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Abstract

We investigated the impact of genetic variants in OCT1 (SLC22A1) on mor-

phine, morphine-3-glucuronide (M3G) and morphine-6-glucuronide (M6G)

pharmacokinetics in adult patients scheduled for major surgery. Blood samples

were taken before and 5, 10, 15, 30, 45, 60 and 90 min after a bolus of

morphine (0.15 mg/kg). Patients were genotyped for the genetic variants

(rs12208357, rs34059508, rs72552763 and rs34130495) in OCT1.

Eighty-six patients completed the trial. The mean difference (95% confidence

interval) for dose adjusted morphine, M3G and M6G AUC was 0.9 (�0.7–2.4),
�5.9 (�11.8 to �0.03) and �1.1 (�2.5–0.4) h/L*10�6, respectively, in patients

with two reduced function alleles compared to patients with no reduced func-

tion alleles in OCT1. Accordingly, the (AUCM3G/Dose)/(AUCmorphine/Dose) and

(AUCM6G/Dose)/(AUCmorphine/Dose) ratio was reduced, �1.8 (�3.2 to �0.4) and

�0.4 (�0.7 to �0.03), respectively, when comparing the same groups. OCT1

variants had no influence on the experience of pain, adverse events or the

number of PCA doses used. In conclusion, genetic variants in OCT1 had a

small and clinically unimportant impact on the exposure of morphine after

intravenous administration. Our results do not support pre-emptive
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genotyping for OCT1 prior to morphine administration in patients scheduled

for major surgery.
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1 | INTRODUCTION

Morphine is the most widely prescribed opioid to treat
severe acute and chronic pain.1 It is well known that
patients show substantial interindividual variability in
the response and therefore also in the required dose of
morphine.1 A multitude of factors such as sex and organ
function may explain some of the variability; however,
genetic variants in enzymes and transporters that affect
morphine pharmacokinetics may also contribute.2

Following an intravenous (i.v.) bolus, morphine is
rapidly distributed to highly perfused organs such as
the liver and kidneys.1 The OCT1 transporter (encoded
by SLC22A1), which is expressed in the basolateral
membrane of hepatocytes,3 facilitates >65% of the
hepatic uptake of morphine following clinically rele-
vant doses of the drug.4 OCT1 is highly polymorphic,
and four common genetic variants in the gene
(rs12208357, rs34059508, rs72552763 and rs34130495)
that results in reduced cellular uptake of morphine
have been found in Caucasians.4,5 About 10% of Cau-
casians carry two reduced function (rf) OCT1 alleles,6

which might impact the pharmacokinetics of morphine
and its metabolites, potentially with clinical implica-
tions. It was recently demonstrated that the hepatic
uptake of the active metabolite of another opioid,
tramadol, O-desmethyltramadol, which is transported
by OCT1 is decreased in patients and infants with two
rf alleles compared with those carrying one or none rf
alleles.7,8 Patients with two rf alleles also showed
reduced post-operative tramadol consumption com-
pared to those carrying one or none rf alleles.8

Whether the same reduction in opioid use is true for
morphine is not known and the impact of genetic vari-
ants in OCT1 on the pharmacokinetics of morphine is
inconsistent across studies. Both in vitro and clinical
studies have reported an impact of OCT1 polymor-
phism on the pharmacokinetics of morphine,4,9–11

though data are not consistent.12,13

Morphine undergoes extensive hepatic metabolism.
The major metabolic pathway is glucuronidation that is
predominantly catalysed by uridine 50-diphospho-
glucuronosyltransferase 2B7 (UGT2B7) into the inactive
morphine-3-glucuronide (M3G) (55%) and the analgesic
active morphine-6-glucuronide (M6G) (15%).1,14 Both

morphine and M6G crosses the blood–brain barrier
where they exert their effect primarily on the μ-opioid
receptor.15 Approximately 10% of the morphine dose is
excreted unchanged in the urine.15,16

The main purpose of the present study was to evalu-
ate the impact of OCT1 genotypes on morphine, M6G
and M3G exposure by comparing diplotypes (none, one,
or two rf alleles) in adult patients undergoing major sur-
gery. We hypothesized that in individuals with two rf
OCT1 alleles, morphine transport will be slower,
resulting in higher systemic exposure. We exploratively
studied the potential effect on pain-free period after
major surgery.

2 | METHODS

2.1 | Study participants

Patients planned for elective laparoscopic colon or rec-
tum resection surgery at Odense University Hospital or
the Hospital Southwest Jutland in Esbjerg were eligi-
ble. Inclusion criteria were American Society of Anes-
thesiology classification, (ASA) I–III,17 body mass
index (BMI) below 35 kg/m2 age 18–90 years and Cau-
casian descent. Exclusion criteria were regional anaes-
thesia during surgery or for post-operative pain
management, intake of opioids on a regular basis, alco-
holism, contraindication to the use of morphine, other
serious conditions (terminal cancer, severe heart, lung
or liver disease, renal failure, severe dementia or men-
tal illness), pregnant or breastfeeding women and
women in the childbearing age not using safe contra-
ceptives. Written informed consent was obtained from
patients meeting the inclusion criteria who wished to
participate.

2.2 | Study design

This was an open-label study. All participants were
planned to receive standard perioperative care with a
standard anaesthetic at the discretion of the anaesthesiol-
ogist in charge. Briefly, patients fasted minimum 6 h
before surgery. In the morning of the surgery, patients
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received their daily medication with few possible excep-
tions such as oral anticoagulants and angiotensin-
converting enzyme (ACE) inhibitors. Anaesthesia was
induced with i.v. injections of propofol (2–2.5 mg/kg),
sufentanil (�0.25 μg/kg) and rocuronium (0.6–1 mg/kg).
The anaesthesia was maintained with desflurane (mini-
mum alveolar concentration [MAC] 0.8–1.3) and refrac-
tory doses of sufentanil and rocuronium, guided by
neuromuscular block monitoring. Under normal circum-
stances, patients would receive the anti-emetic drug
ondansetron. Since this drug is known to inhibit the
OCT1 transporter,18,19 dexamethasone was used instead
as this is not expected to inhibit the transporter.

Approximately 30 min before termination of surgery,
patients received the interventional single dose of i.v.
morphine hydrochloride (HCl) 0.15 mg/kg (0.13 mg/kg
free base). An arterial catheter was placed, and blood
sampling for pharmacokinetic analyses was performed
before and 5, 10, 15, 30, 45, 60 and 90 min after drug
administration.

2.3 | Post-operative analgetic treatment

The analgesic regimen in the recovery ward consisted of
acetaminophen 1000 mg � 4/day and subsequent
patient-controlled analgesia (PCA) until 24 h after the
first morphine bolus (the end of the study period). The
PCA device was set to a bolus dose of i.v. morphine
0.04 mg/kg and a lockout time of 8 min. Patients under-
going surgery would normally receive morphine as part
of the analgesic regimen, however, not as PCA. The
patients rated their pain at rest and during activation at
arrival at the recovery ward, 60 min, 90 min and 4, 8,
12 and 24 h after the first morphine bolus. Pain was rated
on a 10-point numerical rating scale (NRS) on which
0 represents no pain at all and 10 represents the most
pain imaginable. Additionally, the patients rated the
severity of itching and nausea on a 4-point NRS at 4, 8,
12 and 24 h after the first morphine bolus. In case of
patients’ wish for rescue medication, the normal proce-
dure for pain treatment in the department was followed.
Patient records were investigated 24 h after the first mor-
phine bolus in order to detect any adverse reactions
described by the ward physician but not picked up by the
questionnaire or use of other pain medication than the
PCA pump and acetaminophen.

2.4 | Study procedures

The study was approved by the Danish Medicines
Agency (EudraCT nr.: 2017-004946-25), OPEN at the

University of Southern Denmark (no: OP_510) and
approved by the Regional Committees on Health
Research Ethics for Southern Denmark (J. no: S-
20170221) and the Danish Data Protection Agency
(J. no. 2012-58-0018). The trial was registered at www.
clinicaltrials.gov (NCT03425084). The study was con-
ducted in accordance with the Helsinki Declaration
and Good Clinical Practice, and monitored by the
Good Clinical Practice unit, Odense University Hospi-
tal, Odense, Denmark. Further, the study was con-
ducted in accordance with the Basic & Clinical
Pharmacology & Toxicology policy for experimental and
clinical studies.20

2.5 | Analytical methods

The plasma concentration of morphine, M3G and M6G
were determined at the Department of Public Health,
Clinical Pharmacology, Pharmacy and Environmental
Medicine, University of Southern Denmark, using iso-
tope dilution and liquid chromatography and tandem
mass spectrometry (LC-MS/MS). The method has pre-
viously been described in detail.21 Briefly, blood sam-
ples were collected in BD Vacutainers blood collection
tubes with EDTA as anticoagulant (BD, Franklin
Lakes, NJ, USA). Blood was centrifuged at 3000 � g
for 10 min, and plasma was stored at �20�C until
drug analysis. The within-batch precision (CV%) was
� < 8% for morphine and M6G and � < 6.5% for
M3G. The between-batch precision (CV%) was � < 9%
for M6G, � < 4% for M3G and � < 11% for morphine.
The lower limit of quantification was 0.2 ng/ml for
morphine, M3G and M6G.

2.6 | Genotyping

Genomic DNA was extracted from an aliquot of venous
blood using the Maxwell 16 Blood DNA Purification Kit
(Promega Corporation, Madison, WI, USA). Selected sin-
gle nucleotide polymorphisms (SNPs) in OCT1
(rs12208357; rs34059508; rs72552763; rs34130495) were
genotyped as previously described.22 Briefly, rs72552763
(M420del) and rs34130495 (G401S) were genotyped by
Sanger sequencing. The rs12208357 (R61C) and
rs34059508 (G465R) were genotyped using predesigned
TaqMan SNP genotyping assays on a StepOne Plus real-
time instrument (Applied Biosystems, Thermo Fisher
Scientific, Foster City, CA, USA) according to the manu-
facturer’s protocol. Assay numbers and sequence of
primer and probes used for genotyping are summarized
in Table S1.
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2.7 | Statistical analysis and
considerations

Data distribution of all investigated parameters was eval-
uated using QQ plots. The descriptive and pharmacody-
namic data are presented as medians with 25th and 75th
percentile range (IQR). Patients missing more than one
out of four answers on the drug adverse events
questionnaire and two out of seven answers on the pain
questionnaire were excluded from the statistical analysis
post hoc. Patients who used other pain medication than
acetaminophen and/or PCA were excluded from statisti-
cal analysis concerning pain scores: NRS area under the
curve (AUC0-24h), adverse-effect scores NRS AUC4-24h

and number of PCA uses. If patients had used the other
pain medication before the first PCA dose, they were also
excluded from the statistical analyses concerning the
time after surgery to first PCA dose. Multiple linear
regression adjusted for sex, BMI, total morphine use
(mg) and age was used to investigate OCT1 diplotypes
impact (wt/wt vs. wt/rf vs. rf/rf and rf/rf vs. [wt/rf + wt/
wt]) on pain scores AUC0-24h and adverse-effect scores
AUC4-24h. T0 is equal to the arrival at the recovery ward
as this equals the first time the patients are asked to eval-
uate their pain score. Multiple linear regression adjusted
for age, sex, and BMI was also used to investigate the
impact of OCT1 diplotypes on the time that passed after
surgery to first PCA, the total number of PCA uses and
PCA uses in each time interval. Before statistical analysis,
visually guided by QQ plots, the time that passed after
surgery to first PCA dose was logarithm-transformed to
approximate a Gaussian distribution. Wilcoxon rank-sum
test was used to evaluate the number of PCA uses among
men and women.

The AUC of morphine, M3G and M6G were nor-
malized by the size of the first bolus dose of morphine
hydrochloride as it differed among patients. Pharmaco-
kinetic data are presented as means with standard
deviation. The mean difference between diplotypes
with a 95% confidence interval was calculated using a
non-paired t-test. All statistical analyses were per-
formed using Stata Statistical Software: Release
16 (StataCorp LP, College Station, TX, USA).

2.8 | Pharmacokinetics

All pharmacokinetic parameters were calculated by non-
compartmental methods using the software package
‘NCAPPC’ in R, Version 3.6.3. The area under the
plasma concentration–time curves of morphine, M6G
and M3G were calculated using the linear-up log-down
trapezoidal method. The actual blood collection times

were used for determination of all morphine, M6G and
M3G parameters.

2.9 | Diplotype inference

The diplotypes of the four loss-of-function alleles in
OCT1 were inferred using the software package PHASE,
Version 2.1.1 (University of Washington, Seattle, WA,
USA) by Stephens et al.23 The program was run multiple
times with random seeds in order to evaluate the robust-
ness of the inferred haplotypes.

2.10 | Sample size

We conservatively assumed that the expected difference
in AUC (or clearance) of morphine is between 20% and
50%4,9 and that the coefficient of variation is about
40%.4,8 Assuming a wt/wt and wt/rf (or rf/rf) distribution
of 50% among included patients, a true 25% difference in
AUC can be detected with inclusion of 90 patients while
allowing for a 10% patient dropout, with a power of 80%
and a significance level of 0.05.

3 | RESULTS

In total, 98 patients consented to participate; however,
due to consent withdrawal, use of other pain medication,
technical issues with devices and blood sampling and
missing questionnaire answers, a reduced number of
patients were eligible for the different analyses. For each
analysis, we used the largest possible number of eligible
patients as presented in the flow chart (Figure 1). Demo-
graphics of the included patients can be found in Table 1.

The distribution of haplotypes s in OCT1, [c.181
(C > T) rs12208357; c.1201 (G > A) rs34130495; c.1260
(GAT > del) rs72552763; c.1393 (G > A) rs34059508] is
listed in Table S2, and the distribution of diplotypes are
presented in Table 2. The impact of diplotypes (wt/wt
vs. wt/rf and wt/wt vs. rf/rf) on the pharmacokinetics of
morphine, M3G and M6G is listed in Table 3 and in
Figure 2, while the impact of having none or one rf allele
compared to two rf alleles ([wt/wt + wt/v] vs. v/v) on
morphine pharmacokinetics is presented in Table S3.

There was a trend towards an increase in the mean
AUCmorphine(0–1.5h) / Dose in patients carrying rf alleles
in OCT1 with a concomitant drop in AUCM3G(0–1.5h)
/Dose and AUCM6G(0–1.5h)/Dose (Table 3). The
AUCmorphine(0–1.5h)/Dose was �20% higher in patients
carrying two rf alleles compared to those carrying none.
The confidence interval limits just barely included zero
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in this parameter with a central tendency suggesting an
increase (p = 0.3). The decrease in AUCM3G(0–1.5h)/Dose
and AUCM6G(0–1.5h)/Dose was �20% and 15%, respec-
tively. The confidence limits did not include the null in
AUCM3G(0–1.5h)/Dose parameter and just barely included
null for AUCM6G/Dose with a central tendency
suggesting a reduction (p = 0.05 and 0.2, respectively).
These results were consistent when comparing patients
carrying two rf alleles with those carrying one or none
([wt/wt] + wt/rf vs. rf/rf) (Table S3).

The mean (AUCM3G/Dose)/(AUCmorphine/Dose) and
(AUCM6G/Dose)/(AUCmorphine/Dose) ratio was

significantly decreased in patients with two rf alleles
compared with patients carrying none rf alleles (rf/rf
vs. wt/wt) (Table 3) and the same applied for (AUCM3G

/Dose)/(AUCmorphine/Dose) when comparing patients
with one or none rf alleles with those carrying two rf
alleles ([wt/wt + wt/rf] vs. rf/rf) (Table S3).

None of the patients experienced any serious adverse
events. The total morphine consumption was associated
with pain scores during rest and movement (p < 0.01) as
well as the adverse event itching (p = 0.003) but not nau-
sea (p = 0.4). The OCT1 diplotypes did not affect NRS
AUCmovement0–24h, AUCrest0–24h, AUCnausea4–24h or
AUCitch4–24h (p > 0.05). The same applied when investi-
gating patients with a fully answered questionnaire (not
missing a single answer) (p > 0.05) and patients with one
or none rf alleles with those carrying two rf alleles
(p > 0.05). For further details, see Table S4.

The patients’ sex and BMI were associated with the
number of PCA doses (p = 0.001 and p = 0.04, respec-
tively). Males used more PCA doses 11 (5–16) (25th–75th
interquartile range) than females 7 (4–9) (p = 0.02). The
OCT1 diplotypes did not have a statistically significant
impact on the total number of PCA doses (respectively,

F I GURE 1 Overview of the number of patients included in each statistical analysis

TAB L E 1 Demographic information

Demographic
information Median

25th–75th
percentile

Age (years) 70 64–75

Weight (kg) 78 64–92

Height (m) 1.70 1.70–1.80

BMI (kg/m2) 25 23–29

Note: Sex: female 34, male 52.
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wt/wt, wt/rf, rf/rf; 8.5 [3.0–12.0], 7 [4–12] and 12 [9–18])
or the number of PCA doses in the four time intervals
(p > 0.05) (Figure 3). Accordingly, there was no statistical
difference in the total number of PCA doses or the num-
ber of PCA doses used in each time interval when com-
paring patients with one or none rf alleles with those
carrying two rf alleles (p > 0.05).

The OCT1 diplotype did not affect the time interval
that passed after surgery to first PCA bolus (respec-
tively, wt/wt, wt/rf, rf/rf; 3 h [2–4 h], 2 h [1–3 h] and
2 h [1–2 h]) (p > 0.05). The same applied when com-
paring patients carrying one or none rf alleles with
those carrying two rf alleles (wt/wt + wt/rf vs rf/rf)
(p = 0.4).

TAB L E 2 The distribution of OCT1 genotypes in 86 patients

Haplotypesa C.181C > T c. 1201G > A c.1260GAT > del c.1393G > A

H1 C G GAT G

H2 C G del G

H3 C G del A

H4 C A GAT G

H5 T G GAT G

Diplotypes for RF in OCT1b n Diplotypes

H1/H1 35 WT/WT [n = 35 (41%)]

H1/H2 17

H1/H3 7

H1/H4 8 WT/RF [n = 43 (50%)]

H1/H5 11

H2/H3 1

H2/H4 2

H2/H5 1 RF/RF [n = 8 (9%)]

H3/H3 1

H3/H5 1

H4/H5 2

Note: The minor alleles are shown in grey

Abbreviations: Del, deletion; n, number of patients/diplotypes, WT, wild type, the haplotype with only active alleles.
aHaplotypes for RF OCT1 (the haplotypes consist of rs12208357, rs34059508, rs72552763, rs34130495).
bDiplotypes for reduced function (RF) OCT1.

TAB L E 3 Impact of OCT1 reduced function diplotypes on morphine pharmacokinetics

wt/wt N = 32
mean (SD)

wt/rf N = 42
mean (SD)

Mean difference
(95% CI) wt/wt vs. wt/rf

rf/rf N = 7
mean (SD)

Mean difference
(95% CI) wt/wt vs. rf/rf

AUCmorphine(0–1.5h)

/Dose (h/L*10–6)
5.3 (1.7) 5.5 (2.0) 0.2 (�0.7–1.1) 6.2 (2.5) 0.9 (�0.7–2.4)

AUCM3G(0–1.5h)/
Dose (h/L*10–6)

28.4 (7.1) 28.3 (7.5) �0.1 (�3.6–3.3) 22.5 (6.2) �5.9 (�11.8 - -0.03)

AUCM6G(0–1.5h)/
Dose (h/L*10–6)

7.0 (1.7) 6.7 (1.8) �0.2 (�1.1–0.6) 5.9 (1.8) �1.1 (�2.5–0.4)

(AUCM3G/Dose)/
(AUCmorphine/Dose)

5.7 (1.8) 5.5 (1.6) �0.2 (�1.0–0.6) 3.9 (1.0) �1.8 (�3.2 - -0.4)

(AUCM6G/Dose)/
(AUCmorphine/Dose)

1.4 (0.4) 1.3 (0.4) �0.1 (�0.3–0.1) 1.0 (0.3) �0.4 (�0.7 - -0.03)

Notes: Impact of OCT1 reduced function diplotypes (rf) diplotypes on morphine and metabolites AUC adjusted for full dose and metabolite/parent drug ratio
adjusted for full dose. Data are presented as means with standard deviations and the difference as means with a 95% confidence interval.

Abbreviations: RF, reduced function; WT; wild type.
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4 | DISCUSSION

This is the largest pharmacokinetic study investigating
the impact of genetic variants in OCT1 on the pharmaco-
kinetics of morphine in adult patients. The study demon-
strates that common genetic variants in OCT1 have a
small impact on the exposure of morphine and its pri-
mary metabolites following i.v. administration.

In vitro studies have presented strong evidence that rf
alleles in the OCT1 results in reduced cellular uptake of
morphine.4 In accordance, the exposure of morphine
increases by almost 50% in healthy volunteers carrying
two rf alleles compared to those carrying one or two
active alleles in OCT1 following intake of the prodrug

codeine.4 In that study, the increase in morphine expo-
sure was greater than what we observed; however, the
number of included individuals was only 25, that is, con-
siderably less than in our study and only two individuals
carried two rf alleles in OCT1. We used i.v. morphine in
our trial, and whether the administration of the active
drug instead of a prodrug could impact the importance of
genetic variants on the exposure of morphine is not
known but seems unlikely. Reduced function in OCT1
has not been demonstrated to affect the pharmacokinet-
ics of morphine, M3G and M6G following an oral admin-
istration.12,13 This could possibly be due to masked
effects of the genotype by interindividual variance in the
bioavailability of the drug. Genetic variants in OCT1 have

F I GURE 2 The median unadjusted plasma

concentration of morphine, M3G and M6G in

81 patients

F I GURE 3 The median (25th–75th IQR)

number of PCA doses used for each genotype in

different time intervals. The whiskers represents

the third quartile + (1.5*IQR) and the first

quartile � (1.5*IQR). Dots beyond this are

presented as outliers
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been reported to reduce the clearance of morphine in
220 children following i.v. morphine,10 while no effect
was detected on the total clearance of morphine or the
morphine metabolic clearances to M3G and M6G in adult
cancer patients following subcutaneous injection.13

Our results indicate that genetic variants in OCT1
have a small effect on the pharmacokinetics of morphine,
M3G and M6G (�15%–20% change in AUC). While not
excluding a null finding for morphine and M6G, the 95%
confidence interval just barely including zero, indicating
that it is more likely that there is a true difference
between the groups than that there is no difference. We
hypothesize that the increase in morphine exposure with
concomitant lower exposure of plasma M3G and M6G in
patients carrying two rf alleles is a result of slower uptake
of morphine into the liver. Minor changes in the plasma
concentration of morphine may have an impact on the
effect and risk of adverse events as placebo-controlled tri-
als have reported an increased risk of adverse events in
CYP2D6 normal but not in poor metabolizers after
codeine intake, due to higher plasma levels of mor-
phine.24 High age and female sex are known risk factors
for experiencing morphine-related adverse events,25 and
the impact of genetic variants in OCT1 on the risk of
adverse events might be greater in these patients.

A limitation in this study is the relatively short time
interval where blood samples were taken. Hence, mor-
phine’s AUC was not extrapolated to infinity as the
median percentage of extrapolated AUC was 26% range
(9–67). The fact that blood samples were only collected
for 90 min after drug administration may exclude some
important information about morphine elimination. A
longer blood sample interval would not be possible as
patients are in pain after the surgery and require mor-
phine. This is also why five patients only had blood sam-
ples taken until 60 min after morphine injection.
Theoretically, we could have given another pain rescue
medication that did not interfere with the OCT1 trans-
porter and extended the blood sampling time. That
would, however, result in us being unable to compare
pain and adverse events scores and the number of PCA
doses of morphine used. Another limitation is that we
did not have any information on the patients’ daily medi-
cation. Hence, we cannot rule out drug–drug interactions
at transporters responsible for morphine disposition
which theoretically could have an impact on morphine
pharmacokinetics and therefore affect our results. Fur-
thermore, the surgical staff estimated when there was
half an hour left of the surgery. In some cases, this esti-
mation turned out to be wrong meaning that some
patients had received sufentanil after the first morphine
bolus which theoretically could have an impact on pain
scores in the first hours after surgery. The impact is,

however, expected to be low as sufentanil only provides
sufficient analgesia for a short period of time.

In contrast to a previous study demonstrating that
patients with rf alleles used less tramadol,8 we saw no
such associations with the number of morphine PCA
doses in this study (p > 0.05) (Figure 2). Males used a
higher number of PCA doses than females (p = 0.03). In
accordance, a systemic review and meta-analysis based
on human experimental and clinical studies have previ-
ously concluded that women are more sensitive to
morphine,26 although this is not univocal as other studies
cannot demonstrate a difference in morphine pharmaco-
dynamics between sexes.27,28 Pain is an individual and
unpleasant experience that apart from biological factors
can be influenced by physiological and social factors.29

Genetic variants in transporters of antinociceptive drugs
may therefore only contribute to the interindividual expe-
rience of pain following major surgery. It is important to
recognize that this study cannot rule out a contribution
of genetic variants on the experience of pain, adverse
events or the total use of PCA doses as the study was not
powered to detect pharmacodynamic changes and several
patients did use other pain medication than acetamino-
phen or PCA and had to be excluded from the statistical
analysis.

As expected, there were no difference in the experi-
ence of adverse events between the genetic variants
(p > 0.05) as patients self-medicated through PCA and
could therefore control the amount of morphine entering
the body.

5 | CONCLUSION

Genetic variants in OCT1 seem to have a small impact on
the exposure of morphine, M3G and M6G following an
i.v. bolus of morphine. Patients carrying two loss-of-func-
tion alleles in OCT1 had a �20% increase in dose-
adjusted morphine AUC with a concomitant �20%
decrease in dose-adjusted M3G and M6G AUC compared
to patients carrying no loss-of-function alleles. Further-
more, a decrease in dose-adjusted metabolite/parent drug
ratio for both M3G and M6G was observed in patients
carrying two loss-of-function alleles. This impact is
unlikely to be of clinical importance. OCT1 variants had
no influence on the experience of pain, adverse events or
the number of PCA doses used. Our findings do not sup-
port pre-emptive genotyping for OCT1 before morphine
treatment.

ACKNOWLEDGEMENTS
The authors would like to acknowledge medical student
Amanda Nyrup for help with data collection and Søren

100 KUHLMANN ET AL.



Feddersen, Birgitte Damby and Jan Beyer for excellent
analytical work. This study was supported by the Inde-
pendent Research Fund Denmark (formerly Danish
Council for Independent Research) (grant number
7016-00052B), the Faculty of Health Science, University
of Southern Denmark, and the Region of Southern
Denmark.

CONFLICT OF INTEREST
The authors declare no conflict of interest associated with
this manuscript.

ORCID
Ida Kuhlmann https://orcid.org/0000-0003-1727-1264
Tore Bjerregaard Stage https://orcid.org/0000-0002-
4698-4389
Troels K. Bergmann https://orcid.org/0000-0001-8313-
0721
Per Damkier https://orcid.org/0000-0003-0591-7187
Kim Brøsen https://orcid.org/0000-0001-8444-7835

REFERENCES
1. Sverrisd�ottir E, Lund TM, Olesen AE, Drewes AM,

Christrup LL, Kreilgaard M. A review of morphine and mor-
phine-6-glucuronide’s pharmacokinetic–pharmacodynamic
relationships in experimental and clinical pain. Eur J Pharm
Sci. 2015;74:45-62. https://doi.org/10.1016/j.ejps.2015.03.020

2. Somogyi AA, Coller JK, Barratt DT. Pharmacogenetics of opi-
oid response. Clin Pharmacol Ther. 2015;97(2):125-127.
https://doi.org/10.1002/cpt.23

3. Koepsell H. Organic Cation Transporters in Health and Dis-
ease. Pharmacol Rev. 2020;72(1):253-319. https://doi.org/10.
1124/pr.118.015578

4. Tzvetkov MV, dos Santos Pereira JN, Meineke I,
Saadatmand AR, Stingl JC, Brockmöller J. Morphine is a sub-
strate of the organic cation transporter OCT1 and polymor-
phisms in OCT1 gene affect morphine pharmacokinetics after
codeine administration. Biochem Pharmacol. 2013;86(5):666-
678. https://doi.org/10.1016/j.bcp.2013.06.019

5. Seitz T, Stalmann R, Dalila N, et al. Global genetic analyses
reveal strong inter-ethnic variability in the loss of activity of
the organic cation transporter OCT1. Genome Med. 2015;7(1):
56. https://doi.org/10.1186/s13073-015-0172-0

6. Tzvetkov MV. OCT1 pharmacogenetics in pain management:
is a clinical application within reach? Pharmacogenomics.
2017;18(16):1515-1523. https://doi.org/10.2217/pgs-2017-0095

7. Matic M, de Wildt SN, Elens L, et al. SLC22A1/OCT1 Geno-
type Affects O-desmethyltramadol Exposure in Newborn
Infants. Ther Drug Monit. 2016;38(4):487-492. https://doi.org/
10.1097/FTD.0000000000000307

8. Stamer UM, Musshoff F, Stüber F, Brockmöller J, Steffens M,
Tzvetkov MV. Loss-of-function polymorphisms in the organic
cation transporter OCT1 are associated with reduced postoper-
ative tramadol consumption. Pain. 2016;157(11):2467-2475.
https://doi.org/10.1097/j.pain.0000000000000662

9. Fukuda T, Chidambaran V, Mizuno T, et al. OCT1 genetic var-
iants influence the pharmacokinetics of morphine in children.
Pharmacogenomics. 2013;14(10):1141-1151. https://doi.org/10.
2217/pgs.13.94

10. Venkatasubramanian R, Fukuda T, Niu J, et al. ABCC3 and
OCT1 genotypes influence pharmacokinetics of morphine in
children. Pharmacogenomics. 2014;15(10):1297-1309. https://
doi.org/10.2217/pgs.14.99

11. Hahn D, Emoto C, Euteneuer JC, Mizuno T, Vinks AA,
Fukuda T. Influence of OCT1 Ontogeny and Genetic Variation
on Morphine Disposition in Critically Ill Neonates: Lessons
From PBPK Modeling and Clinical Study. Clin Pharmacol
Ther. 2019;105(3):761-768. https://doi.org/10.1002/cpt.1249

12. Nielsen LM, Sverrisd�ottir E, Stage TB, et al. Lack of genetic
association between OCT1, ABCB1, and UGT2B7 variants and
morphine pharmacokinetics. Eur J Pharm Sci off J Eur Fed
Pharm Sci. 2017;99:337-342. https://doi.org/10.1016/j.ejps.
2016.12.039

13. Oosten AW, Abrantes JA, Jönsson S, et al. A Prospective Popu-
lation Pharmacokinetic Study on Morphine Metabolism in
Cancer Patients. Clin Pharmacokinet. 2017;56(7):733-746.
https://doi.org/10.1007/s40262-016-0471-7

14. Coffman BL, Rios GR, King CD, Tephly TR. Human UGT2B7
catalyzes morphine glucuronidation. Drug Metab Dispos. 1997;
25(1):1-4.

15. Klimas R, Mikus G. Morphine-6-glucuronide is responsible for
the analgesic effect after morphine administration: a quantita-
tive review of morphine, morphine-6-glucuronide, and
morphine-3-glucuronide. Br J Anaesth. 2014;113(6):935-944.
https://doi.org/10.1093/bja/aeu186

16. Hasselström J, Säwe J. Morphine pharmacokinetics and
metabolism in humans. Enterohepatic cycling and relative
contribution of metabolites to active opioid concentrations.
Clin Pharmacokinet. 1993;24(4):344-354. https://doi.org/10.
2165/00003088-199324040-00007

17. ASA Physical Status Classification System [Internet]. Accessed
29 January 2021. https://www.asahq.org/standards-and-
guidelines/asa-physical-status-classification-system

18. Ahlin G, Karlsson J, Pedersen JM, et al. Structural require-
ments for drug inhibition of the liver specific human organic
cation transport protein 1. J Med Chem. 2008;51(19):5932-
5942. https://doi.org/10.1021/jm8003152

19. Tzvetkov MV, Saadatmand AR, Bokelmann K, Meineke I,
Kaiser R, Brockmöller J. Effects of OCT1 polymorphisms on
the cellular uptake, plasma concentrations and efficacy of the
5-HT(3) antagonists tropisetron and ondansetron. Pharmaco-
genomics J. 2012;12(1):22-29. https://doi.org/10.1038/tpj.
2010.75

20. Basic & Clinical Pharmacology & Toxicology policy for experi-
mental and clinical studies [Internet]. https://onlinelibrary-
wiley-com.proxy1-bib.sdu.dk/doi/10.1111/bcpt.13492

21. Kuhlmann I, Nyrup AN, Stage TB, et al. Oral and intravenous
pharmacokinetics of metformin with and without oral codeine
intake in healthy subjects - a cross-over study. Clin Transl Sci.
2021. https://doi.org/10.1111/cts.13107

22. Christensen MMH, Brasch-Andersen C, Green H, et al. The
pharmacogenetics of metformin and its impact on plasma met-
formin steady-state levels and glycosylated hemoglobin A1c.

KUHLMANN ET AL. 101

https://orcid.org/0000-0003-1727-1264
https://orcid.org/0000-0003-1727-1264
https://orcid.org/0000-0002-4698-4389
https://orcid.org/0000-0002-4698-4389
https://orcid.org/0000-0002-4698-4389
https://orcid.org/0000-0001-8313-0721
https://orcid.org/0000-0001-8313-0721
https://orcid.org/0000-0001-8313-0721
https://orcid.org/0000-0003-0591-7187
https://orcid.org/0000-0003-0591-7187
https://orcid.org/0000-0001-8444-7835
https://orcid.org/0000-0001-8444-7835
https://doi.org/10.1016/j.ejps.2015.03.020
https://doi.org/10.1002/cpt.23
https://doi.org/10.1124/pr.118.015578
https://doi.org/10.1124/pr.118.015578
https://doi.org/10.1016/j.bcp.2013.06.019
https://doi.org/10.1186/s13073-015-0172-0
https://doi.org/10.2217/pgs-2017-0095
https://doi.org/10.1097/FTD.0000000000000307
https://doi.org/10.1097/FTD.0000000000000307
https://doi.org/10.1097/j.pain.0000000000000662
https://doi.org/10.2217/pgs.13.94
https://doi.org/10.2217/pgs.13.94
https://doi.org/10.2217/pgs.14.99
https://doi.org/10.2217/pgs.14.99
https://doi.org/10.1002/cpt.1249
https://doi.org/10.1016/j.ejps.2016.12.039
https://doi.org/10.1016/j.ejps.2016.12.039
https://doi.org/10.1007/s40262-016-0471-7
https://doi.org/10.1093/bja/aeu186
https://doi.org/10.2165/00003088-199324040-00007
https://doi.org/10.2165/00003088-199324040-00007
https://www.asahq.org/standards-and-guidelines/asa-physical-status-classification-system
https://www.asahq.org/standards-and-guidelines/asa-physical-status-classification-system
https://doi.org/10.1021/jm8003152
https://doi.org/10.1038/tpj.2010.75
https://doi.org/10.1038/tpj.2010.75
https://onlinelibrary-wiley-com.proxy1-bib.sdu.dk/doi/10.1111/bcpt.13492
https://onlinelibrary-wiley-com.proxy1-bib.sdu.dk/doi/10.1111/bcpt.13492
https://doi.org/10.1111/cts.13107


Pharmacogenet Genomics. 2011;21(12):837-850. https://doi.org/
10.1097/FPC.0b013e32834c0010

23. Stephens M, Smith NJ, Donnelly P. A new statistical method
for haplotype reconstruction from population data. Am J Hum
Genet. 2001;68(4):978-989. https://doi.org/10.1086/319501

24. Poulsen L, Brøsen K, Arendt-Nielsen L, Gram LF, Elbaek K,
Sindrup SH. Codeine and morphine in extensive and poor
metabolizers of sparteine: pharmacokinetics, analgesic effect
and side effects. Eur J Clin Pharmacol. 1996;51(3–4):289-295.
https://doi.org/10.1007/s002280050200

25. Daoust R, Paquet J, Lavigne G, Piette �E, Chauny J-M. Impact
of age, sex and route of administration on adverse events after
opioid treatment in the emergency department: A retrospec-
tive study. Pain Res Manag J Can Pain Soc. 2015;20(1):23-28.
https://doi.org/10.1155/2015/316275

26. Niesters M, Dahan A, Kest B, et al. Do sex differences exist in
opioid analgesia? A systematic review and meta-analysis of
human experimental and clinical studies. Pain. 2010;151(1):
61-68. https://doi.org/10.1016/j.pain.2010.06.012

27. Mazoit JX, Butscher K, Samii K. Morphine in postoperative
patients: pharmacokinetics and pharmacodynamics of metabo-
lites. Anesth Analg. 2007;105(1):70-78. https://doi.org/10.1213/
01.ane.0000265557.73688.32

28. Skarke C, Darimont J, Schmidt H, Geisslinger G, Lötsch J.
Analgesic effects of morphine and morphine-6-glucuronide in
a transcutaneous electrical pain model in healthy volunteers.
Clin Pharmacol Ther. 2003;73(1):107-121. https://doi.org/10.
1067/mcp.2003.5

29. The International Association for the Study of Pain [Internet].
Assessed May 2021. https://www.iasp-pain.org/Education/
Content.aspx?ItemNumber=1698#Pain

SUPPORTING INFORMATION
Additional supporting information may be found in the
online version of the article at the publisher’s website.

How to cite this article: Kuhlmann I, Hjelmar
Petersen R, Overgaard M, et al. No significant
influence of OCT1 genotypes on the
pharmacokinetics of morphine in adult surgical
patients. Basic Clin Pharmacol Toxicol. 2022;130(1):
93-102. doi:10.1111/bcpt.13667

102 KUHLMANN ET AL.

https://doi.org/10.1097/FPC.0b013e32834c0010
https://doi.org/10.1097/FPC.0b013e32834c0010
https://doi.org/10.1086/319501
https://doi.org/10.1007/s002280050200
https://doi.org/10.1155/2015/316275
https://doi.org/10.1016/j.pain.2010.06.012
https://doi.org/10.1213/01.ane.0000265557.73688.32
https://doi.org/10.1213/01.ane.0000265557.73688.32
https://doi.org/10.1067/mcp.2003.5
https://doi.org/10.1067/mcp.2003.5
https://www.iasp-pain.org/Education/Content.aspx?ItemNumber=1698#Pain
https://www.iasp-pain.org/Education/Content.aspx?ItemNumber=1698#Pain
info:doi/10.1111/bcpt.13667

	No significant influence of OCT1 genotypes on the pharmacokinetics of morphine in adult surgical patients
	1  INTRODUCTION
	2  METHODS
	2.1  Study participants
	2.2  Study design
	2.3  Post-operative analgetic treatment
	2.4  Study procedures
	2.5  Analytical methods
	2.6  Genotyping
	2.7  Statistical analysis and considerations
	2.8  Pharmacokinetics
	2.9  Diplotype inference
	2.10  Sample size

	3  RESULTS
	4  DISCUSSION
	5  CONCLUSION
	ACKNOWLEDGEMENTS
	  CONFLICT OF INTEREST
	REFERENCES


