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Editor’s key points

† Morphine has a number of
active metabolites, with
variable analgesic effects.

† By analysing published
pharmacological data, the
effects of morphine and
morphine-6-glucuronide
(M6G) were compared.

† Assessing all routes of
administration, M6G was
found to contribute
significantly to analgesia.

† When renal function is
impaired, M6G may
accumulate, with an
increase in its effects.

† Further prospective work
is needed to explore the
effects of morphine
metabolites.

Background. Morphine-6-glucuronide (M6G) is a strong m-receptor agonist with higher
affinity than morphine itself. It has been suggested that M6G contributes to the analgesic
effect after administration of morphine, but the extent of its contribution remains unclear.

Methods. In order to elucidate the relative contribution of both drugs to the overall
analgesic effect mediated by the m-receptor, published data on m-receptor binding,
plasma protein binding, concentrations [preferably area under the concentration–
time curve (AUC)] of morphine and M6G in blood or cerebrospinal fluid (CSF), or con-
centration ratios were used to calculate free CSF concentration corrected for receptor
binding for each compound. To compare different routes of administration, free CSF
concentrations of M and M6G corrected for potency were added and compared with oral
administration.

Results. Based on AUC data, there is a major contribution of M6G to the overall analgesic
effect; the mean contributions being estimated as 96.6%, 85.6%, 85.4%, and 91.3% after
oral, s.c., i.v., and rectal administration of morphine, respectively. In patients with renal
insufficiency, 97.6% of the analgesic effect is caused by M6G when morphine is given
orally. Owing to accumulation of M6G over time in these patients, morphine may be
regarded as a prodrug.

Conclusions. When administering morphine to patients, the analgesic effect is mainly
caused by M6G instead of morphine itself, irrespective of the route of administration.
Therefore, the patient’s kidney function plays a key role in determining the optimal daily
dose of morphine.
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Morphine is a m-opioid analgesic used in the management of
moderate-to-severe cancer and postoperative pain. The
m-receptors located in the central nervous system (CNS) are re-
sponsible for supraspinal analgesia, respiratory depression,
and sedation.1 Morphine undergoes metabolism (Supplemen-
tary Appendix S1) to morphine-3-glucuronide (M3G) (57.3%)
and morphine-6-glucuronide (M6G) (10.4%)2 3 by UGT2B74 in
the liver. Both metabolites are cleared by the kidneys and accu-
mulate in renal failure.5 – 8 While morphine has a low plasma
protein binding of 35%, the binding for M3G and M6G is
reported to be even lower with 10% and 15%, respectively.9

Numerous studies can be found reporting concentrations of
morphine and its metabolites M3G and M6G in plasma, CSF, or
both.10 – 15 Both morphine glucuronides cross the blood–brain

barrier, but the penetration rate is lower for M3G and M6G
than for morphine itself.16 Pharmacokinetic studies indicate
substantially higher plasma concentrations of the two metab-
olites than those of morphine (M3G/morphine: 34; M6G/
morphine: 3.9).17

The role of M6G as a strong agonist at the m-receptor is
widely accepted.18 – 21 It has been claimed that about 85% of
the analgesic effect of morphine is derived from M6G.11 In con-
trast, M3G has an up to 200 times lower m-receptor binding
compared with morphine22 and is devoid of analgesic activity,
although some studies have reported an antagonistic activ-
ity20 23 24 or a weak agonist activity.25

With this investigation, we aimed to elucidate the relative
contributions of morphine and its active glucuronide metabolite
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M6G to the overall analgesia obtained after administration of
morphine. This might help to explain the large dose range of
morphine in pain patients.

Methods
The rationale was to assemble, classify, and analyse existing
studies which reported on morphine, M3G, and M6G. Therefore,
a database research [PubMed (http://www.ncbi.nlm.nih.gov/
sites/entrez), pubChem (http://www.ncbi.nlm.nih.gov/pccom
pound), drugbank (http://www.drugbank.ca/)] was performed
to identify in vivo and in vitro studies which dealt with mor-
phine, M3G, M6G, and their concentrations in blood and cere-
brospinal fluid (CSF) (Supplementary Appendix S2). Also
m-receptor binding studies were included. In Tables 1 and 2,
all included studies and the data extracted are listed. All data
extracted from the studies were first arranged for the different
routes of administration of morphine. The concentration data
were converted into molar units (nmol litre21) using the
molar masses of the compounds (M: 285.34 g mol21; M3G:
461.46 g mol21; M6G: 461.46 g mol21).

Where available, plasma AUC (area under the concentra-
tion–time curve) data of the compounds were used as a
measure of exposure. Additionally, the ratios M3G/M, M6G/M,
and M3G/M6G in plasma, in CSF, or both were given. However,
in some studies, only the ratios and no concentrations were
reported. Other studies published only maximum concentra-
tions (Cmax). Finally, occasionally, only mean concentration
data were reported with no closer characterization. Only seven
studies provided brain/plasma ratios for morphine and M6G;
therefore, these data were averaged for further calculations.

Based on plasma exposure data (AUC; Cmax; mean concen-
tration), plasma concentration ratios (M6G/M), plasma protein
binding, brain/plasma ratio, concentrations in CSF, and the
potencies of the compounds, the relative contributions of
morphine and M6G to the overall effect have been calculated
(Fig. 1) using the following equations:

Brain concentration (nmol litre−1)

= blood concentration (nmol litre−1) × brain/plasma ratio

Free brain concentration (nmol litre−1)

= brain concentration (nmol litre−1) × free fraction brain

Free brain concentration corrected for potency

= free brain concentration

× relative potency of morphine or M6G (morphine = 1).

In some studies, only plasma or CSF concentration ratios
(M6G/M) were given. These data were also used to calculate
the M6G concentration relative to morphine. Furthermore, a
comparison between the different routes of administration
was carried out. Only those studies where the dose was speci-
fied could be used. After dose normalization, free brain concen-
trations of M and M6G corrected for potency were added and
compared with oral administration.

We decided to use a rather simplistic approach rather than
performing a meta-analysis as the studies and their data are
extremely heterogeneous and the studies analysed were
carried out over a long period of time with different analytical
methods used.

Results
The basic data used for the calculations like m-receptor affinity
and protein binding for morphine and M6G are shown in Table 1.
Concentration data and/or ratios of 23 studies with morphine
and its glucuronides were analysed (Fig. 2).

Reported data on Cmax, AUC, and mean concentrations
showed large variations because of different routes of admin-
istration, variable doses, and heterogeneous study partici-
pants (Table 2). However, when calculating the relative
contributions of morphine and M6G to the overall effect, data
are very consistent regardless of the morphine doses used or
the pharmacokinetic parameter reported (Table 3).

M6G contributes largely to the analgesic effect obtained
after morphine administration with a minor role of morphine
itself. However, based on AUC data (Table 3), the relative
contribution of M6G to the overall effect is, to a certain
degree, dependent on the route of morphine administration
with 96.6%, 85.6%, 85.4%, and 91.3% after oral, s.c., i.v., and
rectal administration. A lower contribution of M6G was noted
after i.m. (68.3%) administration of morphine. No large dif-
ferences were observed when the calculation was based
on the mean concentration data or M/M6G ratio in plasma.
However, Cmax values showed differences after i.v. and s.c.
administration.

About 80% of the total analgesic effect results from M6G
when morphine is given i.v. as a single dose (Table 4). In

Table 1 Data of morphine and M6G used for the calculations performed. SD, standard deviation; NA, not available

m-Affinity
(nM)26

Rel.
potency

Protein binding
(%)9

Free
fraction

Free fraction
brain27

Mean (SD) brain/plasma ratio
(7 studies)9 11 13 14 15 28 29

Morphine 1.2 1 35 0.65 0.405 0.41 (0.32)

Morphine-6-glucuronide 0.6 2 15 0.85 NA 0.56 (0.88)

Morphine-3-glucuronide 37.1 0.032 10 0.90 NA 0.16 (0.18)
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Table 2 Pharmacokinetic data and doses (morphine base) reported in the studies used for the analysis. CR, controlled release; IR, immediate release; CRM, morphine sulphate controlled-release;
MSER, morphine sulphate extended release; s.c.b., subcutaneous bolus injection; s.c.i., subcutaneous infusion

Study Information Route, dose (mg) AUC blood (h nmol
litre21)

Cmax blood (nmol
litre21)

Mean blood (nmol
litre21)

CSF conc. (nmol
litre21)

Brain/plasma
ratio

M6G/M
blood

M6G/M
brain

Christrup and
colleagues30

18 patients chronic and
cancer pain. Data for
different tablets (CR, IR)

p.o. CR, 114 M: 99; M6G: 548 M: 32.8; M6G: 152.1 5.9
p.o. IR M: 98; M6G: 538 M: 38.9; M6G: 135.7 6

Dale and colleagues28 38 patients for hip
replacement

i.v., 8.88 M: 655.5 M: 1.663 min nmol
litre21

M: 0.18

i.m., 8.88 M: 780 M: 1.109 min nmol
litre21

M: 0.09

Du and colleagues31 6 cancer patients p.o., 22.6 M: 434.3; M6G:
1205.6

M: 156.2; M6G:
270.2

3.28

Rectal, 11.25 M: 574.8; M6G: 1020 M: 112.8; M6G: 181 2.15

Goucke and colleagues10 11 cancer patients p.o./s.c., 205 M: 193; M6G: 847 M: 200; M6G: 115 M: 1.04; M6G:
0.14

3.79 0.42

Hand and colleagues11 15 patients undergoing
transurethral
prostatectomy

p.o., 22.6 M: 106; M6G: 102 M: 42; M6G: 77 M: 0.4; M6G:
0.75

i.m., 7.44 M: 99; M6G: 37 M: 74; M6G: 84 M: 0.75; M6G:
2.27

Hoffman and
colleagues32

11 cancer patients p.o., 30 M: 53.1; M6G: 143.4 0.78
i.v., 10 M: 92.3; M6G: 119 1.36

Holthe and colleagues33 70 cancer patients p.o., 170 M: 126; M6G: 731 7.2

Klepstad and
colleagues29

40 cancer patients. Data
for different tablets
(CR, IR)

p.o. CR, 97 M: 99; M6G: 287 M: 64; M6G: 219 5.2
p.o. IR, 97 M: 76; M6G: 297 M: 66; M6G: 257 5.4

Meineke and
colleagues12

9 neurological/
neurosurgical patients

i.v., 20 M: 1049.28; M6G:
557.14

M: 71.49; M6G:
9.53

M: 0.068; M6G:
0.017

Moolenaar and
colleagues34

25 cancer patients p.o., 22.3 M: 455.6; M6G:
1807.3

M: 57.48; M6G:
299.71

Rectal, 22.3 M: 704.42; M6G:
1300.22

M: 108.64; M6G:
160.36

Osborne and
colleagues35

10 volunteers i.v., 10 M: 228.7; M6G:
313.4

M: 273.2; M6G: 79.5 1.4

p.o., 10 M: 42.9; M6G: 371 M: 20.9; M6G: 83.9 9.7

Osborne and colleagues5 4 groups: healthy
(10 patients), 3 different
groups of renal failure
(8, 9, 9 patients)

i.v. healthy, 5.37 M: 228.7; M6G:
313.4

M6G: 79.5

i.v. no dialysis, 5.2 M: 398; M6G: 2885.8 M6G: 160.2
i.v. dialysis, 5.14 M: 469.1; M6G: 2763 M6G: 140.7
i.v. transplantat,
4.7

M: 302.1
M6G: 876.1

M6G: 114.5

Pauli-Magnus and
colleagues7

10 CAPD patients
(renal failure)

i.v., 7.59 M: 369.3; M6G: 4302 12.2
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Table 2 Continued

Study Information Route, dose (mg) AUC blood (h nmol
litre21)

Cmax blood (nmol
litre21)

Mean blood (nmol
litre21)

CSF conc. (nmol
litre21)

Brain/plasma
ratio

M6G/M
blood

M6G/M
brain

Peterson and
colleagues36

21 cancer patients p.o./ s.c., 110 M: 126.17
M6G: 308.37

7.2

Portenoy and
colleagues37

10 patients with chronic
pain. Data for different
tablets (CR)

p.o. CRM, 191 M: 1093.43; M6G:
5868.33

M: 91.47; M6G:
455.1

p.o. MSER, 218 M: 1132; M6G:
5978.85

M: 74.3; M6G: 364.1

Poulain and colleagues13 2 cancer patients p.o., 14.88 M: 124; M6G: 1248.5 M: 53.5; M6G: 277 M: 8.5; M6G: 41 M: 0.16; M6G:
0.15

Sakurada and
colleagues38

26 cancer patients p.o., 60 M: 158.76; M6G:
86.68

1.23

Stuart-Harris and
colleagues39

6 healthy volunteers s.c.b., 3.7 M: 303; M6G: 252 M: 262; M6G: 62.2 1.19
s.c.i., 3.7 M: 198; M6G: 171 M: 46; M6G: 30.1 1.28
i.v., 3.7 M: 269; M6G: 259 M: 283; M6G: 66.7 1.33

Van Dongen and
colleagues9

16 cancer patients p.o., 227 M: 0.9; M6G:
0.09

4.6 0.8

Westerling and
colleagues40

12 healthy volunteers i.v., 7.59 M: 410; M6G: 85 1.23

Westerling and
colleagues41

14 healthy volunteers.
Data for different tablets
(CR, IR)

i.v., 7.59 M: 386.5; M6G: 91.1 1.4
p.o. IR, 22.77 M: 23.6, M6G: 117.8 6.4
p.o. CR, 22.57 M: 16.7; M6G: 102 5.4

Wolff and colleagues14 34 cancer patients p.o. slow release,
142

M: 78.85; M6G:
725.96

M: 44.86; M6G:
90.15

M: 0.79; M6G:
0.15

23 5.1

Wolff and colleagues15 21 cancer patients s.c., 48 M: 392; M6G: 935 M: 34.7; M6G: 14 M: 0.36; M6G:
0.1

3.4 0.5
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patients with renal insufficiency, 97.6% of the analgesic effect
was caused by M6G when morphine is given orally (Table 4).
Both M6G and M3G accumulate in patients with renal failure,
because clearance of these two metabolites is related to cre-
atinine clearance and renal function.7 43 Therefore, an even
higher contribution of M6G to the analgesic effect will occur
after multiple administration of morphine.

Based on the calculated data, the dose equivalence of
morphine using different routes of administration shows that
oral morphine should be used at similar doses as i.v. morphine
to gain the same analgesic effect (Table 3). There was only one
study where i.v. and p.o. administration were applied to the
same subjects and based on AUC data, the relative doses for
the same effect are calculated to be 1:1.1 (p.o.:i.v.).35 When
the comparison between i.v. and p.o. administration was
based on reported Cmax concentrations, on average 3.7-fold
higher oral doses are needed to elicit the same m-opioid
effect. Regarding rectal and i.m. administration, almost the
same doses can be used as after oral administration (Table 3).

Discussion
Based on the calculations presented, M6G is the dominating
factor in the overall analgesic effect obtained after morphine
administration. To some degree, this has been suggested
earlier that M6G may play a large role for the effect after
morphine administration,4 25 35 and this was based mainly
on relative plasma concentration data.

Because of the fact that morphine has been used as an an-
algesic substance for a long time, a large number of publica-
tions were found. Close inspection revealed a large variability
in given pharmacokinetic data from all publications. This
may, at least in part, be due to the specificity of the analytical
methods being used. Also, in manystudies, only morphine con-
centrations were measured and these could not be used for the
calculations performed in the current investigation because
data on blood or brain concentrations of morphine and its
metabolites are necessary. Frequently, only Cmax or unspecified
mean blood concentrations were published, especially in older
publications.14 15 32 36 40 The included studies with all data

Concentration
in blood

Brain
concentration

Free brain
concentration

Cra: free brain
concentration
corrected for

receptor affinity

Calculation

M relative contribution to overall
effect

M=100 x Cra M / (Cra M + Cra M6G)

M6G relative contribution to overall
effect

M6G=100 x Cra M6G / (Cra M + Cra M6G)

Concentration
in CSF

Ratio CSF

Ratio blood

Blood–brain barrier

Fig 1 Flowchart to demonstrate the calculation of the relative contribution of morphine and M6G depending on the parameter available.

Morphine-6-glucuronide mediates analgesia of morphine BJA
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required for the calculations were carried out in different
decades with different analytical methods. This might also
contribute to the large variability and decreases the compar-
ability of the studies. A systematic review of 57 studies shows
a wide range of the ratio of M6G to morphine (0–97).44

Another investigation with 175 patients with normal renal
and hepatic function who received chronic oral morphine
therapy demonstrated a broad unimodal distribution of M6G
to morphine: 0.5–72.8.45 Morphine is exclusively metabolized
by UGT2B7.46 A factor contributing to the large variability of
M6G to morphine ratio might be the presence of several single-
nucleotide polymorphisms in the coding and regulatory
regions of human UGT2B7 gene, which give rise to fourdifferent
haplotypes and seven genotypes. However, no relationship
between polymorphisms and the ratio has been established,
implying that other unidentified factors are responsible for
the variability in M6G to morphine ratios.45

A surprising outcome of our calculations is the similar
potency obtained for the different routes of administration. It
is current understanding thatathree-fold higheroral morphine
dose in comparison with i.v. morphine is needed for the same
analgesic effect.47 However, our calculations based on free
brain exposure of morphine and M6G corrected for receptor

affinity using blood AUC data revealed that similar doses
should be used for p.o. and i.v. administration. A possible ex-
planation could be the fact that after p.o. administration of
morphine, the proportion of M6G is higher than after i.v. treat-
ment (Table 2). Certainly, a constraint is the heterogeneity of
the i.v. administration with morphine in the studies mostly
administered as an i.v. bolus injection5 28 32 35 39 or as an infu-
sion over a period of 10–30 min.7 12 40 41 This does not reflect
the i.v. morphine treatment in chronic pain patients. Therefore,
the results obtained from the performed calculations for i.v.
and p.o. administration may differ from the clinical setting,
where usually three-fold higher doses of oral morphine com-
pared with the parenteral route are administered. Interesting-
ly, when the calculations were based on reported Cmax

concentrations for morphine and M6G after p.o. and i.v. admin-
istration, the p.o. morphine dose should be almost four-fold
higher than the i.v. dose. Therefore, an important factor
seems to be the input rate of the drug which is much faster
after i.v. administration resulting also in different AUC to Cmax

ratios depending on the route of administration. For other
routes of administration like i.m. and rectal where the input
rate is similar to oral administration, the dose requirements
are similar to oral morphine (about 1:1). Especially for routes

16 p.o.

3 p.o./i.v. 3 p.o./i.v. 1 p.o./s.c.

1 p.o./s.c. 1 i.v./s.c. 1 i.v./s.c.

1 i.v./i.m.

1 i.v./i.m.2 p.o./rectal

1 p.o./i.m.

7 AUC
9 Cmax
6 mean conc.
4 brain conc.
11 ratio blood
2 ratio brain

5 AUC
4 Cmax
3 mean conc.
1 brain conc.
6 ratio blood

1 AUC
1 Cmax
2 mean conc.
2 brain conc.
3 ratio blood
1 ratio brain

1 AUC
1 Cmax
2 brain conc.

2 AUC
2 Cmax
1 brain blood

9 p.o.

9 i.v.

4 i.v.

3 s.c.

5 application routes

23 included studies (464 patients)

2 s.c.

2 i.m.

1 p.o./i.m. 2 p.o./rectal

2 rectal

Fig 2 Data set of studies used for the calculations with different routes of administrations and the pharmacokinetic parameter available in these
studies.
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of administration with fast input rates, AUC seems not to be a
valid parameter for the calculation of dose equivalences.

Data about morphine therapy in patients with renal dys-
function are scarce. But the few available studies (Table 4)
show that in patients with renal dysfunction, M6G is responsible
for 77–87% of the analgesic effect after single-dose i.v. treat-
ment, which is similar to patients with normal renal function.
After single oral morphine administration, this increases to
.90%.42 Therefore, in patients with renal dysfunction, the
contribution of M6G for the analgesic effect will increase to
100% after multiple dose treatment, because of accumulation
of the glucuronides. These findings may also be an explanation
of why those patients report side-effects more often.5 48

The analgesic effects of M6G in man have been demon-
strated by i.v.49 – 51 and intrathecal administration.52 53 Accord-
ing to the available literature, some studies found no analgesic
effect of M6G during short-lasting and low-dose i.v. use of

M6G,54 55 while other studies identified an analgesic effect of
M6G.50 51 56 57 Higher doses of M6G (0.2 and 0.3 mg kg21 in con-
trast to lower doses 0.05–0.1 mg kg21) produced effective and
long-lasting analgesia.8 58 One study showed a similar effect of
M6G and morphine for analgesia after i.v. infusion and subse-
quent s.c. patient-controlled analgesia with no significant dif-
ferences between M6G and morphine doses.59 The onset
time of the analgesic effect of morphine and M6G was nearly
equivalent (30 min) after i.v. administration.60 Comparing the
effects of M6G with morphine in different animal tests, M6G
was up to 360 times more potent.61 – 63 Our calculations are
based on both substances present; in this case, the measured
M6G plasma concentrations formed by metabolism from mor-
phine which exceed those of morphine itself (Table 2).64

After M6G administration, the side-effects are similar to
those observed after morphine administration,8 64 – 66 but
some found that M6G is devoid of or has less side-effects

Table 3 Contribution of morphine and M6G to the overall analgesic effect. *Calculation made with only one available study

route of administration Mean relative contribution to overall effect (%) (range) Relative efficacy p.o.51

Morphine Morphine-6-glucuronide Ratio p.o.: other route

p.o.

AUC 3.4 (1.7–5.9) 96.6 (94.1–98.3)

Cmax 5.1 (2.8–15.3) 94.9 (84.7–97.2)

Mean conc. 7.9 (1.8–24.1) 92.1 (75.9–98.2)

Ratio 3.8 (0.7–12.4) 96.2 (97.6–99.6)

i.v.

AUC 14.6 (11.2–21.4) 85.4 (78.6–88.8) 1:1.1

Cmax 41.6 (24.6–62.0) 58.4 (38.0–75.4) 1:3.7

Mean conc.32 11.8* 88.2* 1:2.65

Ratio 11.5 (11.0–12.6) 88.5 (87.6–89.0)

s.c.

AUC 14.4 (12.0–1 6.9) 85.6 (83.1–88.0)

Cmax 25.9 (11.4–40.5) 74.1 (59.5–88.6)

Mean conc.15 6.8* 93.2*

Ratio 8.5 (4.5–12.7) 91.5 (87.3–95.5)

Rectal

AUC 8.7 (8.6–8.9) 91.3 (91.1–91.4) 1:1.6

Cmax 10.1 (9.7–10.5) 89.9 (89.5–90.3) 1:1.8

Ratio31 7.5* 92.5*

i.m.

Mean conc.11 31.7* 68.3* 1:0.72

Table 4 Contribution of morphine and M6G in renal failure to the overall analgesic effect

Study Way of application route Relative contribution (%)

Morphine Morphine-6-glucuronide

Osborne and colleagues (no dialysis)5 i.v. 19.2 80.8

Osborne and colleagues (dialysis)5 i.v. 22.7 77.3

Pauli-Magnus and colleagues7 i.v. 12.9 87.1

D’Honneur and colleagues42 p.o. 2.4 97.6
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such as nausea, vomiting, sedation, and respiratory depres-
sion.50 – 52 57 59 In a study with six healthy volunteers, no
nausea, itching, or rash was observed after M6G in contrast
to morphine administration.67 In a study with patients, the fre-
quency of nausea after M6G was only half of that after mor-
phine administration and there was a clear difference in
somnolence favouring M6G.59

Both M6G and morphine do not easily cross the blood–brain
barrier, being substrates of the efflux transporter P-glycoprotein
which was recently reviewed.4 Because of the hydrophilic
nature of M6G in comparison with morphine, the passage
across the blood–brain barrier is relatively slow compared
with morphine.68 69 The higher plasma concentrations of M6G
achieved after morphine administration (Table 2) result in a
larger concentration gradient across the blood–brain barrier
and allows penetration of M6G into the brain. Hence, after
binding to the m-opioid receptors, analgesia is produced.8 70

Although only limited data are available on the kinetics,
blood–brain barrier penetration, analgesic, and side-effects
of M6G, the evidence of its potent analgesic action and favour-
able side-effect profile is generally accepted. In a placebo-
controlled study, M6G showed an analgesic potency of 2:1
compared with morphine which was associated with less
respiratory suppression.57 It can be suggested from the data
presented and the current literature that morphine is essen-
tially a prodrug with respect to the analgesic effect, but mor-
phine produces unwanted effects like nausea, vomiting, and
respiratory depression.

Regarding m-receptor binding, M3G has a much lower affin-
ity than M6G or morphine itself.26 The Ki values used for our cal-
culations are 1.2 nM (morphine), 37.1 nM (M3G), and 0.6 nM
(M6G), respectively.26 According to the literature, the receptor
binding of M6G is at least comparable with morphine if not
higher than morphine.71 – 73

Other receptor binding studies reported even loweraffinities
for M3G (Ki: 360–6100 nM).18 22 74 It might also be possible that
M3G does not bind to the receptorat all, and the explanation for
still having receptor binding could be a result from contamin-
ation of the M3G used in the studies by morphine.74 However,
the plasma concentrations of M3G are the highest compared
with M6G and morphine itself. Therefore, unspecific receptor
binding could be possible but has not yet been proven. Al-
though it is not clear whether it binds to the receptor, it is
also unknown if M3G acts as a receptor agonist or antagonist,
but it has been claimed that M3G is responsible for side-effects
and pain enhancement,75 especially after accumulation in
patients with renal dysfunction. Performing a calculation of
the relative contribution including M3G, the results showed
that ,4% of the total effect might be attributed to M3G.
Hence, the role of M3G for the analgesic effect of morphine is
probably insignificant. This is supported by animal studies
where high doses of M3G (27.6 mg kg21) injected intracere-
brally showed no analgesic effect.76 Especially in patients
with renal insufficiency, an accumulation of M3G might
reveal some insights about any action or side-effects of this
morphine metabolite. In a first human study, M3G adminis-
tered i.v. in a dose of 30.6 mg per 70 kg did not show any

significant activity and no antagonism of analgesic or respira-
tory depressant effects of morphine or M6G was observed.57

Limitations and conclusions
Clearly, a limitation of ourcalculation is the lack of human brain
concentration data of morphine and its metabolites. We there-
fore used the concentration of the substances in the CSF under
the notion that there might be equilibrium between CSF and
the brain tissue itself. Also, most of the pharmacokinetic data
of morphine and its metabolites are from studies after single-
dose administration. This is clearly very different from the
therapeutic situation where patients receive opioids regularly
according to an individual dosing scheme for long-term pain
therapy. The major strength of our calculation, however, is
the strong support of the earlier proposed importance of the
active M6G by applying basic clinical pharmacology methods.

In conclusion, when administering morphine to patients,
the main contribution to the analgesic effect is caused by
M6G which is the dominating compound irrespective of the
route of administration. Hence, most importantly, the dose of
morphine has to be adjusted to the patient’s kidney function.
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Anaesthesia online.

Authors’ contributions
Both authors contributed to every aspect of the study including
writing of the manuscript.

Acknowledgement
We are thankful that the manuscript has been edited by
Dr Kevin Smith (Mundipharma Research Ltd).

Declaration of interest
None declared.

References
1 Trescot AM, Datta S, Lee M, Hansen H. Opioid pharmacology. Pain

Physician 2008; 11: S133–53

2 Christrup LL. Morphine metabolites. Acta Anaesthesiol Scand 1997;
41: 116–22

3 Hasselstrom J, Sawe J. Morphine pharmacokinetics and metabol-
ism in humans. Enterohepatic cycling and relative contribution of
metabolites to active opioid concentrations. Clin Pharmacokinet
1993; 24: 344–54

4 Gregori SD, Gregori MD, Ranzani GN, Allegri M, Minella C, Regazzi M.
Morphine metabolism, transport and brain disposition. Metab Brain
Dis 2012; 27: 1–5

5 Osborne R, Joel S, Grebenik K, Trew D, Slevin M. The pharmacokinet-
ics of morphine and morphine glucuronides in kidney failure. Clin
Pharmacol Ther 1993; 54: 158–67

6 Osborne R, Joel S, Slevin M. Morphine intoxication in renal failure;
the role of morphine-6-glucuronide. Br Med J (Clin Res Ed) 1986;
293: 1101

BJA Klimas and Mikus

942

 by John V
ogel on N

ovem
ber 29, 2014

http://bja.oxfordjournals.org/
D

ow
nloaded from

 

http://bja.oxfordjournals.org/lookup/suppl/doi:10.1093/bja/aeu186/-/DC1
http://bja.oxfordjournals.org/lookup/suppl/doi:10.1093/bja/aeu186/-/DC1
http://bja.oxfordjournals.org/
<iAnnotate iPad User>
Highlight

<iAnnotate iPad User>
Highlight



7 Pauli-Magnus C, Hofmann U, Mikus G, Kuhlmann U, Mettang T.
Pharmacokinetics of morphine and its glucuronides following intra-
venous administration of morphine in patients undergoing con-
tinuous ambulatory peritoneal dialysis. Nephrol Dial Transplant
1999; 14: 903–9

8 Romberg R, Olofsen E, Sarton E, den Hartigh J, Taschner PE, Dahan A.
Pharmacokinetic–pharmacodynamic modeling of morphine-6-
glucuronide-induced analgesia in healthy volunteers: absence of
sex differences. Anesthesiology 2004; 100: 120–33

9 van Dongen RT, Crul BJ, Koopman-Kimenai PM, Vree TB. Morphine
and morphine-glucuronide concentrations in plasma and CSF
during long-term administration of oral morphine. Br J Clin Pharma-
col 1994; 38: 271–3

10 Goucke CR, Hackett LP, Ilett KF. Concentrations of mor-
phine, morphine-6-glucuronide and morphine-3-glucuronide
in serum and cerebrospinal fluid following morphine administra-
tion to patients with morphine-resistant pain. Pain 1994; 56:
145 –9

11 Hand CW, Blunnie WP, Claffey LP, McShane AJ, McQuay HJ,
Moore RA. Potential analgesic contribution from morphine-6-
glucuronide in CSF. Lancet 1987; 2: 1207–8

12 Meineke I, Freudenthaler S, Hofmann U, et al. Pharmacokinetic
modelling of morphine, morphine-3-glucuronide and morphine-6-
glucuronide in plasma and cerebrospinal fluid of neurosurgical
patients after short-term infusion of morphine. Br J Clin Pharmacol
2002; 54: 592–603

13 Poulain P, Ribon AM, Hanks GW, Hoskin PJ, Aherne GW, Chapman DJ.
CSF concentrations of morphine-6-glucuronide after oral adminis-
tration of morphine. Pain 1990; 41: 115–6

14 Wolff T, Samuelsson H, Hedner T. Morphine and morphine metabol-
ite concentrations in cerebrospinal fluid and plasma in cancer pain
patients after slow-release oral morphine administration. Pain
1995; 62: 147–54

15 Wolff T, Samuelsson H, Hedner T. Concentrations of morphine and
morphine metabolites in CSF and plasma during continuous sub-
cutaneous morphine administration in cancer pain patients. Pain
1996; 68: 209–16

16 Yoshimura H, Ida S, Oguri K, Tsukamoto H. Biochemical basis for an-
algesic activity of morphine-6-glucuronide. I. Penetration of
morphine-6-glucuronide in the brain of rats. Biochem Pharmacol
1973; 22: 1423–30

17 Sawe J, Svensson JO, Rane A. Morphine metabolism in cancer
patients on increasing oral doses—no evidence for autoinduction
or dose-dependence. Br J Clin Pharmacol 1983; 16: 85–93

18 Frolich N, Dees C, Paetz C, et al. Distinct pharmacological properties
of morphine metabolites at G(i)-protein and beta-arrestin signaling
pathways activated by the human mu-opioid receptor. Biochem
Pharmacol 2011; 81: 1248–54

19 LotschJ, Geisslinger G. Morphine-6-glucuronide: an analgesic of the
future? Clin Pharmacokinet 2001; 40: 485–99

20 Mercadante S. The role of morphine glucuronides in cancer pain.
Palliat Med 1999; 13: 95–104

21 Pasternak GW, Bodnar RJ, Clark JA, Inturrisi CE. Morphine-6-
glucuronide, a potent mu agonist. Life Sci 1987; 41: 2845–9

22 Mignat C, Wille U, Ziegler A. Affinity profiles of morphine, codeine,
dihydrocodeine and their glucuronides at opioid receptor subtypes.
Life Sci 1995; 56: 793–9

23 Gong QL, Hedner T, Hedner J, Bjorkman R, Nordberg G. Antinocicep-
tive and ventilatory effects of the morphine metabolites:
morphine-6-glucuronide and morphine-3-glucuronide. Eur J Phar-
macol 1991; 193: 47–56

24 Smith MT, Watt JA, Cramond T. Morphine-3-glucuronide—a potent
antagonist of morphine analgesia. Life Sci 1990; 47: 579–85

25 Ulens C, Baker L, Ratka A, Waumans D, Tytgat J. Morphine-6beta-
glucuronide and morphine-3-glucuronide, opioid receptoragonists
with different potencies. Biochem Pharmacol 2001; 62: 1273–82

26 Chen ZR, Irvine RJ, Somogyi AA, Bochner F. Mu receptor binding of
some commonly used opioids and their metabolites. Life Sci
1991; 48: 2165–71

27 Bostrom E, Hammarlund-Udenaes M, Simonsson US. Blood–brain
barrier transport helps to explain discrepancies in in vivo potency
between oxycodone and morphine. Anesthesiology 2008; 108:
495–505

28 Dale O, Thoner J, Nilsen T, Tveita T, Borchgrevink PC, Klepstad P.
Serum and cerebrospinal fluid morphine pharmacokinetics after
single doses of intravenous and intramuscular morphine after hip
replacement surgery. Eur J Clin Pharmacol 2007; 63: 837–42

29 Klepstad P, Kaasa S, Borchgrevink PC. Start of oral morphine to
cancer patients: effective serum morphine concentrations and
contribution from morphine-6-glucuronide to the analgesia pro-
duced by morphine. Eur J Clin Pharmacol 2000; 55: 713–9

30 Christrup LL, Sjogren P, Jensen NH, Banning AM, Elbaek K, Ersboll AK.
Steady-state kinetics and dynamics of morphine in cancer patients:
is sedation related to the absorption rate of morphine? J Pain
Symptom Manage 1999; 18: 164–73

31 Du X, Skopp G, Aderjan R. The influence of the route of administra-
tion: a comparative study at steady state of oral sustained release
morphine and morphine sulfate suppositories. Ther Drug Monit
1999; 21: 208–14

32 Hoffman M, Xu JC, Smith C, et al. A pharmacodynamic study of mor-
phine and its glucuronide metabolites after single morphine dosing
in cancer patients with pain. Cancer Invest 1997; 15: 542–7

33 Holthe M, Klepstad P, Zahlsen K, et al. Morphine glucuronide-to-
morphine plasma ratios are unaffected by the UGT2B7 H268Y and
UGT1A1*28 polymorphisms in cancer patients on chronic mor-
phine therapy. Eur J Clin Pharmacol 2002; 58: 353–6

34 Moolenaar F, Meijler WJ, Frijlink HW, Visser J, Proost JH. Clinical effi-
cacy, safety and pharmacokinetics of a newly developed controlled
release morphine sulphate suppository in patients with cancer
pain. Eur J Clin Pharmacol 2000; 56: 219–23

35 Osborne R, Joel S, Trew D, Slevin M. Morphine and metabolite behav-
ior after different routes of morphine administration: demonstra-
tion of the importance of the active metabolite morphine-6-
glucuronide. Clin Pharmacol Ther 1990; 47: 12–9

36 Peterson GM, Randall CT, Paterson J. Plasma levels of morphine and
morphine glucuronides in the treatment of cancer pain: relation-
ship to renal function and route of administration. Eur J Clin Phar-
macol 1990; 38: 121–4

37 Portenoy RK, Sciberras A, Eliot L, Loewen G, Butler J, Devane J.
Steady-state pharmacokinetic comparison of a new, extended-
release, once-daily morphine formulation, Avinza, and a twice-
daily controlled-release morphine formulation in patients with
chronic moderate-to-severe pain. J Pain Symptom Manage 2002;
23: 292–300

38 Sakurada T, Takada S, Eguchi H, Izumi K, Satoh N, Ueda S. Relation-
ship between plasma concentrations of morphine and its metabo-
lites and pain in cancer patients. Pharm World Sci 2010; 32: 737–43

39 Stuart-Harris R, Joel SP, McDonald P, Currow D, Slevin ML. The
pharmacokinetics of morphine and morphine glucuronide meta-
bolites after subcutaneous bolus injection and subcutaneous infu-
sion of morphine. Br J Clin Pharmacol 2000; 49: 207–14

40 Westerling D, Hoglund P, Lundin S, Svedman P. Transdermal admin-
istration of morphine to healthy subjects. Br J Clin Pharmacol 1994;
37: 571–6

41 Westerling D, Persson C, Hoglund P. Plasma concentrations of
morphine, morphine-3-glucuronide, and morphine-6-glucuronide

Morphine-6-glucuronide mediates analgesia of morphine BJA

943

 by John V
ogel on N

ovem
ber 29, 2014

http://bja.oxfordjournals.org/
D

ow
nloaded from

 

http://bja.oxfordjournals.org/


after intravenous and oral administration to healthy volunteers: re-
lationship to nonanalgesic actions. Ther Drug Monit 1995; 17:
287–301

42 D’Honneur G, Gilton A, Sandouk P, Scherrmann JM, Duvaldestin P.
Plasma and cerebrospinal fluid concentrations of morphine and
morphine glucuronides after oral morphine. The influence of
renal failure. Anesthesiology 1994; 81: 87–93

43 Woolner DF, Winter D, Frendin TJ, Begg EJ, Lynn KL, Wright GJ. Renal
failure does not impair the metabolism of morphine. Br J Clin Phar-
macol 1986; 22: 55–9

44 Faura CC, Collins SL, Moore RA, McQuay HJ. Systematic review of
factors affecting the ratios of morphine and its major metabolites.
Pain 1998; 74: 43–53

45 Holthe M, Rakvag TN, Klepstad P, et al. Sequence variations in the
UDP-glucuronosyltransferase 2B7 (UGT2B7) gene: identification
of 10 novel single nucleotide polymorphisms (SNPs) and analysis
of their relevance to morphine glucuronidation in cancer patients.
Pharmacogenomics J 2003; 3: 17–26

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

47 Yaksh TL, Wallace MS. Opioids, analgesia, and pain management. In:
Brunton, LL. ed. Goodman and Gilman’s The Pharmacological Basis of
Therapeutics, 12th Edn. New York: McGraw Hill Medical, 2011

48 Lotsch J, Zimmermann M, Darimont J, et al. Does the A118G poly-
morphism at the mu-opioid receptor gene protect against
morphine-6-glucuronide toxicity? Anesthesiology 2002; 97: 814–9

49 Osborne R, Joel S, Trew D, Slevin M. Analgesic activity of
morphine-6-glucuronide. Lancet 1988; 1: 828

50 Osborne R, Thompson P, Joel S, Trew D, Patel N, Slevin M. The anal-
gesic activity of morphine-6-glucuronide. Br J Clin Pharmacol 1992;
34: 130–8

51 Thompson PI, Joel SP, John L, Wedzicha JA, Maclean M, Slevin ML.
Respiratory depression following morphine and morphine-6-
glucuronide innormalsubjects. Br J Clin Pharmacol 1995; 40: 145–52

52 Hanna MH, Peat SJ, Woodham M, Knibb A, Fung C. Analgesic efficacy
and CSF pharmacokinetics of intrathecal morphine-6-glucuronide:
comparison with morphine. Br J Anaesth 1990; 64: 547–50

53 Grace D, Fee JP. A comparison of intrathecal morphine-6-
glucuronide and intrathecal morphine sulfate as analgesics for
total hip replacement. Anesth Analg 1996; 83: 1055–9

54 Lotsch J, Kobal G, Stockmann A, Brune K, Geisslinger G. Lack of an-
algesic activity of morphine-6-glucuronide after short-term intra-
venous administration in healthy volunteers. Anesthesiology
1997; 87: 1348–58

55 Motamed C, Mazoit X, Ghanouchi K, et al. Preemptive intravenous
morphine-6-glucuronide is ineffective for postoperative pain
relief. Anesthesiology 2000; 92: 355–60

56 Buetler TM, Wilder-Smith OH, Wilder-Smith CH, Aebi S, Cerny T,
Brenneisen R. Analgesic action of i.v. morphine-6-glucuronide in
healthy volunteers. Br J Anaesth 2000; 84: 97–9

57 Penson RT, Joel SP, Bakhshi K, Clark SJ, Langford RM, Slevin ML. Ran-
domized placebo-controlled trial of the activity of the morphine
glucuronides. Clin Pharmacol Ther 2000; 68: 667–76

58 Romberg R, van Dorp E, Hollander J, et al. A randomized, double-
blind, placebo-controlled pilot study of IV morphine-6-glucuronide
for postoperative pain relief after knee replacement surgery. Clin J
Pain 2007; 23: 197–203

59 Hanna MH, Elliott KM, Fung M. Randomized, double-blind study of
the analgesic efficacy of morphine-6-glucuronide versus morphine

sulfate for postoperative pain in major surgery. Anesthesiology
2005; 102: 815–21

60 van Dorp EL, Romberg R, Sarton E, Bovill JG, Dahan A. Morphine-6-
glucuronide: morphine’s successor for postoperative pain relief?
Anesth Analg 2006; 102: 1789–97

61 Abbott FV, Palmour RM. Morphine-6-glucuronide: analgesic effects
and receptor binding profile in rats. Life Sci 1988; 43: 1685–95

62 Frances B, Gout R, Monsarrat B, Cros J, Zajac JM. Further evidence
that morphine-6 beta-glucuronide is a more potent opioid
agonist than morphine. J Pharmacol Exp Ther 1992; 262: 25–31

63 Gardmark M, Hammarlund-Udenaes M. Delayed antinociceptive
effect following morphine-6-glucuronide administration in the
rat—pharmacokinetic/pharmacodynamic modelling. Pain 1998;
74: 287–96

64 Skarke C, Darimont J, Schmidt H, Geisslinger G, Lotsch J. Analgesic
effects of morphine and morphine-6-glucuronide in a transcutane-
ous electrical pain model in healthy volunteers. Clin Pharmacol Ther
2003; 73: 107–21

65 Tegeder I, Meier S, Burian M, Schmidt H, Geisslinger G, Lotsch J. Per-
ipheral opioid analgesia in experimental human pain models. Brain
2003; 126: 1092–102

66 Romberg R, Olofsen E, Sarton E, Teppema L, Dahan A. Pharmacody-
namic effect of morphine-6-glucuronide versus morphine on
hypoxic and hypercapnic breathing in healthy volunteers. Anesthe-
siology 2003; 99: 788–98

67 Hanna MH, Peat SJ, Knibb AA, Fung C. Disposition of morphine-6-
glucuronide and morphine in healthy volunteers. Br J Anaesth
1991; 66: 103–7

68 Wu D, Kang YS, Bickel U, Pardridge WM. Blood–brain barrier perme-
ability to morphine-6-glucuronide is markedly reduced compared
with morphine. Drug Metab Dispos 1997; 25: 768–71

69 Bickel U, Schumacher OP, Kang YS, Voigt K. Poor permeability of
morphine 3-glucuronide and morphine 6-glucuronide through
the blood–brain barrier in the rat. J Pharmacol Exp Ther 1996;
278: 107–13

70 Sarton E, Olofsen E, Romberg R, et al. Sex differences in morphine
analgesia: an experimental study in healthy volunteers. Anesthesi-
ology 2000; 93: 1245–54; discussion 6A

71 Lambert DG, Atcheson R, Hirst RA, Rowbotham DJ. Effects of mor-
phine and its metabolites on opiate receptor binding, cAMP forma-
tion and [3H]noradrenaline release from SH-SY5Y cells. Biochem
Pharmacol 1993; 46: 1145–50

72 Brown GP, Yang K, Ouerfelli O, Standifer KM, Byrd D, Pasternak GW.
3H-morphine-6beta-glucuronide binding in brain membranes
and an MOR-1-transfected cell line. J Pharmacol Exp Ther 1997;
282: 1291–7

73 SchmidtN, Brune K, Geisslinger G. Opioid receptoragonist potencies
of morphine and morphine-6-glucuronide in the guinea-pig ileum.
Eur J Pharmacol 1994; 255: 245–7

74 Bartlett SE, Smith MT. The apparent affinity of morphine-3-
glucuronide at mu1-opioid receptors results from morphine con-
tamination: demonstration using HPLC and radioligand binding.
Life Sci 1995; 57: 609–15

75 Lewis SS, Hutchinson MR, Rezvani N, et al. Evidence that intrathecal
morphine-3-glucuronide may cause pain enhancement via toll-like
receptor 4/MD-2 and interleukin-1beta. Neuroscience 2010; 165:
569–83

76 Shimomura K, Kamata O, Ueki S, Ida S, Oguri K. Analgesic effect of
morphine glucuronides. Tohoku J Exp Med 1971; 105: 45–52

Handling editor: L. Colvin

BJA Klimas and Mikus

944

 by John V
ogel on N

ovem
ber 29, 2014

http://bja.oxfordjournals.org/
D

ow
nloaded from

 

http://bja.oxfordjournals.org/
<iAnnotate iPad User>
Highlight



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile ()
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.5
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings false
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /Courier-Oblique
    /Helvetica
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Oblique
    /Symbol
    /Times-Bold
    /Times-BoldItalic
    /Times-Italic
    /Times-Roman
    /ZapfDingbats
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG2000
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 20
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG2000
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 20
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages true
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 175
  /MonoImageDepth 4
  /MonoImageDownsampleThreshold 1.50286
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /ENU ()
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


