
centrally and peripherally, excitatory and inhibitory; this is the principle of the gate
theory of pain introduced by Melzack (Melzack, 1999) whereby depolarization of the
dorsal horn neurons takes place. These neurons then participate in local spinal
reflexes where anterior and anterolateral horn cells stimulate skeletal muscles and
sympathetic outflow. The generated action potential will also pass centrally via the
spinothalamic tract (Figure 1), to be modulated by the reticular formation in the
brainstem, thalamus, hypothalamus and limbic systems.

Nociception is also modulated at the level of the dorsal horn by the
descending spinal tracts such that the dorsal horn neurons receive input from higher
centers and the limbic system via stimulation of structures in the midbrain. The type
of nociceptive stimuli appears to play a role in the descending tract stimulated, thus
the type of neurotransmitters liberated in the phenomenon known as “stimulation-
produced analgesia”. Thermal nociception appears to stimulate the release of
endogenous opioids which interacts with the p-opioid receptors resulting in
antinociception message transmitted via the descending noradrenergic and
serotonergic systems in the spinal cord. Whereas mechanical nociception stimulates
the synthesis and release of B-endorphin which stimulates supraspinal opioid
receptors resulting in the release of enkephalins (Tseng, Collins, & Wang, 1995).
Following the activation of opioid receptors, attenuation of the nociceptive message at

the level of dorsal horn takes place through the inhibition of propagation of the action



potential across the dorsal horn cells or through attenuation of the primary afferent

input, or by the inhibition of the release of the excitatory neurotransmitters from the
primary afferent terminals (Stein, 1993). Other non-opioid inhibitory systems might
be involved such as the “on-cells and off-cells” originating in the medulla that either

enhance or suppress nociceptive transmission, respectively (Brownridge, 1995).

C. Normal labor

Labor pain is a phenomenon embedded in the very nature of human
existence. It is considered to have at least two dimensions, a distress (sensory and
affective) component and neurophysiological one upon which most of the research
has been done.

According to the World Health Organization (WHO), normal labor is
defined as low risk throughout spontaneous onset labor with the fetus in vertical
position and ending with both the mother and fetus in good conditions (World Health
Organization, Maternal and Newborn Health/Safe Motherhood Unit., 2014). Normal

labor is divided into three stages:

1.Stage one:

During stage one of labor “dilation phase”; visceral pain predominates, with
pain (nociceptive) stimuli arising from the mechanical distention of the lower uterine
segment, cervical dilation and the muscle contraction itself (Rowlands & Permezel,
1998). With the progression of cervical dilation, the intensity of pain increases, and

this is thought to be partially attributed to a lowered activation threshold in the



mechanoreceptors, and to chemoreceptor stimulation produced by the repeated
stimulation of uterine contraction (Harkness & Gijsbers, 1989). Strong contractions
generated under isometric conditions in the presence of abnormal fetal life or slowly
dilating cervix are frequently very painful (Bonica & Chadwick, 1989). The severity
of pain increases progressively in parallel with the increasing duration and intensity of
contractions (Gibb, Arulkumaran, Lun, & Ratnam, 1984). These nociceptive stimuli
are transmitted via small unmyelinated slowly conducting C visceral fibers passing
through the lumbar and lower thoracic sympathetic chains to the posterior nerve root
ganglia at T10 through L1 .The chemical mediators that might be involved in the
excitation of theses fibers include: bradykinin, leukotrienes, prostaglandins, serotonin,

substance P and lactic acid (Rowlands & Permezel, 1998).

2.Stage two:

During stage two of labor, somatic pain predominates from the distention
and traction on the pelvic structures surrounding the vaginal vault, and from
distention of the pelvic floor and perineum. Pain during this stage is well described as
sharp and localized to the perineum, anus and rectum however it can still be felt in the
thighs and legs (Rowlands & Permezel, 1998). These stimuli are transmitted via the
pudendal nerve through the anterior rami of S2 through S4 via fine myelinated rapidly

transmitting A delta fibers (Ward, 1997).



3. Stage three:

The third stage of labor starts by the delivery of the baby and ends by the
delivery of the placenta and membranes. Some degree of blood loss occurs after the
birth of the baby due to separation of the placenta. This period is a risky period
because the uterus may not contract well after birth and heavy blood loss can
endanger the life of the mother. Active management of the third stage of labor
including administration of uterotonic drug, controlled cord traction and uterine
massage reduces the occurrence of severe postpartum hemorrhage by approximately

60—70% (Gulmezoglu et al., 2009).

D. Management of normal labor pain:

For the majority of women in all societies and cultures, natural childbirth is
likely to be one of the most painful events in childbirth and thus most women in labor
require pain relief, especially if nulliparous. Pharmacologic approaches to manage
childbirth pain can be broadly classified into systemic or local injections, or neuraxial

analgesia.

1.Systemic analgesics:
The most popular systemic agents used to manage labor pain are opioids
(eg, morphine, fentanyl, meperidine) or mixed opioid agonists-antagonists (eg,

nalbuphine, butorphanol). The advantages of systemic opioid analgesia are: ease of



administration, relatively low cost, maternal acceptance, and no need for the
obstetrician or anesthetist presence. The disadvantages are failure to produce adequate
analgesia, maternal side effects, and placental transfer of medication to the fetus.
However, other non-opioid agents can be used such as promethazine which is a
phenothiazine, hydroxyzine which is an antihistamine, barbiturates and
benzodiazepines. These drugs are often administered in combination with an opioid to
potentiate analgesia and decrease side effects, such as nausea and vomiting. They are
however less effective when used alone without opioids, although they appear to
provide some relief (Braverman, 2011).

Systemic analgesia can be administered intramuscularly, subcutaneously,

intravenously, or using intravenous patient-controlled analgesia (IV-PCA).

2.Local injection techniques:
The pain encountered during stage one and two of delivery can be decreased
by local injection of anesthetics as in the case of paracervical and pudendal block.

a.Paracervical block

Paracervical infiltration of a local anesthetic interposes the visceral sensory
fibers of the lower uterus, cervix, and upper vagina (T10-L1) as they pass through the
uterovaginal plexus (Frankenhauser's plexus) on each side of the cervix, but does not
affect the motor pathways. So it is only suitable to block pain during stage one of
delivery. Fetal bradycardia is a main concern during this process, because of that;
paracervical infiltration should not be used in the presence of a non-reassuring fetal

heart rate (FHR) pattern (Braverman, 2011).



b. Pudendal nerve block

During the second stage of labor, the focus of pain shifts from the uterus to
the lower vagina, perineum, and vulva that are innervated by the pudendal nerve. The
infiltration of local anesthetics around the trunk of the pudendal nerve results in
analgesia of these areas. Pudendal nerve block is used to block pain during stage two
of delivery; it is now rarely used except when neuraxial analgesia is contraindicated

(Braverman, 2011).

3.Neuraxial analgesia

Neuraxial analgesia is the most effective technique for pain relief during
labor (Jung & Kwak, 2013). It has demonstrated to have superior pain relief, and
maternal-fetal physiologic benefits. It is also associated with a low risk of immediate
postpartum depression when compared with other methods of analgesia. Neuraxial
analgesia includes spinal, combined spinal epidural (CSE) and epidural analgesia.
(Braverman, 2011; Jung & Kwak, 2013). Figure 2 shows the anatomy of spinal and

epidural spaces.

a.Spinal analgesia

Spinal analgesia is used to provide analgesia in the perineal area during
stage 2 and 3 of delivery. A combination of hyperbaric bupivacaine and fentanyl is
the most common preparation given to the patient in the sitting position, then
immediately the pregnant woman is moved into a lithotomy position with the head of

the bed at 45°upright, in an aim to ensure “saddle block”. The main advantage of this



technique is that it provides rapid analgesia in critical cases when the delivery is
looming. The disadvantage is the risk of developing post-dural puncture headache,
which can be reduced by the usage of a small gauge (24-25g) pencil point needle

instead of those with cutting tips (Braverman, 2011; Hawkins & Bucklin, 2012).

b.Combined spinal epidural analgesia (CSE)

This technique is performed by introducing an epidural needle into the
epidural space, followed by a long needle into the subarachnoid space. The spinal
medication is injected first, and then the epidural catheter is inserted via the epidural
needle once the spinal needle is removed. The most common combination gauges
used include bupivacaine and fentanyl. The advantage of this technique is that it
provides fast onset of analgesia with the spinal injection and continuity of analgesia
via the epidural catheter. Thus making this technique suitable for patients requesting
analgesia in very early stages of delivery. Similarly to spinal analgesia, the main
disadvantage is the risk of developing post-dural puncture headache (Braverman,

2011; Hawkins & Bucklin, 2012).

c.Epidural analgesia

This technique is widely used to provide analgesia during labor. A
combination of low dose of anesthetic with opioids is the common preparation
administered into the lumbar epidural space via a specialized needle and a catheter
system placed at the L3-L4 epidural space. This space is accessed through paramedian

approach and identified by ‘loss of resistance” to air and saline. Once the needle tip



crosses from the ligamentum flavum to the epidural space, loss of resistance to the
injection is felt, the epidural catheter is then inserted via the needle leaning 2-4 cm
within the space. After that, the needle is removed and the catheter remains in the
mother’s back. The medication can be delivered continuously and/or as individual
boluses through the catheter (Lyons, 2006). The advantage of this technique is that it
provides excellent regional analgesia with little or no motor block. The disadvantages
are due to the side effects of the local anesthetics that might cause sympathetic
blockade and hypotension however, administration of intravenous fluid and/or
pressors can treat this side effect (Braverman, 2011). In addition, epidural opioids can
cause nausea, vomiting and pruritus. This can be overcome by administration of

antiemetic or low dose nalbuphine (Hawkins & Bucklin, 2012).

E. History of opioids

Opioids have been universally used for the control of pain since the times of
Sumerians. The term opioid is defined as any material, both natural and synthetic, that
has morphine-like actions. There is strong evidence suggesting that opium poppy
(Papaver Somniferum) was cultivated since 3000 BC for its active ingredients. The
word opium is derived from “Papaver”, the Greek name of the juice extracted from
the poppy plant, and from “Somniferum”, the Latin name for sleep inducing (Fox,

Hawney, & Kaye, 2011).

Opium contains more than 20 different naturally occurring alkaloids, such as

morphine and codeine. In 1806, Serturner isolated morphine from opium, and its



chemical structure was identified in 1847. In 1832, Robiquet isolated codeine. In
1848 Merck isolated papaverine compound from opium. By the middle of the 19th
century, the production of synthetic opioids started to spread widely (Booth, 1999).
Table 1 shows classification of the most commonly used opioids according to the

source, structure, intrinsic activity and receptor affinity.

F. Opioid receptors

Opioid receptors are glycoproteins located in the cell membranes and found
to be distributed both centrally and peripherally. There are three main subtypes of

opioid receptors: Mu (u), Kappa (), and Delta (6) (Table 2).

Mu receptors are located in the periaqueductal gray matter in the brain and
substania gelatinosa in the spinal cord. Mu receptors are activated by morphine and
morphine-like opioids. Subtypes include Mul, Mu2, and Mu3. Mul activation
produces analgesia and Muz2 activation causes euphoria, respiratory depression,
nausea, vomiting, decreased gastrointestinal motility, urinary retention, tolerance,
dependence, histamine release, miosis, and anorexia (Ferrante, 1993). The recently
discovered Mu3 receptor was found to be present on monocytes, granulocytes and
vascular endothelium and leads to release of nitric oxide (Stefano et al., 1995). The
Mu receptor is encoded by the opioid receptor Mu (OPRM) gene located on

chromosome 6 in humans (Lotsch & Geisslinger, 2005).

10



The activation of the Kappa receptors found in the limbic and other
diencephalic areas, brain stem, and spinal cord results in analgesia, sedation,
dysphoria, hallucination and less respiratory depression when compared with the Mu
receptors. Whereas the activation of the peripheral Kappa receptors located in the
muscle, skin, connective tissues, kidneys and gastrointestinal tracts can cause oliguria
and antidiuresis. Kappa receptors are activated by dynorphin A (McDonald &

Lambert, 2005).

Delta receptors are largely located in the brain. They aid Mu receptors
activity and augment spinal and supraspinal analgesia (Trescot, Datta, Lee, & Hansen,

2008).

G. Mechanism of action of opioids

Binding of an opioid agonist to opioid receptors leads to conformational
changes in the G protein —coupled receptor (GPCR) causing coupling of Gi/Go which
results in inhibition of adenylyl cyclase activity thus leading to a decrease in the level
of intracellular c-AMP (Figure 3). The reduced level of cAMP causes a reduction in
the opening of the voltage dependent calcium channels and an increase in the activity
of K" channels. This eventually leads to hyperpolarization of the membrane potential
and thus a decrease in neuronal excitability. Also this causes a decrease in the release
of neurotransmitters such as glutamate, serotonin, norepinephrine, acetylcholine and

substance P (Trescot et al., 2008).

11



H. Effects of opioids
1.Central nervous system

Opioids have multiple effects on the central nervous system. Opioids can
relieve pain through the stimulation of Mu and Kappa receptors. The Mu and Kappa
receptors activation also causes euphoria and dysphoria respectively. Opioids lead to
nausea and vomiting through the direct stimulation of the chemoreceptor trigger zone
(CTRZ) located on the floor of the fourth ventricle, and with opioids overuse, meiosis
is seen due to the stimulation of the parasympathetic Edniger —Westphal nucleus of
the occulomotor nerve (Koyyalagunta, 2006).
2.Respiratory effects

Opioids that bind to the Muz2 receptors are more likely to produce
respiratory depression than those that have a selective activity on the k receptors.
Opioids can act directly on the respiratory centers in the brain stem and lead to
decrease in the respiratory minute volume, and consequently, a decrease in the tidal
volume (Fox et al., 2011).
3.Neuroendocrine effects

Opioids can lead to a decrease in body temperature. Opioids produce their
endocrine effects by suppressing the release of the hypothalamic releasing factors.
Because of that, long term use of opioids can cause menstrual disturbances. It was
also shown that opioids can cause a decrease in the release of stress hormone and a

decrease in immune function (Koyyalagunta, 2006).

12



4.Gastrointestinal effects

The most common problem encountered with opioids is constipation.
Opioids cause a decrease in gastric, duodenal, and large intestinal motility as well as
pancreatic, biliary, gastric and intestinal secretions, therefore leading to delayed
gastric emptying and hindering of food digestion (Fox et al., 2011). Moreover, opioid
use can cause constriction in the sphincter of Oddi, thereby leading to increase in the
bile duct pressure (Gustein & Akil, 2006).
5.Bladder and ureter

Opioid use causes urinary retention due to the increase in the ureteral and
external sphincter tone together with a decrease in the urinary voiding reflex
(Thomas, Williams, lwata, Kenshalo, & Dubner, 1992).
6.Skin

Administration of opioids is accompanied by release of histamine which is

responsible for peripheral vessels vasodilation (Conti et al., 2004).

I. Endogenous opioids

Endogenous opioids are secreted in the body during stressful conditions. The
first endogenous opioid identified was enkephalin, followed by endorphins and
dynorphins. These endogenous peptides are synthesized from precursor polypeptides
that undergo several cleavages and modifications to yield them. R-endorphins are
obtained from pre-opiomelanocortin (Pre-POMC) and they are found in the central

nervous system where they act mainly on the Mulopioid receptors. Met-enkephalin
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and Leu-enkephalin are derived from preproenkephalin, whereas dynorphin A,
dynorphin B, a-neoendorphin, and B-neoendorphin are obtained from
preprodynorphin. The enkephalins are distributed in parts of the central nervous
system, gastrointestinal tract and adrenal medulla where they act on the delta -opioid
receptors. The dynorphins are similarly distributed to the enkephalins, yet they don’t

have their analgesic strength (Fox et al., 2011; Trescot et al., 2008).

J. Exogenous opioids

The commonly used opioids in somatic pain treatment include morphine,
fentanyl, methadone, hydromorphone and oxycodone. They are all different in their
chemical structure and have different pharmacokinetic properties. Opioids can be
classified in different ways; for example, they can be classified based on their source
as natural, synthetic or semi-synthetic. According to the receptor affinity they are
classified as either weak or strong opioids. According to the intrinsic activity at the
receptor site they are classified as agonist, partial agonist, or antagonist, and
according to their chemical structure they can be phenanthrenes, benzomorphans,
phenylpiperidine, and diphenylheptanes (Table 1) (Rang, Dale, Ritter, & Flower,

2007; Trescot et al., 2008).

Opioids may be administered via oral, transmucosal (sublingual, buccal,
intranasal), transdermal (passive, iontophoresis), spinal (intrathecal, epidural), rectal,

topical, and intra-articular routes.
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K.Pharmacokinetic of exogenous opioids
1.Absorption:

Absorption refers to the rate and extent at which a drug leaves the site of
administration (Fox et al., 2011). Most opioids are well absorbed from the Gl tract
following oral or rectal administration. When taken orally, opioids are subject to first
hepatic pass metabolism because they must pass through the liver before reaching the
systemic circulation. This requires larger doses of the oral formulation of the drug
when compared with parenteral routes. Most immediate-release oral opioid
formulations have an onset of analgesia of about 20 to 40 minutes, with peak
analgesia occurring about 45 to 60 minutes post-administration. So to provide
analgesia for a relatively long period, controlled release formulations of morphine and
oxycodone are available, in addition to opioids with long half-lives, such as
methadone and levorphanol.

When the oral route is not accessible, opioids can be administered rectally.
Rectal blood return is via three sets of veins: the superior, middle, and inferior rectal
veins. The rectal superior vein returns blood to the portal vein causing immediate
hepatic metabolism. The middle and inferior rectal veins return blood to the inferior
vena cava. So drug administration into the lower rectal vault reduces the first-pass
metabolism effect and increases the amount of the parent drug reaching the systemic
circulation.

Lipophilicity, protein binding, ionization status, molecular size, and
membrane physicochemical properties are all factors affecting opioids absorption

across biological surfaces including oral mucosa and skin. For instance, the more
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lipophilic opioids (e.g., fentanyl) can cross these surfaces easier and faster than the
more hydrophilic opioids (e.g., morphine).

When both oral and rectal routes are not an option, transdermal fentanyl
patches can be used. The drug is released from the matrix of the patch into
subcutaneous fat that acts as a drug reservoir for lipophilic drugs. The drug is then
released into the serum slowly over 2 to 3 days. After patch application, serum levels
rise slowly requiring around 15 to 20 hours to reach a relative steady-state
concentration. After patch removal, the drug continues to move into the serum from
the subcutaneous fat depot. Fentanyl transdermal patches are not a choice for patients
with rapidly changing dose needs. Fentanyl can also be administered in the form of
oral lozengese for preoperative, preprocedural and breakthrough cancer pain
management, with an analgesia onset of 5 to 10 minutes and peak effect in 20-40
minutes. The amount of drug reaching the systemic circulation is about 50% of the
administered dose (Fox et al., 2011).

Opioids administered intravenously, subcutaneously, and intramuscularly
are 100% bioavailable for systemic circulation. However, they differ in the onset of
analgesia and duration of action. Time to peak effect for intramuscular and
subcutaneous administration is delayed due to the need for absorption. Similarly, the
more lipophilic compounds (e.g., fentanyl) produce faster analgesia.

Opioids can also be given through the epidural route. The ideal opioid of
choice for this route must cross the dura rapidly and enter the spinal cord in order to
interact with the opioid receptors in the substantia gelatinosa. The passage of opioids

through the dura matter is affected by lipid solubility and shape of the molecules. And
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to achieve rapid elimination from this compartment, the drug’s cerebro-spinal fluid
(CSF) solubility must be low. Therefore the optimum analgesic effect with minimal
side effects is attained by the choice of lipid-soluble opioids with a strong affinity for
the opioid receptor such as fentanyl. Fentanyl is 100 times more potent and 800 times
more lipid soluble than morphine. It is characterized by rapid absorption from the
epidural space and CSF, and reduced cephalic spread thereby limiting its side effects.
It has a rapid analgesia onset of 15-30 minutes, and duration of action is 2-5 hours

(Fleischman, Frazer, Daya, Jui, & Newgard, 2010).

2.Distribution

Molecular size, plasma protein binding, and lipophilicity affect opioids
distribution within the body. For instance, highly lipophilic drugs can easily cross the
membranes and be easily distributed in the body (eg. Fentanyl), whereas less lipid-
soluble drugs face difficulty in crossing membranes and have a smaller volume of
distribution. Highly protein bound drugs or those with large molecular size rarely
leave the vascular compartment therefore limiting their volume of distribution.
Morphine is 30% to 35% bound to plasma proteins and does not appear to be greatly
influenced by displacement. Fentanyl is both highly protein bound (80% to 85%) and
quite lipophilic. Fentanyl also distributes to fat tissue throughout the body from which

it redistributes slowly into the systemic circulation (Fox et al., 2011).
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3.Metabolism & Elimination

Metabolism refers to the process of biotransformation that is a chemical
process through which drugs undergo structural changes via a series of enzymatic
reactions and become more ready for elimination. Opioid biotransformation takes
place mainly in the liver; however some of the opioids are also metabolized to a
minor extent in other parts of the body such as the central nervous system, kidneys,
lungs, and placenta.

Biotransformation consists of two phases: phase 1 metabolism
(modification phase) and phase 2 (conjugation phase). Phase | drug metabolizing
enzymes are known as “oxygenases” and they include: Cytochrome P450 (CYP),
Flavin-containing monoxygenases (FMO), and epoxide hydrolases (mEH, sHE). The
main function of these enzymes is to add a functional group to drugs through
oxidation, dealkylation and hydrolysis, making them ready for conjugation through
phase 11 metabolism. Phase 11 drug metabolizing enzymes include: UDP-
glucouronosyltransferases (UGTs) and sulfotransferases (SULTS). These enzymes
tend to increase the molecular mass of the drug and yield more water-soluble
compounds than the parent compounds that are ready to be excreted (Gonzalez &

Tukey, 2006).

a. Phase 1 metabolism of opioids

More than 50 % of opioids are metabolized by the CYP3A4 enzyme (Table
3). Fentanyl and oxycodone are mainly metabolized by CYP 3A4, however a small

portion of oxycodone is metabolized to oxymorphone via CYP2D6 enzymes.
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Tramadol undergoes metabolism through CYP3A4 and CYP2D6 enzymes. Although
primarily metabolized by CYP3A4 and CYP2D6 enzymes, methadone is also
metabolized via CYP2C19, CYP2D6, and CYP2C9. This complex metabolism of
methadone increases the risk of many drug interactions. Concomitant administration
of drugs being CYP3A4 substrates, inducers, or inhibitors lead to potential
interactions with opioids (Table 4). Administration of CYP3A4 substrates or
inhibitors can lead to increase in the opioids level, hence potentially increasing
analgesic effect but also intensifying side effects such as respiratory depression. On
the other hand, administration of CYP3A4 inducers may decrease opioids level in the
body and decrease their analgesic effect. Induction of CYP3A4 in patients taking
tramadol can increase the risk of developing seizures.

The CYP2D6 enzyme is entirely responsible for the metabolism of codeine,
hydrocodone, and dihydrocodeine into their active metabolites morphine,
hydromorphone, and dihydromorphine respectively. These will in turn go into
glucuronidation. These drugs, and to a lesser extent tramadol, methadone and

oxycodone undergo drug interaction with CYP2D6 inducers and inhibitors (Table 5).

b.Phase 2 metabolism of opioids

Morphine, oxymorphone, and hydromorphone undergo glucuronidation
through phase 2 and thus they have a lower risk for drug interactions (Table 3). The
most important enzyme involved in glucuronidation is UGT2B7 enzyme.

Morphine is metabolized to morphine-3-glucuronide (M3G) and morphine-

6-glucuronide (M6G) both of which are water-soluble glucuronides and depend on
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renal elimination for clearance. M3G seems to be antinociceptive and has been
associated with hyperalgesia and neurotoxicity, whereas M6G has analgesic
properties, and is significantly more potent than morphine. Therefore in case of renal
problems, accumulation of both metabolites may predispose patients to toxicity as
well as poor pain control.

Almost 90% of opioids (parent drug and metabolites) are excreted in the
urine. Fecal elimination accounts for less than 10% of opioid excretion, and this
occurs for drugs metabolized by the liver, and some of their metabolites that are

excreted into the biliary tract.

L. Interindividual variability in the pharmacokinetics of opioids

Research and clinical practice have shown that opioid agonists have a
narrow therapeutic index, and are associated with very serious toxicity which is
respiratory depression that could be fatal in some cases. Therefore, for most of the
opioids, there is a fine dosing regimen balance between optimizing pain control and
reducing risks of respiratory depression and sedation (Somogyi, Barratt, & Coller,
2007).In addition, treatment with opioids is associated with a wide interindividual
variability in both pharmacokinetics and pharmacodynamics parameters. For
example, in a study conducted by Aubrun et al. on 3000 postoperative hip
replacement patients, the required morphine dose varied almost 40-fold. Similarly,
when epidural fentanyl was given alone to produce labor analgesia, large doses

ranging between 150-200ug have been reported to produce the analgesia, with a
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median effective dose (ED50) equal to 124.2 pg (95%Cl: 118-130.6pg) (Carrie,
O'Sullivan, & Seegobin, 1981; Justins, Francis, Houlton, & Reynolds, 1982). The
large and unpredictable inter-individual variability in opioids pharmacokinetics can

be attributed to several factors (Table 6).

1.Age
Older patients require lower doses of codeine, fentanyl, morphine and

oxymorphone due to reduced drug clearance (Shafer & Flood, 2008).

2. Sex

Males were found to experience nausea and vomiting, which is a common
side effect of fentanyl, less frequently than females [OR (95%Cl): 0.5(0.4-0.6)]. And
with the same doses of oxycodone, higher concentrations were found in females than

in males even after adjusting for differences in body weight (Cepeda et al., 2003) .

3. Ethnicity

The required dose to produce analgesia following opioid administration
seems to be different among different ethnicities. There is considerable evidence that
Chinese patients have higher clearance and lower plasma concentrations of morphine
(Zhou, Sheller, Nu, Wood, & Wood, 1993). Codeine is a pro drug that undergoes
metabolism by CYP2D6 to yield its active metabolite “morphine” which in turn
responsible for producing analgesia. Morphine concentrations following codeine

administration were found to be lower in the Chinese population suggesting an altered
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in the metabolism of opioids in this population (Yue, Svensson, Alm, Sjogvist, &

Sawe, 1989).

4. Hepatic impairment

The liver is the major site of biotransformation for most opioids. Because of
that, caution is recommended when prescribing opioids to patients with hepatic
impairment. For example in a study conducted by Hudson et al. on patients
undergoing abdominal aortic surgery, the authors reported a lower total body
clearance and larger Vg of fentanyl causing a prolonged ti2 (8.7 hrs) when compared
to values reported in healthy individuals (3 to 4 hrs). However, the aortic clamping in
this study might have affected the distribution and elimination of fentanyl since it
activates the renin-angiotensin system which can cause a decrease in the mesenteric
and hepatic blood flow. Knowing that fentanyl is a high-extraction drug, its clearance
is expected to be sensitive to changes of liver blood flow (Hudson, Thomson, Cannon,
Friesen, & Meatherall, 1986). Moreover it was reported in patients with moderate to
severe liver disease that the peak plasma levels of oxycodone and its main metabolite
noroxycodone were increased 50% and 20% respectively (Smith, 2009). While the
peak plasma concentration of oxymorphone, a metabolite of oxycodone by CYP2D6
enzyme, is decreased by 30%. This can be explained by the failure to bio transform
oxycodone to oxymorphone resulting in the accumulation of oxycodone and
noroxycodone. Although morphine is metabolized by glucuronidation rather than
CYP-mediated pathways, its metabolism is affected by hepatic impairment. This was

shown in 1990 in a study done on 7 patients with severe cirrhosis, such that the
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elimination half-lives and peak plasma concentrations of morphine were significantly
increased. The bioavailability of morphine in these patients was 100% compared to
47% obtained in healthy individuals (Hoskin & Hanks, 1990). In another study,
Crotty et al. compared the morphine hepatic extraction between healthy individuals
and patients with cirrhosis; hepatic extraction was 25% lower in patients with
cirrhosis. The authors suggested that this reduction is due to reduced enzyme capacity

rather than reduction in the hepatic blood flow (Crotty et al., 1989).

5. Renal Impairment

Most opioids are mainly eliminated in the urine, therefore dose adjustments
are needed in case of alteration in renal function. But the effect of renal impairment
on opioids clearance is not unified. For instance, morphine clearance is modestly
affected by renal impairment, whereas the clearance of its metabolites M6G and M3G
is significantly decreased, leading to accumulation of morphine glucuronides that are
associated with serious adverse effects such as respiratory depression, sedation,
nausea and vomiting. As for patients with renal impairment and given oxycodone, it
was found that the level of both oxycodone and noroxycodone were elevated by about
50 % and 20% respectively. Note that the clearance of both methadone and fentanyl is
minimally affected by renal impairment (Smith, 2009).

6 .Genetic polymorphisms

It has been suggested that the inherited differences in drug metabolizing

enzymes, transporters, and target receptors of opioids could explain, at least in part,

the variable pharmacokinetics and pharmacodynamics associated with their use. In
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addition, the population differences in allele frequencies could explain the interethnic
variation s in opioids analgesic activity and risk to develop the unwanted side effects

(A. H. Wu, 2011).

M. Fentanyl

Fentanyl, a phenylpiperidine derivative, is a synthetic opioid analgesic, and
approximately 100 times more potent than morphine (Figure 4). It was synthesized by
Paul Jansesn in 1960 and approved as an analgesic by the Food and Drug
Administration (FDA) in 1986. Fentanyl is 100 times more potent than morphine
when administered intravenously and is dosed in micrograms. Fentanyl interacts
primarily with the Mu receptors, making it one of the cleanest opioids in terms of
pharmacology (Shafer & Flood, 2008), with an improved side effect profile:
negligible histamine release, less sedation, and less constipation. It is extremely
lipophilic, with an almost immediate onset when administered intravenously. Figure 5
summarizes the journey of fentanyl in the body after reaching the circulation. In
addition, its duration is relatively short compared to other opioids, usually lasting only
30 to 60 minutes. Analgesic effects may be prolonged with continuous infusion or
repeated administration due to the redistribution of the drug into fat stores; in these
cases, the elimination half-life may be extended to 13 to 24 hours. Fentanyl is
available in 1V, intrathecal, epidural, transdermal, intranasal, and oral transmucosal

preparations. The route of administration of fentanyl is dependent on the type and
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severity of pain. In case of chronic pain, transdermal patches are a good choice
especially for patients with swallowing difficulties or malabsorption problems
(Fentanyl.2009). Oral transmucosal formulations are suitable for the management of
breakthrough pain in cancer patients. Epidural fentanyl is an effective method for pain
relief during delivery with an increasing popularity in practice because of its greater
pain-relief efficacy when compared with the parental fentanyl. In this study we are
interested in epidural fentanyl because it is commonly used for pain relief in normal

delivery at the American University of Beirut Medical Center (AUBMC).

1.Physical characteristics

Fentanyl citrate is a white crystalline powder or white glistening crystal.
Fentanyl citrate is sparingly soluble in water, slightly soluble in chloroform and
soluble in methyl alcohol. It should be stored at a temperature of 25 degrees and

should be protected from light (Fentanyl.2014).

2. Stability

Fentanyl citrate was shown to be stable for 48 hours when mixed with
glucose 5% or sodium chloride 0.9% at room temperature under common light
conditions in glass or PVC containers, and the concentration of fentanyl delivered by
a patient-controlled system were relatively constant throughout a 30-hour study

period (Jeglum, Winter, & Kotos, 1981).
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In another study, an admixture of fentanyl citrate and bupivacaine in sodium
chloride 0.9% was compatible and stable when stored for up to 30 days at 3 degrees,

or 23 degrees in a portable infusion pump (Tu, Stiles, & Allen, 1990).

3. Interindividual variability in the analgesic potency and duration of fentanyl

analgesia

Fentanyl treatment is associated with a wide interindividual variability in its
pharmacokinetic and pharmacodynamics parameters; such that when epidural
fentanyl was given alone , large doses ranging between 150-200 pg have been
reported to provide satisfactory labor analgesia, and the median effective dose (ED50)
was 124.2 ug (95%Cl, 118-130.6 ug) (Carrie et al., 1981; Justins et al., 1982). In
another study, 100 pg of fentanyl was reported to provide 108+40 to 145 +50 min as
mean duration £SD of labor analgesia. Moreover, in the study conducted by
Simmonds and his colleagues on 39 patients using transdermal fentanyl for cancer
chronic pain relief in a multicenter trial, the median fentanyl dose was 100 pg/hr
(range, 25-525ug/h) showing a wide variability in the required doses (Simmonds &
Richenbacher, 1992). Nevertheless, there is wide discrepancy between the reported
pharmacokinetic constants obtained from different studies such that the elimination
half-life fluctuated between 141 to 853 min, the volume of distribution fluctuated
between 4.4 and 59.7 L and the total body clearance between 160 and 1530 ml/min

(Reilly, Wood, & Wood, 1985).
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The large and unpredictable inter-individual variability in analgesic potency
and pharmacokinetic characteristics of fentanyl can be attributed to the factors
discussed in the previous section, and in the following section we will highlight the
effect of genetic polymorphisms on both response and pharmacokinetics of fentanyl

(Table 7).

N. Effect of genetic polymorphisms in drug metabolizing enzymes on the
pharmacokinetics and pharmacodynamics of fentanyl

Fentanyl is substantially metabolized by CYP3A4 to its major metabolite
norfentanil, and less than 1% is transformed to despropionyl-fentanyl,
hydrozyfentanyl, and hydroxynorfentanyl. Fentanyl metabolites lack clinical activity
and are hydrophilic molecules ready for renal elimination from the body. Metabolism
is significantly correlated with the protein level and catalytic activity of CYP3A4
enzyme (Dong et al., 2012). Variation in the CYP3A4 gene has been shown to be
associated with interindividual variability in drug metabolism. Single nucleotide
polymorphisms (SNPs) are the most common form of genetic variations in CYP3A4.
The frequency of these variants varies interethnically (Bozina, Bradamante, & Lovric,

2009).

Few studies are available on the association between CYP3A
polymorphisms and the fentanyl requirements and clinical efficacy (Table 8). Youn et
al. reported an association between CYP3A4*1G genetic polymorphism and elevated

levels of plasma fentanyl concentration and decreased PCA fentanyl consumption
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(P<0.01) in 176 Han Chinese patients receiving elective lower abdominal surgery
under general anesthesia with fentanyl; such that plasma fentanyl concentration in the
*1/*1 variant (wild-type) group (12.8+6.5 ng/ml) was significantly lower than that in
the *1/*1G group (16.8+9.0 ng/ml, P<0.01) and the *1G/*1G group (28.1£9.5 ng/ml,
P<0.01). Patients in the *1G/*1G group consumed significantly less fentanyl
(247.1£73.2 ng) than that in either the wild-type group (395.0£138.5 pg) or the
*1/*1G group (359.8+120.2 ug) (P<0.01) (Yuan, Zhang, Deng, Wu, & Xiang, 2011).
The variant CYP3A4*1G is common among Asians, occurring in 24.9% Japanese and
in 22.1% Chinese and it results in decreased enzyme activity and intermediate
metabolism (W. Zhang, Chang, Kan, Zhang, Li et al., 2010). These results were
replicated by Zhang et al.in a study done also on Han Chinese, where they reported
that patients homozygous for the CYP3A4*1G variant consumed significantly less
(227.8£55.2 pg) post-operative fentanyl than patients carrying the
CYP3A4*1/*1(381.6+163.6 pug) and CYP3A4*1/*1G (371.9+£180.1 ug) genotypes
(P<0.05) during the first 24 h post abdominal total hysterectomy or myomectomy.
CYP3A enzymatic activity was measured by determining the plasma ratio of 1-
hydroxymidazolam to midazolam 1 h after intravenous administration of 0.1 mg/kg
midazolam for induction of anesthesia. Results demonstrated lower enzymatic activity
of CYP3A4 for patients homozygous for the *1G/1G variant (0.34+0.15) and this was
significantly lower than that in patients bearing the wild-type allele (*1/*1)
(0.46x0.14), or in patients heterozygous for the *1/*1G variant (0.46+0.12) (P<0.05),
suggesting that the homozygote carriers of CYP3A4*1G are more sensitive to fentanyl

due to reduced metabolism (W. Zhang et al., 2010). However, contrasting results
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were reported by Dong et al. who found that homozygous carriers of CYP3A4*1G
allele required significantly higher doses of fentanyl after total abdominal
hysterectomy at 2 and 4h [91.3ug 95%Cl: 80-125] and [169 ug 95%Cl: 112.5-226.3]
respectively (Dong et al., 2012). In a study performed on a Korean population, Kim et
al. evaluated the relation between CYP3A4*18 (also known as CYP3A4*1G) and
CYP3A5*3 genetic polymorphism and total fentanyl consumption in post-operative
treatment of pain, but the findings were not statistically significant (Kim et al., 2013).
A small clinical study carried in 60 Japanese cancer patients reported that
homozygous carriers of CYP3A5*3 had significantly higher plasma concentration of
fentanyl (P<0.05) and significantly higher incidence of analgesia induced adverse
effects (P<0.05) (Takashina et al., 2012). Finally, Zhang et al. went further and
examined the influence of CYP3A5*3 polymorphism and the interaction between
CYP3A5*3 and CYP3A4*1G polymorphisms on post-operative fentanyl analgesia in
Chinese patients undergoing gynecological surgery. They reported less fentanyl
consumption in carriers of the mutant allele CYP3A5*3, but this relation lacked
statistical significance. However, when examining the previous relation in the
presence of CYP3A4*1G, it turned out to be statistically significant such that: carriers
of (CYP3A4*1/*1 or CYP3A4*1/*1G) and (CYP3A5*1/*3 or CYP3A5*3/*3)
genotypes used 360.5+204.3 ug, carriers of (CYP3A4*1G/*1G) and (CYP3A5*1/*1)
used 233.3£108.6 ug, and carriers of (CYP3A4*1G/*1G) and (CYP3A5*1/*3 or
CYP3A5*3/*3) used 190 +41.4g; these were all significantly lower than
(CYP3A4*1/*1 or CYP3A4*1/*1G) and (CYP3A5*1/*1) that used 485+266.1ug (P<

0.05)(W. Zhang, Yuan, Kan, Zhang, Chang, Wang, & Li, 2011). These findings
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suggest a minor role for CYP3A5*3 variant in the interindividual variability of
fentanyl pharmacokinetics and pharmacodynamics, and that there is a potential

interaction between CYP3A5 and CYP3A4 polymorphisms.

O. Effect of genetic polymorphisms in ABC efflux transporters-ABCBL1 (P-
glycoprotein) on the pharmacodynamics of fentanyl

Drug transporters are structural proteins that can affect the process of
absorption, distribution, and elimination of drugs including opioids. Drug transporters
are located at various sites in the Gl tract, kidneys, and liver and are also found at
important sites such as the blood-brain barrier and blood-cerebrospinal fluid barriers,
thus altering the distribution of opioids into different compartments and tissues and
affecting the opioids clinical efficacy and safety since their major site of action lies
within the CNS (Somogyi et al., 2007). For example, Hamabe et al., showed in their
study that pain relief using morphine or fentanyl was better in P-gp deficient mice
than the wild type (Gong et al., 2013).There are two major families of drug
transporters of relevance to the opioid pharmacokinetics: ATP binding cassette (ABC)
superfamily of efflux transporters, and the solute carrier (SLC) superfamily of influx
transporters. To our knowledge, fentanyl, the drug of interest in this study, has been
studied only with the ATP binding cassette (ABC) superfamily of efflux transporters

(Table 9).
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P-glycoprotein is a transmembrane transporter coded by the ATP-binding
cassette subfamily B (ABCB1) or multidrug resistance (MDR1) gene. Over 50 SNPs
have been identified some of which alter both the pharmacokinetics and
pharmacodynamics of P-gp as a result of their effect on transcription and/or
translation of ABCB1 gene. Genetic variants leading to functional impairment of the
P-glycoprotein are discussed below with the main emphasis on the following three
SNPs: C1236T (rs1128503), G2677T/A (rs2032582), and C3435T (rs1045642) that
are associated with lower levels of MDR1 (Wang, Johnson, Papp, Kroetz, & Sadee,
2005).

Korean patients homozygous for 1236TT, 2677TT, and 3435TT showed
increased susceptibility to intravenous fentanyl with early (2-3 min) and profound
suppression of respiration (65-73% of initial respiratory rate) compared with the wild
type carriers (Park et al., 2007). The results suggest that analysis of ABCB1
polymorphism may be of clinical relevance in prevention of respiratory depression,
however further studies on larger scales are needed to confirm the findings.
Contrasting results were published by Kesimici et al who showed no association
between C1236T and C3435T variants and respiratory depression caused by fentanyl
administration in 83 Turkish patients (Kesimci, Engin, Kanbak, & Karahalil, 2012).
Klepstad and coauthors investigated 8 SNPs in the ABCB1 gene (rs4437575,
rs2235013 rs2235033, rs1128503, rs1202170, rs7802773, rs13229143, and
rs1045642); yet, the results showed no significant association between any of the
above SNPs and the clinical efficacy of fentanyl (Klepstad et al., 2011). Takashina et

al. revealed in their study on Japanese cancer patients that 1236TT carriers were
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associated with decreased administration of rescue medication after switching to
transdermal fentanyl system as compared to the carriers of 1236C allele (OR=0.17;
95%¢Cl,0.03-0.89; P=0.036), whereas the mutant allele carriers of 2677TT and
3435TT didn’t (Takashina et al., 2012). In 196 Korean females, no significant relation
was established between both G2677T and C3435T variants and the postoperative
fentanyl requirements (Kim et al., 2013). Therefore more in-depth studies would be
beneficial to draw a conclusion about the effect of genetic polymorphisms in the

ABCB1 gene on fentanyl efficacy.

P. Effect of genetic polymorphisms in OPRM1 on the pharmacodynamics of
fentanyl

OPRML1 is the preferential binding target for many opioids including
fentanyl. OPRML1 gene variants are therefore likely to influence fentanyl action in
vivo. At present, about 100 variants in the OPRM1 gene have been identified, with
more than 20 amino-acid changes. The most commonly studied single nucleotide
polymorphism (SNP) is the A118G which is also known as A304G causing an amino-
acid exchange at position 40 from asparagine to aspartate which corresponds to the N-
terminal region of the receptor in the extracellular space, and therefore leading to loss
of a putative N-glycosylation site and reduced stability of the receptor in cell cultures
(Huang, Chen, Mague, Blendy, & Liu-Chen, 2012). Zhang et al., found in their study

on human brain autopsies that carriers of the variant allele G of A118 had 1.5-2.5 fold
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reduced messenger ribonucleic acid (MRNA) expression of the OPRM1 gene, and in
cell cultures a ten-fold reduction was detected. The minor allele frequency of A118G
variant allele is dependent on ethnicity such that it is 11.9 % in Caucasians, 36% in
Chinese and 46.5 % in Japanese (Zahari Z, 2013). Previous studies have generated
controversial results concerning the influence of 118A>G polymorphism on opioid
dose and analgesia and opioid-related side-effects in patients with pain (Table 10).
Zhang W.et al. evaluated 174 Chinese gynecology patients receiving intravenous
fentanyl patient controlled analgesia (PCA) to evaluate whether A118G
polymorphism of OPRM1 influence the total fentanyl dose. Patients homozygous for
the 118G variant allele needed significantly higher doses of fentanyl to produce
sufficient analgesia as compared to carriers of the wild type allele 118A (P=0.035)
(W. Zhang, Chang, Kan, Zhang, Lu et al., 2010). Zhang S and coauthors reported
similar results regarding postoperative fentanyl consumption such that carriers of the
GG genotype used significantly higher doses of fentanyl as compared to AA and AG
genotypes (S. Zhang, Li, & Tan, 2013). However, other studies could not find a
significant association between A118G polymorphism and fentanyl dose requirements

(Fukuda et al., 2009; Janicki et al., 2006; Kim et al., 2013).

In terms of analgesia effects of fentanyl, Wu et al found that pain intensity
was significantly different between genotypes, with patients carrying the allele 118G
variant having significantly more pain (W. D. Wu, Wang, Fang, & Zhou, 2009). Both
research groups, Zhang W et al and Zhang S. et al, also found significant effect of

A118G polymorphism on pain scores. The pain scores were found to be highest in the
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GG genotype and lowest in the AA genotype (S. Zhang et al., 2013; W. Zhang, Yuan,
Kan, Zhang, Chang, & Wang, 2011). Other studies couldn’t find any difference in the
pain scores among the different genotype groups (Fukuda et al., 2009; Janicki et al.,

2006; Kim et al., 2013; W. Zhang et al., 2010).

Wau et al., in their study that involved 189 Han Chinese patients scheduled
for laparoscopic abdominal surgery receiving fentanyl bolus injection for post-
operative pain demonstrated a small but statistically significant difference between
the 118 AA and 118 AG/GG genotypes with regard to the carbon dioxide arterial
pressure (PaCO(2)) at 15 and 30 minutes from the fentanyl bolus injection after
extubation (p < 0.05). However, no clinically significant difference in the frequency
of respiratory depression was seen. Homozygous 118 GG genotype patients had a
significantly shorter time to awakening (P = 0.018) and extubation (P= 0.024) than

patients with the 118 AA genotype (W. D. Wu et al., 2009).

In an attempt to study the relation between A118G polymorphism and
fentanyl induced side effects on different population samples, no significant
difference existed among the different groups of genotypes (Fukuda et al., 2009;
Janicki et al., 2006; S. Zhang et al., 2013; W. Zhang et al., 2010; W. Zhang et al.,

2011).

Landeau et al investigated the influence of A304G (A118G) polymorphism
on the 50% effective dose (EDso) of epidural fentanyl for labor analgesia in 223

patients of different ethnicities. Results showed that EDso for epidural fentanyl was
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26.8 1 ug (95% CI 22.7-30.9) for AA genotype compared to carriers of the variant
allele G 17.7 1 pg, [(95% CI 13.4-21.9), (P = 0.0091)] (Landau, Kern, Columb,
Smiley, & Blouin, 2008). Wong et al studied 190 parturients receiving intrathecal
fentanyl for the association between A304G polymorphism and the duration of
intrathecal labor analgesia as a primary end point and the severity of fentanyl induced
side effect as secondary endpoints. Results showed no difference in both parameters
among the different groups of genotypes (Wong, McCarthy, Blouin, & Landau,

2010).

Another SNP, IVS3+A8449G which represents a complete linkage
disequilibrium block with 30 polymorphisms in intron 3 and the 3’ flanking region of
the OPRM1 gene was studied in association with fentanyl doses. It is important to
note that CXBX mice carrying a sequence of more than 5000 nucleotide bases of a
transposon intracisternal A particle (IAP) in the 30UTR of the OPRM1 gene, were
less sensitive to opioids since the 1AP insertion might lead to structural instability or
reduction in transcription of mMRNA of OPRM1gene (Fukuda et al., 2009). In the 3’
UTR of OPRM1gene several regulatory elements and transcription factor-binding
motifs exist. Therefore the AP insertion might disrupt the stability of the OPRM1
MRNA by separating these elements. Since a significant sequence homology exists
between the human OPRM1 3°’UTR and the mouse OPRM1 3’UTR, OPRM1 mRNA
levels in human might be influenced by differences in the OPRM1 30UTR sequence
similarly to CXBK mice (Ikeda et al., 2001). Fukuda et al. evaluated the effect of

IVS3+A8449G on the postoperative dose of fentanyl in a study done on 280 Japanese
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patients undergoing painful cosmetic surgery. The results showed that AG and GG
genotypes required significantly less postoperative fentanyl (median: 1.51 pg/kg) than

AA genotypes (median: 2.51 pg/kg, P = 0.010) (Fukuda et al., 2009).

The effect of the combined presence of OPRM1 A118G and CYP3A4*18B
was evaluated by Liao et al. in a study conducted on 97 patients scheduled for radical
gastrectomy. The results showed that in the first 48 h following surgery, patients in
the CYP3A4*18B/*18B group consumed significantly less fentanyl when compared to
patients in the *1/*1 group (P=0.032), whereas no difference was detected among
different genotype groups of OPRM1 gene. With regards to the combined genetic

effect, during the 48-h period, patients with AA and *1*18B polymorphisms received

fewer fentanyl doses compared with AG and *1*1 (P=0.049), while patients with AG
and *1*18B polymorphisms received significantly fewer fentanyl doses compared
with AG and *1*1 (P=0.010), and patients with *18B*18B polymorphisms received
significantly fewer fentanyl doses compared with AA and *1*1 (P=0.024) or AG and
*1*1 polymorphisms (P=0.006). No significant correlation was found between
OPRM1 A118G and CYP3A4*18B and postoperative nausea, vomiting and dizziness
(Liao et al., 2013). This study suggests a role for the genetic combination of
CYP3A4*18B and OPRM1 A118G in determining the dose of fentanyl required

postoperatively.

Therefore the association between the clinical response to fentanyl in

different patients’ populations and OPRM1 gene polymorphisms remains
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controversial. Further studies involving a larger number of patients as well as the

combined effects of multiple genes are needed.

Q. Effect of genetic polymorphisms in OPRM1 on the pharmacodynamics of
other opioids

The relation between polymorphisms in the OPRM1 gene and response to
non-fentanyl opioid therapy was examined in several studies. Klepstad et al. screened
99 Caucasian cancer patients on oral morphine treatment for four frequent OPRM1
polymorphisms (A118G, 1VS 2+31G>A, 1VS2+691G>C, and -172 G>T). Patients
homozygous for the 118 G allele of OPRM1 gene needed significantly higher
morphine doses to achieve pain control as compared to carriers of wild type allele
118A, while no significant differences existed among the other three genotype groups
(Klepstad et al., 2004). Chou et al. in their study on 147 Chinese patients undergoing
total knee arthroplasty and receiving IV morphine found that the A118G
polymorphism contributed to the postoperative amount of morphine used in the first
48 hours. For instance, homozygous carriers of the variant allele G consumed
significantly more amounts of morphine (40.4 +/- 22.0 mg) as compared to the wild
type (25.3 +/- 15.5 mg) (Chou et al., 2006). Later, Bastami et al. found that the
carriers of 118G consumed more morphine as compared to the wild type in the first
24 hours post operation but these results failed to reach statistical significance,
probably due to small sample size (N=40) (Bastami et al., 2014). Conversely, in a
study by Gregori et al. involving 109 Italian patients using oral morphine for the

treatment of postoperative pain, no significant difference was reported in the average
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consumption of morphine during the first 24 hour post-operation between different
genotype groups of A118G of OPRM1 gene [ AA & AG (19.1+14.7mg), AG & GG
(31.4+22 mg) (P>0.05)]. However the lack of significance in the previous study is

likely due to the low frequency of the G allele (0.18) (De Gregori et al., 2013).

Similar to the findings reported with fentanyl, opioid-induced nausea and
vomiting was not shown to be significantly associated with the A118G polymorphism
of OPRML1 gene in the study done by Chen et al. on 129 Taiwanese females
undergoing gynecological surgery (Chen et al., 2013). On the other hand, Wei et al.
examined the association of pruritus with A118G polymorphism in 101 patients
suffering from primary biliary cirrhosis. Results revealed a protective effect of wild
allele A against morphine induced pruritus such that A118G polymorphism was 1.5
times more frequent in the samples from patients without pruritus (Wei, Floreani,
Variola, El Younis, & Bergasa, 2008). Romberg et al. studied the effect of A118G
polymorphism on respiratory depression in 60 patients receiving morphine for
treatment of acute pain, yet no significant difference existed among the two groups
(AA group versus AG &GG group) despite the lower consumption of morphine in the
carriers of the wild allele A (Romberg et al., 2005). However, some caution in the
interpretation of the data is needed because of the small sample size. Finally Lotsch et
al. also failed to reveal any significant association between the toxicity resulting from
the accumulation of morphine-6-glucuronide in two patients suffering from renal
failure. Still the study is based on a very small sample size (N=2) therefore it is not

possible to draw conclusions (Lotsch et al., 2002).
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In terms of analgesia effects of opioids, Henker et al. found that pain
intensity was significantly different between genotypes following morphine use after
surgical procedures for orthopedic trauma, with carriers of the variant allele 118G
having more pain as reported by the postoperative Numerical Pain Scale (NPS) at 15
min in the postanesthesia care unit (PACU) as compared to the homozygous carriers
of the wild allele 118A (P=0.01) (Henker et al., 2013). Liu et al. studied 96 Chinese
patients with chronic cancer pain and found that patients homozygous for the wild
allele 118A had a better analgesic effect of tramadol in combination with
acetaminophen than carriers of the mutant allele 118G, since the wild type showed
significantly lower post-treatment pain scores (0.9 vs. 2.6) and less need for rescue
medication as compared with carriers of the mutant allele (Liu & Wang, 2012). These
data proposes that A118G polymorphism of OPRML1, by altered function of the Mu-
opioid receptor and consequential analgesic effect on opioid agents, could be a key
determinant for decreased response to Ultracet (combination of tramadol and
acetaminophen). Moreover, Campa et al studied 138 Italian patients with cancer pain
who received morphine therapy; they found that homozygous carriers of the wild
allele A were also associated with a significantly greater reduction in pain (decrease
in numerical rating scale (NRS), ANRS=3.73+1.72) as compared to homozygous
carriers of the variant allele G (ANRS=1.95+1.73) (Campa, Gioia, Tomei, Poli, &
Barale, 2008). The previous studies suggests that homozygous carriers of the allele A
and allele G can be classified as good and poor morphine responders respectively.
Important findings were reported by Oertel et al. in his study on 20 healthy

individuals receiving computerized alfentanil and assessed for analgesia and
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respiratory depression. The results revealed higher doses to attain same level of
analgesia in the carriers of the variant allele G as compared to wild type (167 ng/mL
vs 76 ng/mL, respectively). However homozygous carriers of allele G required 10-12
times higher alfentanil concentrations to produce same degree of respiratory
depression. Based on the previous findings, therapeutic range of alfentanil is widened

only in the homozygous carriers of variant allele G (Oertel et al., 2006).

To evaluate the effect of ethnicity and A118G polymorphism of OPRM1
gene on self-reported pain scores and amount of total morphine use, Tan el al.
collected data from 994 women from three main ethnic groups in Singapore. They
found statistically significant association of the A118G OPRM with self-administered
morphine during the first 24-hour postoperative period both in terms of total
morphine [ AA 4.0(3.5), AG 6.0(5.5) & GG 7.0(7.0)]* and weight-adjusted morphine
[ AA5.8(5.7), AG 8.8(8.2) & GG 10.9(10.3)]. They also found significant association
of this OPRM variant and with time-averaged self-rated pain scores [AA 0.29(0.29),

AG 0.43(0.36) & GG 0.43(0.36)] (Tan et al., 2009).

Two other SNPs in the OPRM1 gene (IVS2+31G>A and 1VS2+691G>C)
were also studied in association with the response to opioid therapy. The
IVS2+31G>A polymorphism causes substitution of Adenine(A) for Guanine (G) at 31
bp downstream of exon 2 and 1VS2+691G>C causes substitution of Cytosine (C) for
Guanine (G) at 691 bp downstream of exon 2 . Both polymorphisms might greatly

change the affinity of the regulatory factors for the intronic deoxyribonucleic acid

! Data are expressed as median (semi-interquartile range)
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(DNA) sequence and directly alter mRNA levels, and therefore might change the
regulation of the expression of Mu-1 opioid receptors (Zahari Z, 2013). Klepstad et al.
investigated the effect of both (1VS2+31G>A and IVS2+691G>C) polymorphisms on
morphine doses and serum concentrations of morphine and morphine metabolites in
the different genotype groups, in 99 Caucasian patients receiving morphine for the
treatment of cancer pain. However, no significant difference was recorded in the
previously mentioned endpoints among the different genotype groups (Klepstad et al.,
2004). Also Ross et al. examined the association of A118G, 1IVS2+31G>A and
IVS2+691G>C in 138 Caucasian patients with chronic cancer pain who responded to
morphine (controls) compared to those who were switched to alternative opioids
(switchers). In this study also, no significant difference was found among the different
genotype groups regarding genotype the distribution among the controls and

switchers (Ross et al., 2005).

In total, the studies have raised a great deal of inquiry over the potential role
of the OPRM1 polymorphisms in increased opioid dose requirements, reduced opioid
analgesia and reduced risk of side-effects such as nausea, vomiting and pruritus but

with no clear resolution.
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Chapter 11

Specific Aims

Labor pain is most commonly relieved by epidural analgesia, and fentanyl is
considered to be the cornerstone drug in this practice. However, as described before,
opioids such as fentanyl are associated with a wide inter-individual variability in both
pharmacokinetic and pharmacodynamic parameters. Causes of this variability are still
undefined; yet, genetic polymorphisms in OPRM1 may play a role.

To our knowledge, the effect of the A118G genetic polymorphism of
OPRML1 on the duration and/ or efficacy of epidural fentanyl analgesia in early labor
has not been previously reported. In addition, all previous studies of the OPRM1 gene
polymorphisms were performed on Asian, American and European ethnicities, so we
still don’t know the effect in the people of the Middle Eastern area.

In this study, we aimed to correlate A118G SNP of the OPRM1gene on the
duration of epidural fentanyl analgesia in a sample of Lebanese women, and test if
this polymorphism is a predictor for fentanyl response in the Lebanese population.
The following hypothesis was proposed:

Carriers of the variant allele G of A118G polymorphism are associated with
a poorer response to therapy illustrated by a shorter duration of analgesia following

epidural fentanyl.
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Chapter 111
Materials and Methods

A.Human subjects

This study included 25 nulliparous parturient > 37 weeks gestation, with an
uncomplicated course of singleton vertex pregnancy, either ASA I( normal healthy
patients) or ASA II( patients with mild systemic disease; no functional limitation—eg,
smoker with well-controlled HTN), and requesting epidural analgesia for pain relief at
the AUBMC. Participants having any of the following conditions were excluded from
the study:

e Advanced cervical dilation (> 5 cm) at the time of request for epidural
analgesia, because epidural fentanyl alone does not provide sufficient analgesia
during the second stage of labor.

e Multiple gestations

¢ Contraindication to epidural analgesia

e Contraindication to local anesthetics or fentanyl

¢ History of chronic opioid use or recent acute opioid use

e Severe medical or obstetric complications, such as: preeclampsia,
uncontrolled pregestational diabetes, cardiovascular disease etc...

e Visual analogue scale (VAS) > 3 cm, 30 min after epidural administration.

43



B. Data collection

This study was approved by the Institutional Review Board of Human
Rights. All subjects accepted to sign an informed consent during recruitment. Before
epidural fentanyl was administered to the patients, participants were asked to fill a
baseline assessment of intensity of labor pain with a 10-cm visual analogue scale
(VAS) score for pain (Figure 6). In addition body mass index (BMI), gravida,
gestational age (weeks), maternal age (years), number of vaginal examinations,
cervical dilation at 1%tand 2" analgesic requests, maximum oxytocin, and neonatal
weight were recorded.

The following outcomes were collected: pain intensity using VAS was also
at 10, 20 and 30 min after the administration of fentanyl, and at the second request of
analgesia. At the second request of analgesia, participants were asked about the
presence of common side effects of fentanyl since the initiation of analgesia. These
included: pruritus (none, mild, moderate, severe), nausea (none, mild, moderate,
severe), and vomiting (yes, no). One hour after the delivery, participants were asked
to rate their satisfaction with labor analgesia (100 mm scale, 0 mm= not satisfied at
all, 100 mm= very satisfied). Moreover the following data: time of delivery, mode of
delivery, Apgar scores, total dose of epidural bupivacaine and lidocaine, total epidural
infusion volume, total dose of epidural fentanyl, number of manual boluses, patient
controlled epidural analgesia (PCEA) requests and PCEA deliveries, duration of
epidural fentanyl analgesia, time from first analgesia to complete cervical dilation,

and time from first analgesia to delivery were recorded.
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C. Experimental methodology
1.Sample processing

About 1 ml of whole blood was withdrawn and processed by dividing the
available volume into aliquots that were stored in eppendorf tubes at -80°C until DNA
isolation.
2.DNA isolation

DNA was extracted from 300 pul whole blood and stored at -20°C until
genotyping. The DNA extraction method was done according to the guidelines of the
Flexigene DNA kit (Qiagen GMBH D-40724 Hilden) with minor adjustments.
Quantity and purity of DNA was measured using Nanodrop spectrophotometer.
3.Genotyping

SNP genotyping was performed using predesigned TagMan SNP genotyping
assays (Applied Biosystems). Approximately 10ng of genomic DNA was amplified in
a 25ul reaction mixture, containing 12.5ul TagMan genotyping master mix (Applied
Biosystems) and 1.25ul assay mixture , the latter containing the respective primers
and probes, and 9.25ul of nuclease-free water. The probes were labeled with the
reporter dye FAM or VIC to distinguish between the two alleles (Figure 7). The wild
typeallele 118A that binds to the primer that fluoresces at the Vic channel is
represented by the green curve, whereas the mutant type allele 118G that binds to the
primer that fluoresces at the Fam channel and is represented by the blue curve. After
initial denaturation and enzyme activation at 95°C for 10 min, the reaction mixture
was subjected to 40 cycles of 95°C for 15 s and 60°C for 1 min. The reactions were

performed on a CFX96 sequence detection system. Negative controls containing
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water instead of DNA were included in every run to confirm the absence of any
contamination. Genotypes were determined using the CFX 96 software.
Approximately 10% of the samples were genotyped twice and the concordance rate
was 100%.
4.Data analysis

Data were analyzed using SPSS version 21. The genotype of rs1799971
was dichotomized into major allele homozygous (AA) and the combination of
heterozygote and minor allele homozygote (AA+AG). This dichotomization was
chosen because, in the present study, the number of subjects carrying only the minor
G allele of the A118G SNP was only one. Hardy-Weinberg Equilibrium test was

conducted using an online calculator (http://ihg.gsf.de/ihg/snps.html). Baseline

demographics and clinical data were computed and expressed as median [interquartile
range] or frequencies as appropriate.

The primary endpoint was duration of epidural fentanyl labor analgesia.
Analysis of additional endpoints such as the need for local anesthetics, total dose of
local anesthetics used, total fentanyl used, difference in the VAS and cervical dilation
at request of analgesia as indirect measurement for pain tolerance, or incidence of
common side effects of fentanyl (nausea, vomiting, pruritus) was also attempted.

Association analysis was performed using the non-parametric Mann-
Whitney U-test and Fisher-exact. Statistically significant variants should pass the

threshold of significance (P=0.05).
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Data from the two groups were compared regarding the duration of epidural
fentanyl analgesia between groups (AA) and (AG & GG) using the Kaplan-Meier

survival method and log-rank test.

Covariates selected for adjustment were based on prior reports and included
all the baseline demographics variables listed in Table 13. Regression model selection
was done with backward elimination (Wald statistic, confirmed by forward and

stepwise selection).
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Chapter 1V

Results

A. Baseline Demographics

Twenty eight subjects consented to participate in the study between
October 2013 and March 2014. Three subjects were excluded from data analysis
because of cervical dilatation at analgesic request <2 cm or >5 cm.

Baseline demographic and clinical characteristics data were similar in
women in both genotype groups (Table 13). For instance, there were no differences in
the median of cervical dilation at 1% analgesic request, cervical dilation at 2"
analgesic request, VAS at 1 analgesia, and maximum oxytocin used between patients
in group AA compared to patients in group AA &AG, however there was a trend
towards more cervical dilation at the 2" analgesia request in those carrying the

mutant allele (P=0.083).

B. Genotyping Results

Among the 25 patients, 20 (80%) were AA homozygotes, 4 AG
heterozygotes, and 1 GG homozygotes (Table 11). These were in Hardy-Weinberg
equilibrium (P<0.05), and the corresponding MAF identified in this sample
population (0.12) was in concordance with that of Caucasians and Americans but

different from that reported in Asian populations (Table 12).
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C. Outcome

Kaplan—Meier survival curves of duration of epidural fentanyl analgesia,
which is the primary outcome in this study, showed a trend towards shorter duration
of analgesia in females carrying the mutant allele G (AG & GG) such that median
duration of epidural fentanyl analgesia in the wild homozygous (AA) was 115
minutes (95% CI 62.40-167.59) compared to 90 minutes in carriers of the mutant
allele (AG & GG) (95% CI 62.08-117.91) (P=0.077, log-rank test) (Figure 8)

Table 14 summarizes the additional outcomes we were interested in
measuring. Mann—-Whitney U-test revealed a significant difference between the two
genotype groups when comparing manual lidocaine administered by the
anesthesiologists. Females with the AA genotype received 70(0-160) mg manual
lidocaine, while patients with the AG & GG genotype received 175 (40-200) mg
manual lidocaine (P=0.015) (Figure 9). A trend was observed towards higher number
of transfer doses of local anesthetics with female carrying AG or GG genotypes
(P=0.097) (Figure 10). Also pain score at 2" analgesia request was higher in patients
with AG & GG genotypes [8 (6.5-9.5)] as compared to females with AA genotypes
[6(5-7.75)] (Figure 11).

Note that adjusting for the difference in cervical dilation at the 2" analgesia
request between the two genotype groups altered the previous associations of the
manual lidocaine, total number of transfer doses of local anesthetics and pain score at

2"d analgesia request, P value=0.567, 0.402, and 0.692 respectively.
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Chapter V

Discussion

The present study has addressed a possible contribution of the SNP A118G
of OPRML gene to the duration of epidural fentanyl analgesia. This study was carried
out at the American University of Beirut Medical Center (AUBMC), and is the first in

the Middle East to study this association.

Previous studies have shown that treatment with fentanyl is associated with
10-fold variation among patients (Dsida et al., 1998). Many factors were reported to
account for this variation. Age, gender, ethnicity, hepatic impairment, renal
impairment and type of pain are among the most consistently reported factors. But
these factors account for 20 to 70% of the variability in fentanyl response (Dsida et
al., 1998; Hawkins & Bucklin, 2012; Labroo, Paine, Thummel, & Kharasch, 1997a).
Therefore, the insufficient response to fentanyl may be in a part attributed to genetic
variability in the OPRM1gene. To date, more than 100 polymorphisms in the intron,
promoter and coding region have been identified and thought to alter the expression
level and/or activity of the OPRM1. Among these polymorphisms, A118G SNP is the
most studied and shown to be clinically relevant (Zahari Z, 2013). We hypothesized
that patients carrying the G allele of A118 polymorphism of OPRM1 gene are
associated with a poorer response to therapy shown by a shorter duration of analgesia

following epidural fentanyl.

50



Previous studies have shown a significant ethnic diversity in the frequency
of the A118G polymorphism. As expected results of this study showed a similar MAF

of the Lebanese to that of the Caucasians rather than the Asians (Zahari Z, 2013).

The interesting finding of this study is that the analgesic effect of fentanyl
was significantly reduced in females carrying the 118G allele of OPRM1, since they
required significantly higher amounts of manual lidocaine administered by the
anesthesiologist to treat breakthrough pain, and with a trend towards higher number
of transfer doses of lidocaine. Moreover, we observed a trend towards shorter
duration of analgesia in carriers of the 118G allele. Several studies have investigated
possible associations between the A118G polymorphism and postoperative analgesic
requirements. However, they yielded inconsistent results. For example, Zhang W et
al. showed that homozygous carriers of 118G variant allele required significantly
higher post-operative doses of fentanyl in his study on 174 Chinese gynecology
patients (W. Zhang et al., 2010). Also Zhang S et al. reported higher total self-
administered epidural fentanyl in 96 Chinese females undergoing elective cesarean
delivery (S. Zhang et al., 2013). These results are consistent with our findings.
Fukuda et al. also showed a trend towards higher fentanyl consumption
postoperatively in 280 Japanese patients undergoing painful orofacial cosmetic
surgery (Fukuda et al., 2009). However, other studies done on Americans, and
Koreans failed to find significant association, between A118G SNP and analgesic
requirements (Janicki et al., 2006; Kim et al., 2013). The association between A118G

SNP and duration of intrathecal fentanyl analgesia was studied only by Wong et al. on
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190 female patients undergoing primary cesarean delivery (Wong et al., 2010). In this

study no association was reported, and this contradicts our findings.

So although our study was not designed to investigate the molecular
pathways by which laboring women carrying allele G show poorer response to
epidural fentanyl, it is of interest to consider potential mechanisms. One explanation
is that the A118G polymorphism of OPRML1 gene is probably a loss of function
mutation. For instance, the variant allele might lead to a receptor lacking an important
N-glycosylation site known to be crucial in mediating protein conformation that
allows receptor trafficking to the cell membrane (Zahari Z, 2013). Moreover, a study
done on human brain autopsies showed that the 118G mRNA was obviously lower
than the 118 A mRNA expression induced by the A118G polymorphism (Y. Zhang,

Wang, Johnson, Papp, & Sadee, 2005).

Although maternal demographics and neonatal data were similar between
both groups, the median cervical dilation at the time of second analgesia request was
less in the AA group when compared to the AG & GG group. This is a similar finding
to that reported by Landeau et al. in their study of intrathecal fentanyl potency, and
Wong et al. in their study on duration of intrathecal fentanyl, as it is well known that
analgesic requirements increase with labor progression and cervical dilation (Landau
et al., 2008). So, females carrying the variant allele G had increased analgesic
requirements in part due to greater cervical dilation at second analgesic request. It was
also suggested in previous studies that females carrying allele G have higher pain

tolerance and request epidural analgesia at a later point in labor, and this is consistent
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with the finding of enhanced beta-endorphin binding. It is important to note that in the
same study, the A118G was opioid selective because the binding affinity of fentanyl
was not affected (Bond et al., 1998). Moreover, few studies have suggested that 118G
variant allele alters activation of the hypothalamic-pituitary-adrenal (HPA) axis
stress-induced production of cortisol; it is possible that this or other hormonal-related
effects could impact the course of labor (Hernandez-Avila, Wand, Luo, Gelernter, &
Kranzler, 2003). This would be consistent with our finding of four failures (20%) for
rapid progress of labor in females carrying AA genotype versus zero failure (0%) in

females carrying the G allele.

Pruritus is among the most common reported side effects of fentanyl beside
nausea and vomiting (Fentanyl.2014). There was no statistical difference in the
incidence among the two groups, and this is a similar finding with previous studies
(Wong et al., 2010; S. Zhang et al., 2013; W. Zhang et al., 2010; W. Zhang et al.,
2011). However, it was not a main purpose of our study to explore pruritus, nausea
and vomiting, so the sample size may be inadequate to comment on possible genetic
influences on this side effect. This may be also the reason for the apparent lack of

relationship between additional side effects of fentanyl and A118G genotypes.

Finally it is important to mention that the genetic combination of
CYP3A4*18B and OPRM1 A118G was found to contribute to the dose of fentanyl
given postoperatively in the study of fentanyl consumption in patients undergoing
radical gastrectomy (Liao et al., 2013). Therefore the possible effects of different

genetic combinations with the OPRM1 gene must be further studied.
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Limitations:

As in any other research, our study has several limitations. The most
obvious is that we have only studied healthy nulliparous young women in labor and
thus gender specific and pregnancy-related differences could not be detected. In
addition, it is not known whether the association between A118G polymorphism of
OPRM1 gene and clinical response to fentanyl could be extrapolated to other opioids,
or fentanyl given via alternate routes in patients suffering different pain syndromes.
The sample number of the studied population is 25 which is so far too low, hence
further recruitment is needed to reach statistical power for the hypothesis tested
(target sample size= 250). Moreover we have studied only one SNP of the OPRM1
gene, knowing that other candidate genes might also contribute to the variation in the

response.
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Chapter VI

Conclusion

Increasing research efforts in the field of pain management are currently
being undertaken to elucidate genomic variations influencing the pharmacological
treatment of pain. This is the first study in the Middle East Area studying the
association of A118G of OPRM1gene with duration of epidural fentanyl analgesia.
Further recruitment is ongoing to confirm these findings in larger cohort. We also
recommend studying more opioids given in different routes of administration in
association with possible polymorphisms in additional genes coding for drug

metabolizing enzymes, drug transporters and drug receptors.
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Table 1. Classification of opioids according to source, structure, intrinsic activity and receptor affinity (McDonald & Lambert,

2005; Trescot et al., 2008).

Source Chemical Structure Intrinsic Activity Receptor Affinity
Natural | Semi- Synthetic | Phenanthrene | Phenylpiperidine | Phenyl Agonist | Partial | Mixed Antagonist | MOP KOP | DOP
synthetic heptylamine agonist agonist/.
antagonist
Morphine N - - N - - N - - R T+ |+ n
Codeine N - - N - _ N B _ - n ¥ N
Hydrocodone - N - N - - N - - B —+ - -
Oxycodone - N - N - - N| - - - ¥ _ +
Methadone - - N - - N N - - - + R -
Fentanyl - - N - \ - N _ B _ T+t " -
Buprenorphine - N - N - - B N _ - — n -
Pentazocine - - N - N R - B J N - I -
Naloxone - - N N - - - - ; N T+ | ++ | ++
Naltrexone - - N N - - R _ - N i+ | =+ | ==

+++ strong affinity, ++ moderate affinity, + weak affinity
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Table 2. The different types of opioid receptors, their main effects, and the ligands that demonstrate preference of binding (Fox

etal., 2011)
Receptor Subtypes  Location Effect Preference of Binding
Mu (p) M1, M2, M3 ¢ Brain o Ly Morphine,
o Periaqueductal gelatinosa o Supraspinal analgesia Fentany!l
o Striosomes o Physical dependence Alfentanil,
o Thalamus ° Sufentanil
o Chemoreceptor trigger zone(CTZ) o respiratory depression Remifentanil,
o Cortex (laminaelll and 1V) o Miosis Lofentanil
o Euphoria Endorphin
¢ Spinal Cord o Reduced GI motility
o Substantia gelatinosa o Physical dependence
e Intestinal tract
Kappa (k) 1, K2 K3 e Brain e Spinal analgesia Nalbuphine
o Hypothalamus ¢ Sedation Butorphanol
o Periaqueductal gray e Miosis Pentazocine
o Claustrum e Dysphoria Bremazocine
_ e Hallucination Dynorphin
* Spinal Cord _ e Less respiratory depression
o Substantia gelatinosa
Delta (8) 91,02 ¢ Brain ¢ Analgesia Leu-Enkephalin
o Amygdala o Antidepressant effects Met-Enkephalin

o Olfactory bulbs
o Deep cortex
o Pontine nuclei

¢ Physical dependence
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Table 3. Opioids and the relevant drug metabolizing enzymes and transporters (Smith,

2009)
Opioids Phase | Phase 2 Transporters  Comment
metabolism metabolism
Morphine None UGT2B7 MDR1
Codeine CYP2D6 None SLC22al
Hydrocodone CYP2D6 None - One of the metabolite of hydrocodone is
hydromorphone, which undergoes phase 2
glucouronidation
Oxycodone CYP3A4 None MDR1 Oxycodone produces small amount of oxymorphone,
CYP2D6 which must undergo subsequent metabolism via
glucouronidation
Methadone CYP3A4 None MDR1 CYP3A4 and CYP2B6 are the primary enzymes
CYP2B6 involved in methadone metabolism; other enzymes
CYP2C8 play a relatively minor role.
CYP2C19
CYP2D6
CYP2C9
Tramadol CYP3A4 None -
CYP2D6
Fentanyl CYP3A4 None MDR1
Hydromorphone  None UGT2B7 -
Oxymorphone None UGT2B7 -

(-) is not subjected to transport

58



Table 4. Cytochrome P450 3A4 Substrates, Inhibitors, and Inducers (Smith, 2009).

Substrates Inhibitors Inducers
CCBs Other Antiretroviral CCBs Antibiotics Chemotherapeutic Statins
Amlodipine psychiatric agents Amlodipine Ciprofloxacin agents Atorvastatin
Diltiazem drugs Indinavir Diltiazem Clarithromycin 4-Ipomeanol Fluvastatin
Felodipine Avripiprazole Lopinavir Felodipine Erythromycin Imatinib Lovastatin
Nicardipine Bromocriptine Nelfinavir Nicardipine Josamycin Irinotecan Simvastatin
Nifedipine Buspirone Nevirapine Nifedipine Norfloxacin Tamoxifen Antiretroviral
Verapamil Carbamazepine Ritonavir Verapamil Oleandomycin Hormonal therapies | agents
Statins Donepezil Saquinavir Statin Roxithromycin Ethinyl estradiol Efavirenz
Atorvastatin Haloperidol Tipranavir Simvastatin Telithromycin Levonorgestrel Lopinavir
Lovastatin Mirtazapine Chemotherapeutic | Antiarrhythmic Azole antifungal  Raloxifene Nevirapine
Simvastatin Nefazodone agents agents agents Other drugs Hypnotic agent
Other Pimozide Cyclophosphamide | Amiodarone Clotrimazole Cimetidine Pentobarbital
cardiovascular Reboxetine Docetaxel Quinidine Fluconazole Disulfiram Anticonvulsant
agents Risperidone Doxorubicin Phosphodiesterase  Itraconazole Methylprednisolone [ agents
Amiodarone Valproate Etoposide inhibitor Ketoconazole Phenelzine Carbamazepine
Digoxin Venlafaxine Gefitinib Tadalafil Miconazole Foods Oxcarbazepine
Ivabradine Ziprasidone Ifosfamide Psychiatric drugs Voriconazole Bergamottin Phenobarbital
Quinidine Sleep aids Paclitaxel Bromocriptine Antiretroviral (grapefruit Phenytoin
Warfarin Zolpidem Tamoxifen Clonazepam agents juice) Primidone
Phosphodiesterase ~ Zopiclone Teniposide Desipramine Amprenavir Star fruit Valproic acid
inhibitors Antibiotics Vinblastine Fluoxetine Atazanavir Food
Sildenafil Azithromycin Vindesine Fluvoxamine Delavirdine Cafestol
Tadalafil Clarithromycin Hormonal Haloperidol Efavirenz (caffeine
Benzodiazepines Erythromycin therapies Nefazodone Indinavir
Alprazolam Oleandomycin Estradiol Norclomipramine Lopinavir
Clonazepam Azole antifungal  Ethinyl estradiol Nortriptyline Ritonavir
Flunitrazepam agents Levonorgestrel Sertraline Nelfinavir
Midazolam Itraconazole Raloxifene Nevirapine
Triazolam Ketoconazole Testosterone Saquinavir
SSRIs Tipranavir
Citalopram
Fluoxetine
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Table 5. Cytochrome P450 2D6 Substrates, Inhibitors, and Inducers (Smith, 2009).

Substrates Inhibitors Inducers
Antiarrhythmic agents ~ SSRIs Antiarrhythmic agents  Antihistamine Antibiotic
Encainide Fluoxetine Amiodarone Chlorpheniramine Rifampin
Flecainide Fluvoxamine Quinidine Histamine H2 receptor | Glucocorticoid
Lidocaine Paroxetine Antipsychotic agents antagonists Dexamethasone
Mexiletine Tricyclics Chlorpromazine Cimetidine
Propafenone Amitriptyline Reduced haloperidol Ranitidine
Sparteine Amoxapine Levomepromazine Other drugs
B-Blockers Clomipramine SNRI Celecoxib
Alprenolol Desipramine Duloxetine Doxorubicin
Carvedilol Doxepin SSRIs Ritonavir
Metoprolol Imipramine Citalopram Terbinafine
Propranolol Nortriptyline Escitalopram
Timolol Other drugs Fluoxetine
Antipsychotic agents Amphetamine Paroxetine
Aripiprazole Chlorpheniramine Sertraline
Haloperidol Debrisoquine Tricyclic
Perphenazine Dextromethorphan Clomipramine
Risperidone Histamine H1 receptor | Other antidepressant/
Thioridazine antagonists antianxiolytic agents
Zuclopenthixol Metoclopramide Bupropion
SNRIs Phenformin Moclobemide
Duloxetine Tamoxifen
Venlafaxine
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Table 6. Non-genetic factors influencing pharmacokinetics of opioids (Lacy, Armstrong, Goldman, & Lance, 2009)

Opioid Age Sex Ethnicity Hepatic impairment  Renal Impairment
Morphine Clearance may be  No effect Chinese patients Dose adjustment Dose adjustment
reduced in older have higher recommended recommended
patients clearance of
morphine
Codeine Caution No effect CYP2D6 allelic Dose adjustment Dose adjustment
recommended in variants may alter ~ recommended recommended
older patients metabolism , and
it is more common
in people of
Asian and African
descents
Hydrocodone Caution No known CYP2D6 allelic Liver function monitoring Renal function
recommended in effect variants may alter  is recommended monitoring is
older patients metabolism ,and it recommended in
iS more common patients with severe
in people of Asian renal impairment
and African
descents
Oxycodone Concentrations Concentration No effect Dose adjustment Dose adjustment
minimally higher ~25% higher in recommended recommended
in older patients females than
males
Methadone Elderly patients No effect No effect Dose adjustment Dose adjustment
require dose recommended in patients recommended in
adjustments with severe impairment patients with severe
impairment
Tramadol Effect of aging No significant No effect Dose adjustment Dose adjustment
has not been effect recommended in patients recommended in
studied with severe impairment patients with severe
impairment
Fentanyl Clearance is No effect No effect Dose adjustment Dose adjustment
reduced in older recommended recommended
patients
Hydromorphone No effect Cmax ~25% No effect Dose adjustment Dose adjustment
higher in recommended recommended
females than
males
Oxymorphone Css~40% higher No effect No effect Contraindicated in patients ~ Dose adjustment

in patients aged
>65 years

with moderate or severe
hepatic impairment

recommended
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Table 7. Summary of different studies on the effects of genetic polymorphisms in CYP3A, ABCB1 and OPRM1 genes on
fentanyl pharmacodynamics and pharmacokinetics

CYP3A4 CYP3A5 OPRM1 ABCBL1

Studies Ethnicity CYP3A4:1G“

cvyp3as~1G | cypsasx1s | cypsasxs | CYP3AS™S A118G IVS3+A8449G | C1236T | G2677T/A C3435T
(Dong et al., 2012) Han Chinese S - - - - R R - N
(Yuanetal., 2011) Han Chinese S - - - - - R i _
(W. Zhang et al., Han Chinese S - - - - - - - -
2010)
(W. Zhang et al., Chinese - - NS S - - - - -
2011)
(Takashina et al., Japanese - - S - NS - S NS NS
2012)
(Kimetal., 2013) Korean - NS NS - - - - NS NS
(W. Zhang et al., Chinese - - - - S - - - -
2010)
(Wong et al., 2010) Mixed - - - - NS - - - -
(Landau et al., 2008) | Mixed - - - - S - - - -
(Fukuda et al., 2009) | Japanese - - - - NS S - - -
(W.D. Wuetal., Han Chinese - - - - S - - - -
2009)
(Janicki et al., 2006) | American - - - - NS - - - -
(W. Zhang et al., Han Chinese - - - - NS - - - -
2011)
(W. Zhang et al., Chinese - - - - S - - - -
2010)
(Park et al., 2007) Korean - - - - - - S S S
(Kesimci et al., 2012) | Turkish - - - - - - NS - NS
(Klepstad et al., European - - - - - - NS NS NS

2011)*

* Other SNPs in the ABCB1 gene have been studied including: rs4437575, rs2235013, rs2235033, rs1202170, rs7802773,and rs13229143, however

they all failed to show significant association with fentanyl efficacy.

S=significant, NS= nit significant and (-)= not studied
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Table 8. Association studies of CYP3A drug metabolizing enzymes polymorphisms with fentanyl requirements and clinical

effects.
Gene Polymorphism | Ethnicity Genotype, N Type of | Variable Result Reference
pain
CYP3A4 | CYP3A4*1G Han Chinese | 79 female Post- -post-operative fentanyl consumption -GG genotype > GA (Dong et
operative ) ) and AA genotype ( al., 2012)
GG=46 pain -post-operative VAS pain scores P<0.05)
GA=27 -analgesia induced nausea, vomiting -No difference
and sedation
AA=6 -No difference
CYP3A4 | CYP3A4*1G Han Chinese | 176 Post- -VAS pain scores -No difference (P>0.05) | (Yuan et
operative ) al., 2011)
*1/*1= 103 pain - plasma fentanyl concentration -*1/*1 genotype <
o *1/*1G and *1G/*1G
1/*1G=66 genotype (P<0.01)
*1G/*1G=7 - PCA fentanyl consumption *1G/*1G genotype <
*1/*1 and *1/*1G
genotypes (p<0.01)

- Analgesia induced nausea and
vomiting

-No difference (p>0.05)
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CYP3A4 | CYP3A4*1G Han Chinese | 176 Post- -post-operative VAS pain scores --No difference (W. Zhang
i operative ) ) (P>0.05) etal.,
1/*1=103 pain - post-operative fentanyl consumption 2010)
i -1G/*1G genotype <
1/*1G= 66 *1/*1 and *1/*1G
*1G/*1G=7 -analgesia induced nausea, vomiting genotypes (p<0.05)
and sedation --No difference
-CYP3A4 enzyme activity (P>0.05)
-1G/*1G genotype <
*1/*1 and *1/*1G
genotypes (p<0.01)
CYP3A4 | CYP3A4*1G Chinese 192 Post- -post-operative VAS pain scores -No difference (W. Zhang
And _ _ operative _ _ etal.,
CYP3A5 | Combined with GG/AG- pain - post-operative fentanyl consumption | -CYP3A5*1/*3 and 2011)
. AA=12 CYP3A5*3/*3 <
CYP3AS*3 CYP3A5*1/*1(wild
GG/AG- type), however this
AG/GG=166 relation is not
AA-AA=6 statistically significant..
AA- Whe_n th_e previo_us
AG/GG=8 relation is combined

-CYP3A activity

with CYP3A4*1G , it
turns to be statistically
significant

-same activity was
recorded among
different genotypes
groups
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CYP3A5 | CYP3A5*3 Japanese 60 chronic -plasma concentration of fentanyl -CYP3A5S *3/*3> (Takashin
i pain CYP3A5 *1/*1 and aetal.,
1/*1=166 *1/*3 ( P<0.05) 2012)
*1/*3=6 -incidence of adverse effects - CYP3A5 *3/*3>
*3/+3=8 CYP3A5 *1/*1 and
*1/*3 (P<0.05)
CYP3A4 | CYP3A4*18 Korean 196 Post- -total fentanyl consumption - No difference among | (Kim et
CYP3A5 | CYP3A5*3 operative the genotypes groups al., 2013)
pain
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Table 9. Association studies of ABCB1 polymorphisms with fentanyl requirements and clinical effects.

SNP rs number | Study Route of Results Reference
Population administration
C1236T rs1128503 126 Korean Spinal fentanyl | 1236TT, 2677TT, and 3435TT (Park et
G2677T/IA rs2032582 patients under were significantly associated with | al., 2007)
C3435T rs1045642 | spinal anesthesia early and profound respiratory
with fentanyl depression after fentanyl
administration
C1236T rs1128503 83 Turkish Spinal fentanyl | C1236T and C3435T were not (Kesimci
C3435T rs1045642 patients significantly associated with etal.,
scheduled for sedation and respiratory depression | 2012)
elective lower caused by fentanyl administration
extremity
surgery
T3283T>C rs4437575 690 European Transdermal None of these SNPs was (Klepstad
1725+38G>A | rs2235013 cancer patients fentanyl significantly associated with etal.,
1554+24T>C | rs2235033 fentanyl efficacy. 2011)
1236C>T rs1128503
702+280G>A | rs1202170
118-3351T>C | rs7802773
118-4485C>G | rs13229143
3435C>T rs1045642
C1236T rs1128503 60 Japanese Transdermal 1236TT carriers were associated (Takashina
G2677AIT rs2032582 cancer patients | fentanyl with decreased administration of etal.,
C3435T rs1045642 rescue medication after switching | 2012)
to transdermal fentanyl system,
whereas mutant carriers of
2677A/T, and 3435TT lacked this
relation
G2677AIT rs2032582 196 Korean IV fentanyl G2677A/T and C3435T SNPs (Kim et
female patients were not associated with al., 2013)
C3435T rs1045642 | ndergoing postoperative fentanyl

total abdominal
hysterectomy or
laparoscopic
assisted vaginal
hysterectomy

requirements.
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Table 10. Association studies of OPRM1 polymorphisms with fentanyl requirements and clinical effects.

Polymorphism Study Group Genotype, N | Type of Variable Result Reference
pain
Al18G Chinese 174 Post- Fentanyl dose GG genotypes > AA and AG genotypes (W. Zhang
gynecology AA=86 operative No difference etal., 2010)
patients AG=67 pain Post-operative VAS pain scores No difference
GG=21 Incidence of post-operative nausea and
vomiting and sedation score
Al118G Han Chinese 189 Post- VAS pain scores AG or GG genotypes > AA genotypes (W. D. Wu
patients undergoing | AA=99 operative et al., 2009)
laparoscopic AG=66 pain Carbon dioxide arterial pressure Significant difference (118AA versus 118
abdominal surgery | GG=24 AG/GG genotypes)
Frequency of respiratory depression No difference
Time to awakening and extubation GG genotype < AA genotype
Al118G American patients | 101 Post- Intra-operative morphine and fentanyl | No difference (Janicki et
with acute and AA=T70 operative dose al., 2006)
chronic pain AG=30 pain Total post-operative dose of morphine | No difference
GG=1 Average post-operative pain score No difference
Al18G Han Chinese 165 Post- Incidence of nausea and vomiting No difference (W. Zhang
patients undergoing | AA=80 operative analgesia induces etal., 2011)
total abdominal AG=63 pain Post-operative VAS pain score GG genotype> AA and AG genotype
hysterectomy or GG=22
myomectomy
Al18G Chinese female 96 Post- Post-operative pain score GG genotypes> AA and AG genotypes (S. Zhang et
undergoing elective | AA=35 operative No difference al., 2013)
cesarean delivery AG=45 pain Incidence of nausea and vomiting
GG=16 induced analgesia GG genotypes >AA and AG genotypes

Total self-administered epidural
fentanyl
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Al118G Korean female 196 Post- VAS pain score No difference (Kimetal.,
undergoing total operative 2013)
abdominal pain Total fentanyl consumption No difference
hysterectomy or
laparoscopic
assisted vaginal
hysterectomy

Al18G Japanese patients 280 Post- 24-h post-operative fentanyl use No difference (Fukuda et
undergoing painful | AA=43 operative Peri-operative fentanyl use No difference al., 2009)
orofacial cosmetic | AG=19 pain Total per-operative analgesic use No difference
surgery GG=18 VAS pain score No difference

IVS3+A8449G AA=219 For IVS3+A8449G: AG and GG

AG=60 genotypes required significantly less
GG=1 Postoperative fentanyl than AA
genotypes

A304G (A118G) Mixed population 190 Labor pain | Duration of intrathecal labor analgesia | No difference (Wong et al.,
of females AA=144 Severity of nausea or pruritus , and No difference 2010)
undergoing AG=34 incidence of vomiting analgesia
primary cesarean GG=12
delivery

A304G Nulliparous female | 223 Labor pain | Intrathecal Fentanyl EDs 304G allele carriers < AA genotypes (Landau et

(Al118G) requesting AA=150 al., 2008)
neuraxial analgesia | AG=62
during delivery GG=11
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Table 11. Genotype distribution in our study sample

Genotype Frequency, n (%)
AA 20 (80)

AG 4 (15)

GG 1 (5)

Total 25
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Table 12. Minor allele frequency of OPRM1 A118G of different populations in
comparison to our study sample (Zahari Z, 2013)

Minor allele frequency

Our Study Caucasian American Chinese Japanese

0.120 0.151 0.158 0.396 0.449

70



Table 13. Labor study: subject and analgesia characteristics

AA Genotype
(N=20)

AG/GG Genotype P
(N=5)

BMI (kg/m?)

Gravida

Gestational age (weeks)
Maternal age (years)

Number of vaginal examinations

Cervical dilation at 1%t analgesic request
(cm)

Cervical dilation at 2"? analgesic request
(cm)
VAS at 1% analgesia request (cm)

Maximum Oxytocin (mU/min)

Neonatal weight (gram)

27.01 (26.33-29.59)
1(1-1)

10 (39-40)

29 (26.25-33)

2 (1-2)

3 (1.5-4)

4 (3-4.87)
6 (5-7)
13.66 (10-29)

3292.5 (2691.25-
3502.5)

29.47 (28.61-31.14) 0.112

2 (1-2.5) 0.129
39 (39-40.5) 0.921
27 (26-29) 0.243
1(1-2) 0.216
4 (3-5) 0.129
5 (4-8.25) 0.083
6 (6-8.5) 0.272
16 (4-33) 0.818

3260 (2880-3430)  0.717

Data are median (interquartile range) or percent of total.
P-values were obtained using Ficher’s exact for categorical variables and Mann-Whitney for

continuous variables.

71



Table 14. Labor study: maternal and infant outcomes

Group AA Group AG/GG P
(n=20) (n=5)
VAS 10 min after epidural fentanyl (cm) 2 (0-3) 2 (0-5) 0.621
VAS 20 min after epidural fentanyl (cm) 1 (0-2) 1(0-3.5) 0.767
VAS 30min after epidural fentanyl (cm) 0.50 (0-1.75) 1(0-2.5) 0.575
VAS at 2nd analgesia request (cm) 6 (5-7.75) 8 (6.5-9.5) 0.097
Method of delivery (%)
Spontaneous vaginal/Instrumental 80/0/20 80/20/0 0.215
vaginal/Cesarean section
Duration of fentanyl analgesia (min) 125 (90-176.25) 90 (66-137.5) 0.169
Time from first analgesia to complete 375 (232.5-568.5) 355 (147.5-555) 0.704
cervical dilation (min)
Time from first analgesia to delivery 490 (338.75-591.25) 504 (235-660.5) 0.869
(min)
Severity of pruritus
(none/mild/moderate/severe) (7/10/3/0) (3/2/0) 0.646
PCEA requests (n) 15 (7.75-40.50) 21 (7-50) 0.352
PCEA deliveries (n) 8.5 (4.25-12) 11 (4.5-11.5) 0.837
Total number of transfer doses of local 0.5 (0-1) 1(1-1) 0.097
anesthetics
Manual lidocaine (mg) 70 (0-160) 175 (40-200) 0.015
Total epidural infusion volume (mL) 78.65 (36.25-97) 87 (39-115.3) 0.818
Total fentanyl (ng) 174 (72.5-194) 174(78-230.6) 0.818
Apgar score (1 min) 9 (9-9) 9 (8.5-9) 0.821
Apgar score (5 min) 10 (9-10) 10 (9.5-10) 1.00
Satisfaction with analgesia(cm) 10 (7.25-10) 9 (5-10) 0.426

Data are median (interquartile range) or percent of total.

P-values were obtained using Ficher’s exact for categorical variables and Mann-Whitney for

continuous variables.
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Figurel. Schematic diagram of the gate control. Pain is transduced via small A delta and C
afferent nociceptive fibers to the dorsal horn cell in the spinal cord. The dorsal horn cell
acts as an area of central convergence for processing of pain. The afferent potential then
either participates in local spinal reflexes or is relayed centrally via the spinothalamic tract

(Rowlands & Permezel, 1998).
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Figure 2. Anatomy of spinal and epidural spaces (Braverman, 2011).
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Figure 3. Intracellular changes occurring following the binding of an opioid agonist to a G-
coupled opioid receptor (McDonald & Lambert, 2005).
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Figure 4. Chemical Structure of Fentanyl (Labroo, Paine, Thummel, & Kharasch, 1997b)
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Figure 5. Journey of fentanyl after reaching the circulation.
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Figure 6. Visual Analogue Scale (VAS) 10-cm (McCormack, Horne, & Sheather, 1988)
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Figure 7 . Graphs showing possible genotypes of A118G of OPRM1 gene according to binding

with the reporting channels.
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Figure 8.Kaplan-Meier survival curves of duration of epidural fentanyl analgesia. The
median duration of epidural fentanyl analgesia in the wild homozygous (AA) was 115 min
(95% CI 62.40-167.59) compared to 90 min in carriers of the mutant allele (AG & GG)
(95% CI 62.08-117.91) (P=0.077, log-rank test)
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Figure 9. Box-plots of manual lidocaine used during labor by genotypes. Median
presented as solid line, with box representing 25th and 75th and whiskers 10th and 90th
percentiles. There is a statistically significant difference between the two groups (P=0.015)
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Figure 10. Box-plots of total number of transfer doses of local anesthetics used during
labor by genotypes. Median presented as solid line, with box representing 25th and 75th
and whiskers 10th and 90th percentiles. There is a statistically significant difference
between the two groups (P=0.015)
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Figure 11. Box-plots of pain score at second analgesia request by genotypes. Median
presented as solid line, with box representing 25th and 75th and whiskers 10th and 90th
percentiles.
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