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The Metabolism of Phenolic Opiates by Rat Intestine 
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1. A range of phenolic opiate agonists and antagonists undergo conjugation 
during passage across the rat intestine. 

2. The efficiency of conjugation, mediated by gut UDP-glucuronyltransferase, 
is a function of the lipophilicity of the substrate. 

3. Conjugation of lipophilic substrates such as buprenorphine and etorphine 
in rat intestinal mucosa is such that the gut wall must be regarded as the primary 
site of metabolism of these compounds after oral administration. 

4. N-Dealkylation of the N-cyclopropylmethyl opiate, buprenorphine, has 
been demonstrated in rat gut sacs though dealkylation of N-methyl substrates 
was not detected. 

Introduction 
A relative lack of oral activity has long been a problem associated with opiate 

drugs (Houde, Wallenstein & Beaver, 1965), low oral efficacy frequently being 
associated with the presence of a phenolic function. For example, the lowered 
availability of morphine after oral administration in man has been elegantly 
demonstrated in pharmacokinetic terms by Brunk and IUelle (1975), who showed 
that plasma levels of unmetabolized drug following an oral dose of morphine were 
an order of magnitude lower than those obtained after the same dose administered 
by three different parenteral routes. I t  has been postulated that the low oral 
efficacy is due to poor absorption of the drug from the gastro-intestinal tract 
(Way & Adler, 1962), but studies in both animals and man have shown this not 
to be so (Cochin e t  al., 1954; Brunk & Delle, 1975). I t  follows therefore that 
the low peripheral availability of morphine after oral administration is probably 
due to its metabolism during a 'first pass ' through gut wall and liver. 

The presence of a phenolic function in morphine-like compounds appears to  
be beneficial to their activity. It is, however, this functional group which appears 
to be responsible for the observed first pass effect in many cases, since conjugation 
takes place readily at this site. In the past, the major organ responsible for first 
pass metabolism has been assumed to be the liver, and hepatic metabolism of 
opiates has been extensively studied and reviewed (Way & Adler, 1960 ; Scrafani 
& Clouet, 1971). Although the drug-metabolizing capacity of the gut mucosa 
has been known for many years (Hartiala, 1973), it is only recently that the 
involvement of the intestinal wall in the biotransformation of opiates has been 
observed (Del Villar, Sanchez & l'ephly, 1974). 

* Present address: Drug Metabolism Department, Allen and Hanbury Research Ltd., 
Priory Road, Ware, Herts, U.K. 
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The capacity of the intestinal mucosa to carry out phase two metabolism of 
drugs is becoming the subject of an increasing amount of study and recent reports 
of the conjugation of phenol (Powell et al., 1974), isoetharine (Williams et al., 
1974), isoprenaline (George, Blackwell & Davies, 1974), 1-naphthol (Bock & 
Winne, 1975), paracetamol and morphine (Josting, Winne & Bock, 1976) in 
whole animals have all established the gastro-intestinal tract as a major site of phase 
two metabolism. In  the light of this work, a preliminary investigation of the role 
of the gut in the metabolism of three phenolic analgesics, dihydromorphine, 
etorphine and buprenorphine, was undertaken and leads to the speculation that 
lipophilicity might be a determining factor with regard to the efficiency of gut 
UDP-glucuronyl transferase activity (Rance & Shillingford, 1976). These 
studies, which have been extended to include a total of five opiates, dihydro- 
morphine (I), naloxone (II), diprenorphine (111), etorphine (IV) and buprenor- 
phine (V) (Fig. 1) are reported here in full. 

H O B ,  0 Hl@, 

NR NR _--  
R ‘  X - - -  
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,04,Ye 

(I) R-Me, R’=H. (111) R=cyclopropylmethyl, R’-Me, X=CH2CH2. 

(IV) R==Me, R’-n-Pr, X=CII=CH. (11) R=allyl, R’=OH, 6=-one. 

(V) R == cyclopropylmethyl, R’= t-Bu, X = CH,CH,. 

Fig. 1. Structures of opiates studied. 

Materials and methods 
Radio chemical methods 

[1,7,8(n)-3H]Dihydromorphine (70 Ci/mmol) was supplied by the Radio- 
chemical Centre, Amersham. [15, 16(n)-3H]Diprenorphine (5.68 Ci/mmol), 
[15, 16(n)-3H]etorphine (30 Ci/mmol) and [15, 16(n)-3H]buprenorphine (28 
Ci/mmol) were synthesized by the method of Lewis, Rance and Young, (1974). 
[15-3H]Naloxone (4 Ci/mmol) was generously given by Professor H. W. 
Kosterlitz. 

The  radiochemical purity of all the labelled compounds was shown to be 
> 95% by t.1.c. on Kieselgel F,,, plates using ( a )  n-butanolLacetic acid-water 
(20 : 5 : 8), and ( h )  ethyl acetate-methanol (85 : 15) as developing solvents. 
Samples of drug solutions and biological fluids were diluted to 1.0 ml with water 
before addition to NE 260 (10 ml ; Nuclear Enterprises Ltd.) for counting. 
Counting efficiencies were determined by internal standardization with [3H]- 
hexadecane. All samples were counted in a Packard 2450 or a Packard 3003 
scintillation spectrometer. 
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Chromatographic methods 
Plasma samples were diluted (SO:/, v/v) with methanol to precipitate proteins 

which were removed by centrifugation. Samples of serosal fluids and plasma 
supernatants were applied to t.1.c. plates (0.25 mm Kieselgel HF254, Merck Ag) 
and developed with solvents ( a )  or (b) .  

Authentic compounds and the N-dealkylated products, noretorphine and 
norbuprenorphine, were also applied to plates and visualized under U.V. light. 
Bands (1 cm) of silica gel were removed and counted in suspension in water 
(2 ml) and an aliquot ( 5  ml) ofasolutionof 2-(4’-t-butylphenyl)-5-(4”-biphenylyl)- 
1,3,4-oxadiazole (7.5 g)  in Triton X-100 (334ml) and toluene (666 ml). 

Samples containing conjugated species were diluted with citrate buffers 
(pH 5.0; pH 6.S), ca. 100 units of P-glucuronidase (Type HI ; Type 1 ; Sigma) 
or sulphatase (Sigma) added and the mixture incubated overnight. Saccharo- 
1,4-lactone was added in some cases to inhibit ,8-glucuronidase activity. The  
hydrolysates were extracted with chloroform ( 5  ml), the organic layer taken to 
small volume and applied to silica plates which were analysed for radioactivity 
as above. 

Everted gut studies 
The 

rat was killed by cervical dislocation and a length of small intestine removed, 
everted and cut into segments (5 cm) which were kept in isotonic saline gassed 
with 0,-CO, (95 : 5 )  during subsequent manipulations. The  intestinal segments 
were rinsed with isotonic saline to remove food and bacterial contaminants. 
Sacs 4cm in length were filled with citrate-phosphate buffer (0.154~1, pH7.4, 
1.0 ml) containing glucose (0.5% w/v) and incubated at 37” in an aliquot ( 5  ml) 
of the same buffer solution containing the radiolabelled drug. Drug and metab- 
olites in serosal fluid were separated by t.1.c. and assayed radiochemically as 
described above. 

The  general procedure used was that of Wilson and Wiseman (1954). 

Absovption studies in situ 
A modification of the method of Doluisio et al. (1970) was used. Albino male 

rats (Sprague-Dawley, Bantin and Kingman ca. 200 g), fasted overnight but 
allowed water ad libitum, were anaesthetized with urethane (2.5% W/V in saline). 
The  small intestine was exposed by a midline abdominal incision and a poly- 
ethylene cannula (2.5 mmi.d., 3.5 mm0.d.) was inserted into duodenal and ileal 
ends. A syringe (SO ml) fitted with a threc way tap was attached to the duodenal 
cannula and the intestinal lumen was cleared of particulate matter by slow intro- 
duction of solution from the syringe. A duplicate syringe was affixed to the ileal 
cannula and 0.15 M Smensens phosphate buffer (pH 7.4, 10 ml) containing the 
radiolabelled drug was introduced into the small intestine. Portal venous blood 
was sampled by the introduction of a fine injection needle connected to  a polythene 
cannula (Portex P P  25). Samples (0.2ml) of portal blood were taken every 
10 min and plasma separated by centrifugation. Plasma was assayed radio- 
chemically for drug and metabolites as described above. 

Results 
The rate of transfer of the five opiate drugs across the intestinal mucosa of the 

rat everted gut sac is shown in Table 1, together with the percentage of the free 
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Table 1. Absorption of "-opiates in aitro in the rat everted gut sac preparation. 

o/ Drug luminal Rate of absorption / 0 

Drug concentration of drug-related Free drug O,/,Dealkylation 
(pgiml) material absorbed 

(pg drug equivalent/h) 

1 0.32 f 0.04 3 .4k0 .3  11.5k1.8 
Bupren orphine 5 2.68 fO.10 15.2f0.4 22.2k3.6 

10 4.25 0.3 1 20.0 k 1.9 24.6 i: 1 *7 

1 0.39 i 0.07 3.3 & 0.2 - 

10 4.25 f 0,26 30.1 f 4.3 - 
- Etorphine 5 2.85 f 0.08 6.2 k 0.4 

1 0.91 k 0.20 19.3 f 2.3 5.2 k 0.7" 
Diprenorphine 5 3.70 f 0.31 25.9 f 0.9 8.3 f 3.4" 

10 5.92 & 0.36 51.3 24 .7  11.6 k 1.9" 

Naloxone 

~~ 

- 1 0.70 i 0.04 56.4 k 5-1 
5 3.33 k 0.34 62.4 +- 1.6 - 

10 4.70 k 0.68 61,Ok 5.0 - 

~ ~ ~ 

1 0.22 f 0.03 85.5 i 0 . 8  - 
Dihydromorphine 5 1.60 k 0.11 86.8 i 2.4 - 

10 3.22 f 0.1 7 90.7 i 1.9 - 
____-__ __ ___-______ 

Results are means S.E., n>4 .  
"Unidentified metabolite, possibly the nor compound. 

drug found in the serosal fluid in each case. T h e  remainder of the radioactivity 
in the serosal fluid was present as polar conjugates in all cases. T h e  conjugates 
were readily cleaved by P-glucuronidase and the hydrolysis was inhibited by 
saccharo-l,4-lactone indicating that the major conjugating species was glucuronic 
acid. The  principle conjugated species formed in the intact rat after oral 
administration of buprenorphine is also the glucuronic acid conjugate (Jordan 
and Rance, unpublished). Hydrolysis by the sulphatase enzyme was low 
showing minimal sulphate ester formation with the substrates used. Chromato- 
graphic examination of the products of /3-glucuronidase hydrolysis indicated the 
presence of the N-dealkylation product of buprenorphine (norbuprenorphine). 
No N-dealkylation was detected with the N-methyl compounds, dihydromorphine 
and etorphine, nor with naloxone which possesses an N-ally1 function. With 
diprenorphine, which has, in common with buprenorphine, an N-cyclopropyl- 
methyl group, an unidentified metabolite was detected in low amounts which 
might be the nor compound derived from this substrate. Table 2 presents the 
results of the studies carried out in situ using the two drugs (dihydromorphine 
and buprcnorphine) of most widely different lipophilicity (Table 3). T h e  results 
are expressed as total plasma levels of drug-related material present in the portal 
system together with the percentages of that material which were present as the 
unchanged drug. 

X
en

ob
io

tic
a 

D
ow

nl
oa

de
d 

fr
om

 in
fo

rm
ah

ea
lth

ca
re

.c
om

 b
y 

V
al

er
y 

R
ic

hm
an

 o
n 

10
/2

4/
14

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.

Page 4
f 

 

Find authenticated court documents without watermarks at docketalarm.com. 

https://www.docketalarm.com/


T
ab

le
 2

. 
P

or
ta

l 
ve

in
 p

la
sm

a 
le

ve
ls

 o
f 

[3
H

]b
up

re
no

rp
hi

ne
, [3

H
]d

ih
yd

ro
m

or
ph

in
e a

n
d

 c
on

ju
ga

te
s 

af
te

r 
ab

so
rp

ti
on

 o
f 

th
e 

dr
ug

s 
fr

om
 t

he
 r

at
 is

ol
at

ed
 s

m
al

l 
in

te
st

in
e 
in
 s

itu
 

B
up

re
n 

or
ph

in
e 

D
ih

yd
ro

m
or

ph
in

e 
D

ru
g

 
co

nc
en

tr
at

io
n 

in
 s

m
al

l 
in

te
st

in
e"

 

(p
g/

m
l)

 
eq

ui
va

le
nt

/m
l)

 
eq

ui
va

le
nt

/m
l)

 

T
im

e 
P

la
sm

a 
le

ve
l 

of
 

yo
 fr

ee
 d

ru
g 

P
la

sm
a 

le
ve

l 
of

 
04 

fr
ee

 d
ru

g 
(m

in
) 

to
ta

l 
ra

di
oa

ct
iv

it
y 

to
ta

l 
ra

di
oa

ct
iv

it
y 

(p
g 

bu
pr

en
or

ph
in

e 
(p

g 
di

hy
dr

om
or

ph
in

e 

10
 

0.
06

 (0
.0

4-
0.

07
) 

--t 
0.

01
4 

(0
'0

09
-0

.0
16

) 
41

.2
 (3

4.
1-

50
.1

) 
20

 
0.

1 
1 

(0
.0

9-
0.

14
) 

-
 

0.
02

4 
(0

.0
21

-0
.0

27
) 

38
.8

 (
36

44
3.

4)
 

40
 

0.
08

 (0
.0

6-
0.

09
) 

-
 

0.
04

8 
(0

.0
39

-0
.0

52
) 

40
.2

 (
33

.1
32

.0
) 

1 .o
 

30
 

0.
12

 (0
.0

9-
0.

15
) 

-
 

0,
04

3 (
0.

03
6-

0.
05

0)
 

36
.7

 (
31

.0
42

.1
) 

50
 

0'
03

6 
(0

.0
28

-0
.0

40
) 

39
.9

 (3
7.

04
5.

7)
 

10
 

0.
37

 (0
'3

04
.6

6)
 

10
.1

 (3
.3

-1
3.

4)
 

0'
03

4 
(0

'0
28

-0
.0

36
) 

41
.8

 (3
2.

6-
53

.5
) 

20
 

0.
55

 (0
.4

5-
0.

73
) 

14
.2

 (8
.2

-2
0.

2)
 

0.
04

4 
(0

.0
40

-0
.0

48
) 

35
.4

 (2
7'

34
2.

9)
 

30
 

0.
54

 (0
.4

0-
0.

65
) 

13
.5

 (9
.6

-2
0.

1)
 

0.
07

9 
(0

.0
72

-0
.0

84
) 

39
.9

 (3
7.

64
3.

1)
 

10
.0

 
40

 
0.

61
 (0

.4
2-

0.
73

) 
9.

5 
(7

.8
-1

5.
0)

 
0.

08
6 

(0
.0

82
-0

.0
94

) 
41

.6
 (

38
.0

46
'7

) 
50

 
0.

55
 (0

.3
2-

0.
78

) 
9.

3 
(6

.6
-1

5.
5)

 
0.

09
4 

(0
'0

90
-0

'0
98

) 
40

.2
 (4

0.
04

5.
9)

 

-_
__

 

R
es

ul
ts

 a
re

 m
ea

ns
 o

f 
3 

ex
pe

ri
m

en
ts

. 
R

an
ge

s 
in

 p
ar

en
th

es
es

. 

* T
ot

al
 v

ol
um

e 
in

tr
od

uc
ed

 i
nt

o 
th

e 
sm

al
l 

in
te

st
in

e 
w

as
 1

0.
0 

m
l 

in
 e

ac
h 

ca
se

. 
-f 

N
o 

fr
ee

 d
ru

g 
de

te
ct

ed
 

0
 

%
. f?. (b
 

ir
 2
 

2 w
. 
N
.
 

m
 x ul
 

w
 

w
 

X
en

ob
io

tic
a 

D
ow

nl
oa

de
d 

fr
om

 in
fo

rm
ah

ea
lth

ca
re

.c
om

 b
y 

V
al

er
y 

R
ic

hm
an

 o
n 

10
/2

4/
14

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.

Page 5
f 

 

Find authenticated court documents without watermarks at docketalarm.com. 

https://www.docketalarm.com/


Real-Time Litigation Alerts
	� Keep your litigation team up-to-date with real-time  

alerts and advanced team management tools built for  
the enterprise, all while greatly reducing PACER spend.

	� Our comprehensive service means we can handle Federal, 
State, and Administrative courts across the country.

Advanced Docket Research
	� With over 230 million records, Docket Alarm’s cloud-native 

docket research platform finds what other services can’t. 
Coverage includes Federal, State, plus PTAB, TTAB, ITC  
and NLRB decisions, all in one place.

	� Identify arguments that have been successful in the past 
with full text, pinpoint searching. Link to case law cited  
within any court document via Fastcase.

Analytics At Your Fingertips
	� Learn what happened the last time a particular judge,  

opposing counsel or company faced cases similar to yours.

	� Advanced out-of-the-box PTAB and TTAB analytics are  
always at your fingertips.

Docket Alarm provides insights to develop a more  

informed litigation strategy and the peace of mind of 

knowing you’re on top of things.

Explore Litigation 
Insights

®

WHAT WILL YOU BUILD?  |  sales@docketalarm.com  |  1-866-77-FASTCASE

API
Docket Alarm offers a powerful API 
(application programming inter-
face) to developers that want to 
integrate case filings into their apps.

LAW FIRMS
Build custom dashboards for your 
attorneys and clients with live data 
direct from the court.

Automate many repetitive legal  
tasks like conflict checks, document 
management, and marketing.

FINANCIAL INSTITUTIONS
Litigation and bankruptcy checks 
for companies and debtors.

E-DISCOVERY AND  
LEGAL VENDORS
Sync your system to PACER to  
automate legal marketing.


