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Abstract

Morphine is an opioid analgesic indicated in the treatment of acute and chronic moderate to severe pain. From a pharmacodynamic standpoint,
morphine exerts its effects by agonizing mu-opioid receptors predominantly, resulting in analgesia and sedation. Pharmacokinetically, morphine is
primarily metabolized in the liver via glucuronidation by the enzyme uridine diphosphate glucuronosyltransferase family 2 member B7 and encounters
the transporter proteins organic cation transporter isoform 1 and P-glycoprotein (adenosine triphosphate–binding cassette subfamily B member 1)
as it is being distributed throughout the body. The genes coding for the proteins impacting either the pharmacokinetics or pharmacodynamics of
morphine may bear genetic variations, also known as polymorphisms, which may alter the function of the proteins in such a manner that an individual
may have disparate treatment outcomes. The purpose of this review is to highlight some of the genes coding for proteins that impact morphine
pharmacokinetics and pharmacodynamics and present some treatment considerations.
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Morphine is a nonsynthetic opioid agonist with a US
Food and Drug Administration indication for mod-
erate to severe acute and chronic pain.1,2 Morphine
exerts its action via activation of opioid receptors,
specifically delta-, mu-, and kappa-opioid receptors,
resulting in analgesia, anxiolysis, euphoria, sedation,
respiratory depression, and gastrointestinal smooth
muscle contraction.3,4 Of the 3 aforementioned opioid
receptors, morphine predominantly interacts with mu-
opioid receptors (MORs), which are distributed in sev-
eral locations throughout the central nervous system.3–5

Morphine serves as the prototypical opiate with
regard to analgesic and side effects for other opiate
derivatives.6 It is absorbed in the upper intestine
and the mucosa of the rectum, while it is eliminated
renally and via enterohepatic circulation, primarily
as morphine-3-glucuronide (M3G).3,4 Morphine
is available as branded and generic products in
multiple dosage forms and can be administered orally,
parenterally, epidurally, and rectally.1 Morphine
dosing is individualized on the basis of factors such
as the patient’s degree of opioid tolerance, general
condition, and medical status, as well as current
medications and the type and severity of pain.2 Due to
the abuse potential and risk of developing an addiction
disorder, morphine is a Schedule II narcotic under
the Controlled Substances Act of 1970.8 Common
adverse effects attributable tomorphine therapy include
respiratory depression, somnolence, constipation, and
nausea.1

Overview of Pharmacogenomics
and Morphine
Although clinical practice guidelines have been devel-
oped to standardize the treatment of pain,9 ≈10%
to 30% of patients are not able to reach their pain
management goals due to either inadequate analgesia
or untoward side effects.10 There are many potential
factors that can contribute to variable pain manage-
ment outcomes, such as age, sex, or differences in pain
perception and interindividual differences attributable
to genetic variations, also known as polymorphisms.
According to Angst et al,11 genetic effects are thought
to be responsible for ≈12% to 60% of response vari-
ability in opioid treatment. Genetic polymorphisms
may impact morphine pharmacokinetics (PK), which
refers to the absorption, distribution, metabolism, and
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Figure 1. Morphine metabolism.Morphine is predominantly metabolized via glucuronidation by the phase II enzyme UGT2B7 to the major metabolites
morphine-3-glucuronide (M3G) and morphine-6-glucuronide (M6G). Green indicates an active metabolite, and red indicates an inactive metabolite.
CYP3A4, cytochrome P450 3A4.

elimination of a drug from the body; or pharmacody-
namics (PD), which refers to the effect that the drug has
on the body. An example of a genetic polymorphism
impacting the PK of morphine would be a mutation
in a gene coding for an enzyme that metabolizes mor-
phine that results in a reduction in the rate at which
morphine is metabolized. As such, one would expect
serummorphine levels to be higher in a person with this
mutation when compared to a person without such a
mutation, and this may increase the risk of untoward
effects, such as respiratory depression.2 An example of
a genetic polymorphism impacting the PD of morphine
would be a mutation in the gene coding for the drug
receptor target for morphine that results in reduced
binding affinity. A person carrying this mutation may
experience inadequate pain relief compared to a person
carrying the normal receptor gene and may precipitate
the need for a higher morphine dose or additional anal-
gesics. Pharmacogenomics is the study of the impact
that genetic polymorphisms have on drug response, and
the use of clinical pharmacogenomics testing can help
to elucidate genetic polymorphisms that play a role in
the PK and PD for morphine.7

Genetic Polymorphisms Impacting
Morphine PK and PD
Morphine encounters several proteins in the body,
including uridine diphosphate glucuronosyltransferase
family 2 member B7 (UGT2B7), organic cation trans-
porter isoform 1 (OCT1), opioid receptor mu 1
(OPRM1), and P-glycoprotein (P-gp). We will discuss

some of the more frequently studied genetic polymor-
phisms impacting these proteins and their associated
functional characteristics.

Uridine Diphosphate
Glucuronosyltransferase Family 2
Member B7
UGT2B7 belongs to the uridine diphosphate
glucuronosyltransferase group of phase II metabolic
enzymes that are involved in the glucuronidation
of compounds such as steroid hormones, bile acids,
retinoids, and fatty acids.7,12 UGT2B7 is predominantly
expressed in the endoplasmic reticulum of hepatocytes
and is also found in the gastrointestinal tract, kidney,
pancreas, and brain.12 Figure 1 shows that UGT2B7
converts morphine to M3G (90%) and morphine-
6-glucuronide (M6G) (10%). Although M3G is the
major metabolite, it does not confer any analgesic
activity and cannot cross the blood-brain barrier
(BBB).2,3 However, M3G is bioactive and is associated
with neuroexcitatory effects, including allodynia,
myoclonus, and seizures. M6G is an active metabolite
and a potent analgesic that can cross the BBB and
enhance the effects of morphine.10

There has been conflicting evidence in the literature
regarding the functional characteristics of some
UGT2B7 gene polymorphisms. Some of the most
frequently studied UGT2B7 gene polymorphisms are
UGT2B7 802T>C (rs7439366) andUGT2B7 –900G>A
(rs7438135). TheUGT2B7 802T>C polymorphism has
been characterized in some studies as impacting
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interindividual variability in treatment outcomes.13,14

For example, one study concluded that carriers of the
UGT2B7 802T allele experienced a higher peak and
extended analgesia compared to subjects homozygous
for the UGT2B7 802C allele, indicating that the 802T
allele may result in reduced glucuronidation activity.15

However, other studies do not demonstrate an associ-
ation between the 802T allele and treatment outcome
variability.12,16,17 Similar to the UGT2B7 –900G>A
variant, there have been contradictory findings in the
literature, as one study concluded that the 900A allele
conferred greater activity over the wild-type 900G
allele,18 while another study did not find any significant
impact on morphine PK due to this variant.19 In addi-
tion to UGT2B7 polymorphisms impacting PK, some
studies have evaluated associations between UGT2B7
polymorphisms and disease risk20 or morphine adverse
effects.21 Further research onUGT2B7 polymorphisms
is needed to gain a better understanding of how to
predict the functional capabilities of this essential
morphine metabolic enzyme.

Organic Cation Transporter Isoform 1
OCT1 is an influx transporter encoded by the solute
carrier family 22 member 1 (SLC22A1) gene.22 OCT1
is located in several tissues, but is abundantly expressed
in the liver with much lower levels in other tissues,
including intestine and skeletal muscle.22 Morphine
is metabolized by UGT2B7, which is predominantly
located in the liver, and morphine is a high-affinity sub-
strate for OCT1, which is also predominantly located in
the liver. Therefore,SLC22A1 gene polymorphisms that
reduce the transporting capabilities of OCT1 would
also theoretically reduce the metabolism of morphine,
resulting in higher serum levels of morphine com-
pared to wild-type SLC22A1. Many of the most fre-
quently studied SLC22A1 gene polymorphisms confer
a loss of function to the OCT1 transporter, including
OCT1*2, OCT1*3, OCT1*4, OCT1*5, andOCT1*6.23

According to one study, carriers of the loss-of-function
OCT1 polymorphisms had significantly higher plasma
concentrations compared to the noncarriers.23 Fur-
thermore, compared to the carriers of 2 active OCT1
alleles, the area under the concentration-time curve of
morphine were 1.7-fold higher in the carriers of no
active OCT1 alleles and 1.5-fold higher in the carriers
of 1 active OCT1 allele.23 Among children, morphine
clearance was significantly lower in homozygote carri-
ers of loss-of-function OCT1 variants.24

Opioid Receptor Mu 1
TheOPRM1 gene encodes the MOR, which belongs to
the G-protein coupled receptor superfamily of trans-
membrane receptors.25 MOR is expressed throughout

the brain,25 including the ventral tegmental area, nu-
cleus accumbens, and the prefrontal cortex.25 MOR is
the primary site of action for endogenous and exoge-
nous opioid-mediated pharmacologic responses26 and
mediates the analgesia, tolerance, and reward effects
of opioids.27 Additionally, due to MOR expression in
the brain stem areas associated with respiration and on
enteric neurons, morphine can also induce respiratory
depression and inhibition of intestinal motility and
intestinal secretions.28

Exploring polymorphisms in the OPRM1 gene
would lend insight into how pharmacogenomics can
impact morphine PD. One of the most frequently stud-
ied polymorphisms is the OPRM1 118 A>G variant
(rs1799971), which has been shown to alter MOR
signaling and/or expression in the human brain.27 The
OPRM1 118A>Gpolymorphism is located in the+118
position in exon 1, which codes for the Asn40Asp
substitution.29 There have been discordant findings in
regard to the functional significance of the OPRM1
118A>G polymorphism in the scientific literature.

Some studies have shown that OPRM1 118G/G
homozygotes required a higher dose of morphine com-
pared to patients with the wild-type OPRM1 118A/A
homozygotes. Campa et al26 examined the impact of
OPRM1 polymorphisms on morphine pain relief in
a cohort of 145 Italian patients and revealed that
OPRM1 118A/A homozygotes were associated with
a significantly higher decrease in pain compared to
G/G homozygotes, and A/G heterozygotes showed no
significant difference compared to G/G homozygotes.
Furthermore, the study showed that patients sharing
at least one OPRM1 118G allele were the poorest
morphine responders and that OPRM1 118 A/A ho-
mozygotes were good responders to morphine.26 In
another study of 207 patients using morphine for
pain, seventy-eight 118A/A homozygotes, seventeen
118A/G heterozygotes, and four 118G/G heterozygotes
reported adequate pain control.30 The study concluded
that 118GG homozygotes needed more morphine than
118A/G heterozygotes and 118A/A homozygotes.30

Finally, a study of 147 Taiwanese patients receiv-
ing morphine after a surgical procedure determined
that 118G/G homozygotes consumed more morphine
than 118A/A homozygotes during the first 48 hours
postoperatively.31 Although the aforementioned studies
along with other studies currently present in the litera-
ture have demonstrated statistically significant findings
in regards to dosing differences based on OPRM1
gene polymorphisms, there are also studies that did
not demonstrate differences in morphine dosing based
on OPRM1 gene polymorphisms.32,33 However, con-
sidering OPRM1 polymorphisms in regards to mor-
phine treatment may be promising, as the existing data
demonstrate that OPRM1 is moderately actionable.34
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Further studies are needed with a larger sample size to
reach a consensus regarding the functional characteris-
tics of OPRM1 gene polymorphisms and their impact
on morphine PD.

Adenosine Triphosphate–Binding
Cassette Subfamily B Member 1
P-gp is a member of the superfamily of adenosine
triphosphate (ATP)-binding cassette transporters and
is an ATP-dependent drug efflux pump for xenobiotic
compounds with broad substrate specificity.35 P-gp
is encoded by the ATP-binding cassette subfamily B
member 1 (ABCB1) gene and is endogenously expressed
at the BBB19 and in the plasma membranes of cells in
the small intestine, liver, and kidneys.36 As such, P-gp
can impact the PK of morphine, particularly regard-
ing drug absorption from the intestines and first-pass
metabolism by the liver. P-gp is a polymorphic protein
with ≈1279 single-nucleotide polymorphisms (SNPs)
in the ABCB1 gene region, of which 62 SNPs have
been identified in the coding region of ABCB1 as of
April 30, 2009.37 The 3 most frequently studiedABCB1
SNPs in the coding region are rs1045642, rs1128503,
and rs2032582. These 3 polymorphisms exhibit higher
frequencies in White and Asian populations and lower
frequencies in African populations.38

The rs1045642 variant corresponds to the ABCB1
C3435T polymorphism. In one study, it was shown that
rs1045642 strongly and independently affects morphine
responsiveness and that patients homozygous for the
ABCB1 3435T allele and the OPRM1 118A allele were
the best responders to morphine.26 However, another
study showed that patients managed on morphine for
pain associated with undergoing a cesarean section that
were homozygous for the ABCB1 3435T allele trended
toward a higher risk of developing persistent postoper-
ative pain compared to the CT and CC genotypes.39

The rs1128503 variant corresponds to the ABCB1
C1236T polymorphism. A meta-analysis exploring the
impact of the rs1128503 variant on chemotherapy
determined that patients with the CT and TT genotypes
had a better response to chemotherapy than patients
with wild-type CC homozygotes.38 The results from
the meta-analysis may be potentially applicable to the
impact of the rs1128503 variant on morphine PK. Fur-
thermore, one study concluded that ABCB1 1236TT
genotype had a significantly lower frequency of fatigue
compared to the ABCB1 1236 CC homozygotes.40

The rs2032582 variant corresponds to the ABCB1
G2677T/A polymorphism. One study showed that the
rs2032582 variant had a strong association with cen-
tral side effects on morphine therapy.41 Another study
showed that the ABCB1 2677TT homozygotes had
a significantly lower frequency of fatigue while on

morphine therapy compared to the wild-type ABCB1
2677 GG homozygotes.40 Furthermore, there was a
higher frequency of vomiting (grades 1-3) in carriers of
at least 1 ABCB1 2677G allele than in other patients.40

Despite the significant amount of literature available
in regard to the 3 aforementioned SNPs, there has
not been a consensus in regards to their phenotypic
presentations.10,37,42

Other Genes of Interest That May
Impact Morphine Pharmacogenetics
In addition toUGT2B7, OCT1, OPRM1, and ABCB1,
there are other genes of interest cited in the liter-
ature that may impact morphine pharmacogenetics.
The genes encoding for catechol-O-methyltransferase
(COMT) and beta-arrestin 2 (ARRB2) may be helpful
in understanding morphine pharmacogenetics.

The ARRB2 protein is a MOR-interacting pro-
tein that is involved with MOR signal transduction
and regulation.43 ARRB2 is expressed at high levels
in the central nervous system and is thought to be
involved with agonist-mediated desensitization of G-
protein coupled receptors and cause specific dampening
of cellular responses to stimuli,44 such as the opioid
agonist activity of morphine on the MOR. There are
2 studies in the literature that explored the impact of
ARRB2 on morphine PK, but there were no significant
findings in either study.43,45

COMT is an enzyme that catalyzes the break-
down of the catechol group on molecules, such as
dopamine, norepinephrine, and epinephrine and has
shown an associationwith pain sensitivity and analgesic
response.46The Val158Met substitution is the most
studied polymorphism and is associated with a 3- to
4-fold decrease in catalytic activity.46,47 Therefore, the
Val/Val genotype is associated with higher COMT
activity than the Val/Met and Met/Met genotypes.
Some studies have shown that patients expressing the
Met/Met variant required less morphine to achieve
analgesia,46,47,48 while another study showed that the
Val/Met, but not theMet/Met genotype, was associated
with reduced consumption of opioids for analgesia.49

Conclusion
The genes UGT2B7, OCT1, OPRM1, and ABCB1
show significant promise in predicting treatment
responses for morphine therapy. The minimally
effective analgesic concentration required for morphine
analgesia varies from 6.3 to 53.6 ng/mL, suggesting
a nearly 10-fold difference in morphine sensitivity
among individuals.50–51 Determining morphine dosing
via empirical methods can lead to delayed analgesia
in some patients and potential overdose in others.52

Pharmacogenomics can help explain differences in
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morphine sensitivity that may have otherwise been mis-
construed as medication nonadherence, unexplained
adverse effects, or drug-seeking behavior. For example,
as previously evidenced in Campa et al, patients who
were simultaneously ABCB1 T/T and OPRM1 A/A
homozygotes were the best responders to morphine
therapy and patients with at least one OPRM1G allele
were among the worst responders.26 The patients with
at least 1OPRM1Gallele may report to their clinicians
that they are experiencing persistent pain and may
request an increase in morphine dose or additional pain
medicine. Without knowing their pharmacogenomic
profile, the clinicians may mistakenly conclude that
these patients are exhibiting drug-seeking behavior, as
they were dosed similarly to the other patients in the
cohort.

There are multiple barriers that challenge the clinical
use of these genes in pharmacogenomic testing algo-
rithms, and in a larger sense, the clinical implemen-
tation of pharmacogenomics testing with surrounding
morphine therapy. First, in the case of all 4 of these
genes, there is not a unanimous consensus regarding
the phenotypic characterization for most of the alleles.
This challenges the translation of real-world evidence
for these genes into clinical decision support tools for
health care practitioners seeking to use pharmacoge-
nomics at the bedside. Second, there are other genes
of interest that require further interrogation to fully
understand morphine pharmacogenomics, and there
needs to be a greater understanding of the interplay
between genetic polymorphisms at different genes. For
example, as P-gp is located on the liver and UGT2B7
is located inside the liver, there may be a unique
impact on morphine therapy if a patient presents with
an overactive P-gp mutation and a reduced-function
UGT2B7 allele. Finally, there needs to be further inter-
rogation of genetic targets of interest across different
populations to understand differences in genotypic
distribution and to identify novel polymorphisms. For
example, a Brazilian cohort exhibited differences in the
allelic frequency of ABCB1 3435T, where American
Indians had an allelic frequency of 51.4% and people
of African descent had an allelic frequency of 32.8%.53

Furthermore, the CYP2C19*3 allele was not present in
this cohort,53 as CYP2C19*3 is more commonly found
among Oceanian (14.64%) and East Asian (7.25%)
populations.54 Addressing this barrier will help improve
the representation of ethnically diverse populations
in pharmacogenomic testing algorithms and improve
their generalizability. Further research is needed to
generate more real-world evidence supporting the use
of pharmacogenomics in morphine therapy and de-
velop clinical decision-making tools to translate re-
search findings into tangible improvements in treatment
outcomes.
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