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Abstract

Background & purpose Morphine is important for treatment of acute and chronic pain. However, there is high interpatient

variability and often inadequate pain relief and adverse effects. To better understand variability in the dose effect relationships

of morphine, we investigated the impact of its nonlinear blood-brain-barrier (BBB) transport on mu-opioid receptor (μ-OR)

occupancy in different CNS locations, in conjunction with its main metabolites that bind to the same receptor. Methods CNS

exposure profiles for morphine, M3G and M6G for clinically relevant dosing regimens based on intravenous, oral immediate-

and extended-release formulations were generated using a CNS PBPK model which incorporated nonlinear BBB transport of

morphine. The simulated CNS exposure profiles were then used to derive corresponding μ-OR occupancies at multiple CNS

pain matrix locations. Results The simulated CNS exposure profiles for morphine, M3G and M6G, associated with nonlinear

BBB transport of morphine resulted in varying μ-OR occupancies between the different dose regimens, formulations, and CNS

locations. We find that at lower doses, the μ-OR occupancy of morphine was relatively higher than at higher doses of morphine,

due to the relative contribution of M3G and M6G. At such higher doses, M6G showed higher occupancy than morphine, whereas

M3G occupancy was low throughout the dose ranges. Conclusion and implications Nonlinear BBB transport of morphine

influences the μ-OR occupancy ratios of morphine and its metabolites, depending on dose and route of administration, and

CNS location. This may impact the clinical effects of morphine treatment for pain relief.

Hosted file

Main Text File_v4.00.docx available at https://authorea.com/users/624069/articles/646530-

nonlinear-blood-brain-barrier-transport-and-dosing-strategies-influence-receptor-

occupancy-ratios-of-morphine-and-its-metabolites-in-pain-matrix

Hosted file

Table 1.docx available at https://authorea.com/users/624069/articles/646530-nonlinear-blood-

brain-barrier-transport-and-dosing-strategies-influence-receptor-occupancy-ratios-of-

morphine-and-its-metabolites-in-pain-matrix

Hosted file

Table 2.docx available at https://authorea.com/users/624069/articles/646530-nonlinear-blood-

brain-barrier-transport-and-dosing-strategies-influence-receptor-occupancy-ratios-of-

morphine-and-its-metabolites-in-pain-matrix

Hosted file

1

https://authorea.com/users/624069/articles/646530-nonlinear-blood-brain-barrier-transport-and-dosing-strategies-influence-receptor-occupancy-ratios-of-morphine-and-its-metabolites-in-pain-matrix
https://authorea.com/users/624069/articles/646530-nonlinear-blood-brain-barrier-transport-and-dosing-strategies-influence-receptor-occupancy-ratios-of-morphine-and-its-metabolites-in-pain-matrix
https://authorea.com/users/624069/articles/646530-nonlinear-blood-brain-barrier-transport-and-dosing-strategies-influence-receptor-occupancy-ratios-of-morphine-and-its-metabolites-in-pain-matrix
https://authorea.com/users/624069/articles/646530-nonlinear-blood-brain-barrier-transport-and-dosing-strategies-influence-receptor-occupancy-ratios-of-morphine-and-its-metabolites-in-pain-matrix
https://authorea.com/users/624069/articles/646530-nonlinear-blood-brain-barrier-transport-and-dosing-strategies-influence-receptor-occupancy-ratios-of-morphine-and-its-metabolites-in-pain-matrix
https://authorea.com/users/624069/articles/646530-nonlinear-blood-brain-barrier-transport-and-dosing-strategies-influence-receptor-occupancy-ratios-of-morphine-and-its-metabolites-in-pain-matrix
https://authorea.com/users/624069/articles/646530-nonlinear-blood-brain-barrier-transport-and-dosing-strategies-influence-receptor-occupancy-ratios-of-morphine-and-its-metabolites-in-pain-matrix
https://authorea.com/users/624069/articles/646530-nonlinear-blood-brain-barrier-transport-and-dosing-strategies-influence-receptor-occupancy-ratios-of-morphine-and-its-metabolites-in-pain-matrix
https://authorea.com/users/624069/articles/646530-nonlinear-blood-brain-barrier-transport-and-dosing-strategies-influence-receptor-occupancy-ratios-of-morphine-and-its-metabolites-in-pain-matrix


P
os
te
d
on

31
M
ay

20
23

—
T
h
e
co
p
y
ri
gh

t
h
ol
d
er

is
th
e
au

th
or
/f
u
n
d
er
.
A
ll
ri
gh

ts
re
se
rv
ed
.
N
o
re
u
se

w
it
h
ou

t
p
er
m
is
si
on

.
—

h
tt
p
s:
//
d
oi
.o
rg
/1
0.
22
54
1/
au

.1
68
55
17
15
.5
63
37
33
5/
v
1
—

T
h
is

a
p
re
p
ri
n
t
a
n
d
h
as

n
ot

b
ee
n
p
ee
r
re
v
ie
w
ed
.
D
a
ta

m
ay

b
e
p
re
li
m
in
a
ry
.

Table 3.docx available at https://authorea.com/users/624069/articles/646530-nonlinear-blood-

brain-barrier-transport-and-dosing-strategies-influence-receptor-occupancy-ratios-of-

morphine-and-its-metabolites-in-pain-matrix

2

https://authorea.com/users/624069/articles/646530-nonlinear-blood-brain-barrier-transport-and-dosing-strategies-influence-receptor-occupancy-ratios-of-morphine-and-its-metabolites-in-pain-matrix
https://authorea.com/users/624069/articles/646530-nonlinear-blood-brain-barrier-transport-and-dosing-strategies-influence-receptor-occupancy-ratios-of-morphine-and-its-metabolites-in-pain-matrix
https://authorea.com/users/624069/articles/646530-nonlinear-blood-brain-barrier-transport-and-dosing-strategies-influence-receptor-occupancy-ratios-of-morphine-and-its-metabolites-in-pain-matrix


P
os
te
d
on

31
M
ay

20
23

—
T
h
e
co
p
y
ri
gh

t
h
ol
d
er

is
th
e
au

th
or
/f
u
n
d
er
.
A
ll
ri
gh

ts
re
se
rv
ed
.
N
o
re
u
se

w
it
h
ou

t
p
er
m
is
si
on

.
—

h
tt
p
s:
//
d
oi
.o
rg
/1
0.
22
54
1/
au

.1
68
55
17
15
.5
63
37
33
5/
v
1
—

T
h
is

a
p
re
p
ri
n
t
a
n
d
h
as

n
ot

b
ee
n
p
ee
r
re
v
ie
w
ed
.
D
a
ta

m
ay

b
e
p
re
li
m
in
a
ry
.

3



P
os
te
d
on

31
M
ay

20
23

—
T
h
e
co
p
y
ri
gh

t
h
ol
d
er

is
th
e
au

th
or
/f
u
n
d
er
.
A
ll
ri
gh

ts
re
se
rv
ed
.
N
o
re
u
se

w
it
h
ou

t
p
er
m
is
si
on

.
—

h
tt
p
s:
//
d
oi
.o
rg
/1
0.
22
54
1/
au

.1
68
55
17
15
.5
63
37
33
5/
v
1
—

T
h
is

a
p
re
p
ri
n
t
a
n
d
h
as

n
ot

b
ee
n
p
ee
r
re
v
ie
w
ed
.
D
a
ta

m
ay

b
e
p
re
li
m
in
a
ry
.

4


