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Abstract

This study was performed to assess the pharmacokinetics of morphine and its major metabolites after its rectal or colostomal
administrationin rectal-resected (ROP) or colostoma-constructed (SOP) rabbits, respectively. The pharmacokinetics of morphine,
morphine-3-glucuronide (M3G), and M6G in normal rabbits appeared to be similar to those in human, judging from their plasma
concentration—time profiles and the susceptibility of morphine to first-pass metabolism. In SOP, but not ROP, rabbits, the plasma
concentrations of morphine, M3G and M6G were significantly increased compared with those in normal rabbits. The AUC of
morphine and its metabolites, and thevalue of the former in the SOP group were greater than those in the control group,
while the elimination half-life ) values were comparable in the two groups. In addition, the disposition of morphine and its
metabolites after intravenous (i.v.) administration to SOP rabbits was almost the same as that in normal rabbits, suggesting that
an increase in the rate of absorption of morphine in SOP rabbits was not due to inflammation at the absorption site caused by
operation, but probably due to its increased solubility in loose stools. Therefore, great attention should be paid when morphine
suppositories are intracolostomally administered to colostoma-constructed patients.
© 2003 Elsevier B.V. All rights reserved.
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1. Introduction pain due to infiltration and/or metastasis of the tumors.
Therefore, together with such therapies or at the termi-
The standard therapy regimens for tumors, espe- nal stage, palliative care is important for the mainte-
cially solid tumors including colorectal ones, con- nance of a patient’s QOLWorld Health Organization,
sist mainly of surgical operation, chemotherapy and 1996.
radiotherapy Buyse et al., 1988; Scheithauer et al., Morphine is the most important, strong opioid
1993; Douilard et al., 2090 Although these thera- analgesic presently available, and its use is increas-
pies lead to superior outcomes, there are a numbering. The guidelines of WHO for pain management
of patients with progressive tumors who suffer from recommend its oral administration. However, when
oral administration is difficult due to nausea, vomit-
"~ Corresponding author. Tels 81-75-595-4648; ing or ileus, morph?ne is administereo_l intra_lver}(_)usly,
fax: 4+81-75-595-4756. subcutaneously or intrarectally. The bioavailability of
E-mail addressnagasawa@mb.kyoto-phu.ac.jp (K. Nagasawa). reCtaIIy administered morphine has been shown to
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be higher than that of orally administered morphine,
which is thought to be due to the avoidance of hep-
atic first-pass elimination with this routé&lare and
Walsh, 199). Thus, considering a patient’s QOL, the
rectal route is one of the most useful ones.

On the other hand, rectal administration may be
difficult or even impossible in patients in whom the

rectum has been excised, or in whom it is diseased.
When those patients complain of pain, the colostoma-
lly administered morphine suppositories has been sug-
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2.2. Animals

Male Japanese white rabbits (Japan SLC Inc.,
Hamamatsu, Japan) were used. All experiments were
approved by the Experimental Animal Research Com-
mittee of Kyoto Pharmaceutical University, and were
performed according to the Guideline for Animal
Experimentation of Kyoto Pharmaceutical University.

In the intravenous (i.v.), intrarectal (i.r.), and intra-
colostomal (i.s.) administration experiments, animals

gested. However, to our knowledge, there has beenhad free access to water and were fasted overnight

only one case report on the bioavailability of mor-

phine suppositories given colostomally, but consistent

results were not obtained, that is, the bioavailabil-
ity of morphine increased in some patients, but de-

(about 24 h) prior to the experiments.

In the oral (p.o.) administration experiments, rabbits
were pretreated by the method describedMgyeda
et al. (1977) Briefly, rabbits were fed with a special

creased in others, and the reason for this discrepancydiet, which was prepared by removing alfalfa from a

was not fully clarified Hajsted et al., 1990 Thus, a
systematic study on the bioavailability of colostoma-

commercial solid diet (RC4; Oriental Yeast Co., Ltd.,
Tokyo, Japan), for a week of conditioning before the

lly administered morphine suppositories has not been p.o. study. After being fasted overnight with water ad

performed yet.

Therefore, in this study, we examined the pharma-
cokinetics of morphine after administration of mor-
phine suppositories intrarectally and intracolostomally

libitum, a rubber stomach tube, 25cm in length and
5mm in external diameter with a large hole on the
side of the tip, was inserted into the stomach, and
then 50 ml of warmed saline (3C) was instilled. The

to rectal-resected (ROP) and colostoma-constructedfluid in the stomach was then withdrawn by suction

(SOP) rabbits, respectively, which have been demon-

strated to be very useful model animaiagasawa et
al., 2001, 200 Furthermore, to evaluate the effect of
difference of the administration routes on metabolism
of morphine, we determined the disposition of the
two major inactive and active metabolites of mor-
phine, morphine-3-glucuronide (M3G) and M6G, re-
spectively.

2. Experimental section
2.1. Materials

Pure morphine hydrochloride was obtained from
Shionogi & Co., Ltd. (Osaka, Japan). M3G and M6G
were kind gifts from Mr. Syu Yuasa (Department
of Pharmacy, Nagoya Memorial Hospital, Nagoya,
Japan). Nalbuphine powder (Internal standard for
HPLC) and Witepsol H-15 were purchased from
Sigma (St. Louis, MO, USA) and Maruishi Pharma-
ceutical Co., Ltd. (Osaka, Japan), respectively. All the

with a syringe. This procedure was repeated until the
fluid withdrawn contained hardly any solid material.
After gastric lavage, the rabbits were allowed water
ad libitum and muzzled to prevent coprophagy during
the night.

2.3. Animal operation

In the experiments involving ROP or SOP rabbits,
the rabbits were surgically operated on as reported
previously Nagasawa et al., 2001, 200Briefly, un-
der pentobarbital anesthesia (50 mg/kg, i.v.), midline
laparotomy was performed. The arteries and veins in
the mesorectum governing the resected rectum por-
tion (approximately 10cm length from 10cm from
the anus) were ligated, and then the portion in which
the governing vessels had been ligated was resected.
In ROP rabbits, the upper (oral side) and lower (anal
side) ends resulting from the resection were occluded
by the Albert—Lembert method. On the other hand, in
SOP rabbits, after resection of the rectal portion, the
remaining lower end (anal side) was ligated, and a

other chemicals were commercial products of reagent colostoma was constructed using the upper end (oral

grade.

side) at the abdomen midline following the Hartmann
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method. After the operation, the rabbits were allowed eluate being collected for analysis. The methanol was
water ad libitum and fasted overnight, the experiments evaporated under a stream of nitrogen gas at@0
being performed on the next day. After the experi- The dried residue was then reconstituted in {LO6f
ments, an autopsy was performed, the leakage of rec-the mobile phase described below, and.20f which
tal contents, the blood circulation and the pathological was injected into the HPLC column. The extraction
condition of the operated portion being examined. efficiencies for morphine, M3G and M6G were 90%
or more (data not shown).
2.4. Animal experiments
2.6. HPLC conditions
An i.v. bolus of an aqueous morphine solution
(20 mg/ml/kg) was injected via an ear vein (20 mg/kg). Morphine, M3G and M6G were assayed un-
In the p.o. administration experiments, the same mor- der the HPLC conditions described IG3lare et al.
phine solution as in the case of i.v. administration was (1991) and adapted to our laboratory. The HPLC
administered orally via gastric intubation (40 mg/kg). system consisted of a Hitachi 655 pump equipped
A morphine suppository (40 mg/kg), which was pre- with a fluorescence spectrophotometer F-1150 (Hi-
pared using Witepsol H-15 as a suppository base astachi, Tokyo, Japan). The analytical conditions were
for the clinical formulation, was inserted into the as follows: column, a STR-ODS-Il one (Bn,
rectum (normal and ROP rabbits) or colostoma (SOP 250 mmx 4 mm i.d.; Shimadzu, Kyoto, Japan); mo-
rabbits), and then the anus or colostoma was immedi- bile phase, acetonitrile—-10 mM sodium dihydrogen
ately closed with adhesive (Aron Alpfiito prevent phosphate and 1 mM sodium dodecyl sulfate (pH ad-
expulsion of the suppository. This procedure resulted justed to 2.1 with phosphoric acid) (24:76, v/v); and
in no detectable leakage of the rectal contents during flow rate, 1.0ml/min. Fluorescence was measured
the experimental period. In all cases, blood samples at 210 nm (excitation) and 550 nm (emission). The
(approximately 1.0 ml) were collected directly from analysis was carried out at 36 for good separation.
an ear vein in heparinized disposable plastic syringes The retention times under these conditions were 7.9,
at 0.083, 0.25, 0.5, 1, 2, 4 and 6 h after each dose.10.7, 17.6 and 73.5min for M3G, M6G, morphine
The samples were immediately centrifuged, and the and nalbuphine, respectively. No interference peaks

plasma fractions obtained were stored-20°C until due to endogenous substances were observed for any

the assay. plasma samples. The ratios of the peak height of each
substance to that of the internal standard were plot-

2.5. Sample purification ted against known concentrations of substance, and

standard curves were generated by least-squares lin-

The plasma samples obtained were purified by the ear regression analysis. The standard curves obtained
method reported byason et al. (1991ith slight for morphine, M3G and M6G were linear over the
modifications. Sep-P&kPlus Gg cartridges (Waters,  concentration range of 0.1-2@/ml in plasma £* >
Milford) were used to prepare samples for HPLC anal- 0.999). The detection limit was generally 0.Q§/ml
ysis. Briefly, prior to use, the cartridges were primed and the coefficient of variation was less than 13%.
with 2 ml methanol followed by 2 ml water. To a 200
sample, 80 water, 250u] aqueous nalbuphine so- 2.7. Pharmacokinetic analysis
lution (internal standard), 1 ml 0.2 M borate buffer (pH
9.0), and 20wl 0.1 M pentane-1-sulphonic acid were The peak plasma concentratio@q{zx) and the
added. The samples and standards were then passetime to reachCmax (Tmax) for morphine, M3G and
through the cartridges and the eluate discarded. ThisM6G were determined from the actual observed data.
was followed by washing through 5ml water to re- The area under the plasma concentration—time curves
move molecules of greater polarity than morphine, (AUC) from 0 to 6h for them was calculated by
M3G, M6G and nalbuphine. Finally, 1 ml methanol, means of the trapezoidal rule. The bioavailabiligy (
which was used to extract the morphine, M3G, M6G of morphine was estimated by a standard method
and nalbuphine, was passed through the cartridge, thebased upon the dose and AUC values. The elimi-
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nation half-life ¢1,2) was obtained by dividing In2  after i.r. administration were 21.6% and 233/ml,
by the slope of the elimination phase in the plasma respectively, being significantly greater than those in

concentration—time curve. the p.o. group Table 1. There were no differences
in the AUC values for M3G and M6G between the
2.8. Statistical analysis i.v., p.o. and i.r. groups, and the ratio of AUC of

M3G or M6G to that of morphine (AUfzsc/AUCy or
Data are expressed as meaB E. Comparisons be-  AUCpwsc/AUCW, respectively) after p.o. administra-
tween groups were made by means of one-way anal- tion was significantly greater than that after i.v. admin-
ysis of variance followed by Fisher's Protected LSD istration. On the other hand, the Algs/AUCy\ and
test. Differences were considered to be statistically AUCusc/AUC\ values in the i.r. group were much

significant whenP < 0.05. lower than those in the p.o. group, and the former
value was not significantly different from that in the
i.v. group.

3. Results

3.2. i.r. and i.s. administration to ROP and SOP
3.1. i.v, p.o. and i.r. administration to normal rabbits  rabbits

To confirm the validity of rabbits for investigation of Fig. 2shows the plasma concentration—time profiles
the pharmacokinetics of morphine and its metabolites, of morphine, M3G and M6G after i.r. or i.s. adminis-
a morphine solution or suppository was i.v., p.o. or i.r. tration of a morphine suppository (40 mg/kg) in ROP
administered to normal rabbits. As depicted-ig. 1, or SOP rabbits, respectively. In the ROP group, the
the plasma concentrations of morphine after p.o. ad- plasma concentrations of morphine and its metabo-
ministration were apparently lower than those afteri.v. lites were almost the same as those in the normal
administration, despite the fact that the i.v. dose was group. However, after i.s. administration of morphine
half the p.o. one. On the other hand, the morphine con- suppositories to SOP rabbits, the morphine, M3G and
centrations in the i.r. group were significantly higher M6G concentrations were significantly higher than
than those in the p.o. group, and were almost equal those after i.r. administration to normal ones. There
to the concentrations in the i.v. group 2, 4 and 6 h af- were no differences in any of the parameters between
ter its administration. For M3G and M6G, contrary to the normal and ROP group3&ble 3. On the other
morphine, there were no apparent differences in their hand, theCnax, AUC andF of morphine, and th€max
concentrations among the administration routes.Hhe and AUC of M3G and M6G, but not AUfgsc/AUCMm
andCpmayx values of morphine after p.o. administration or AUCwsc/AUCNM, were significantly greater in the
were 5.73% and 0.4Q09g/ml, respectively, and those = SOP group compared with those in the normal group
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Fig. 1. The plasma concentration-time profiles of morphine, M3G and M6G after i.v. (20 mg/kg), p.o. or i.r. (40 mg/kg) administration of a
morphine solution or suppository to normal rabbits. Each point represents thetrBearfor three rabbits2P < 0.05,PP < 0.01 (vs. p.o.).
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Pharmacokinetic parameters of morphine, M3G and M6G after i.v., p.o. and i.r. administration of a morphine solution or suppository in

normal rabbits

p.o. (40 mg/kg)

i.r. (40 mg/kg)

Morphine

M3G

M6G

Parameter i.v. (20mg/kg)
Crmax (g/ml) -

Tmax (h) -

AUC (pghmi1) 7.49+ 1.38
F (%) 100+ 18.4
Crmax (ng/ml) -

Tmax (h) -

AUC (pghmi?1) 194 + 20.0
AUCpM3c/AUCMH 29.34+ 9.24
Crmax (g/ml) -

Tmax (h) -

AUC (pghmi1) 1.844 0.845
AUC\6c/AUCH 0.256+ 0.103

0.409+ 0.0994

0.278+ 0.121

0.859+ 0.196
573+ 1.31

71.8+ 132
1.33+ 0.333
209+ 18.8

258+ 33.17

0.561+ 0.135
1.33+ 0.333
1.42+ 0.0731
1.77+ 0.263

2.37+ 0.369
0.208+ 0.0420
3.24+ 0.73%
21.6+ 4.93

63.3+ 7.42
0.750+ 0.144
183.9+ 27.7
61.0+ 8.8¢°

1.18+ 0.160
0.521+ 0.18&

2.71+ 0.575
0.896+ 0.180:P

Each value represents the mea8.E. of three experiments.P < 0.05, Tp <0001 (vs.i.v.).2P < 0.05,°P < 0.01,°P < 0.001 (vs. p.0.).

(Table 3. The ty» values of morphine in the nor-
mal, ROP and SOP groups wer&7+0.15h, 191+
0.18 h and 155+ 0.12 h, those of M3G 234-0.05h,
1.76 £ 0.31h and 21+ 0.76 h, and those of M6G
2.66+0.34 h, 186+ 0.21 h and 125+ 0.18 h, respec-

physiological effects of the operation, a morphine so-
lution was i.v. administered to normal and SOP rabbits.
No apparent differences in the plasma concentrations
of morphine, M3G and M6G were observed between
the control and SOP groups (data not shown), and the

tively, and there were no differences in these values pharmacokinetic parameters also showed no signifi-

among the three groups.

3.3. i.v. administration to normal and SOP rabbits

cant differences between both the groupable 3.

Moreover, the; /, values of morphine, M3G and M6G

in the normal group were.9824+0.033 h, 121+0.27 h

and 394+ 1.24 h, respectively, and those in the SOP
In order to determine whether or not the increases in group 102+ 0.05h, 188+ 0.15h and 121+ 0.06 h,

the plasma concentrations of morphine and its metabo- respectively, no significant difference in these values

lites afteri.s. administration to SOP rabbits were due to being observed between the normal and SOP groups.

Morphine M3G
1000 -

7M6v

100

Plasma concentration (ug/mL)

Fig. 2. The plasma concentration—time profiles of morphine, M3G and M6G after i.r. or i.s. administration of a morphine suppository
(40 mg/kg) to normal, ROP or SOP rabbits. Each point represents the m8#n for three rabbits. The data for the normal group were

cited fromFig. 1 2P < 0.05,°P < 0.01, P < 0.001 (vs. normal)* P < 0.05, Tp< 0.01,#P < 0.001 (vs. ROP).
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Table 2
Pharmacokinetic parameters of morphine, M3G and M6G after i.r.
ROP or SOP rabbits
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or i.s. administration of a morphine suppository (40 mg/kg) in normal,

Parameter Normal (i.t) ROP (i.r) SOP (i.s.)
Morphine Crax (rg/ml) 2.37+ 0.365 1.81+ 0.480 5.84+ 0.158¢
Tmax (h) 0.208+ 0.0420 0.313+ 0.0630 0.25
AUC (nghmi1) 3.24+ 0.739 2.51+ 0.836 5.81+ 0.265°°
F (%) 21.6+ 4.93 16.7+ 5.58 38.7+ 1.77%°
M3G Crmax (p.g/ml) 63.3+ 7.42 58.6+ 10.8 140+ 7.60%¢
Tmax (h) 0.750+ 0.144 0.625+ 0.125 0.938+ 0.387
AUC (nghmi~1) 184 + 27.7 147+ 13.6 382+ 56.90¢
AUCm3c/AUCM 61.0+ 8.80 74.1+ 17.4 66.3+ 10.8
M6G Crax (rg/ml) 1.18+ 0.160 0.833+ 0.224 1.72+ 0.324
Tmax (h) 0.521+ 0.188 0.625+ 0.125 0.688+ 0.188
AUC (nghmi?1) 2.71+ 0.575 1.75+ 0.302 4.404 0.520-P
AUCMec/AUCM 0.896+ 0.180 0.848+ 0.228 0.759%+ 0.088

Each value represents the mearS.E. of three experimentstP < 0.05, Tp < 0.01, #P < 0.001 (vs. i.v.).2P < 0.05, °P < 0.01,

¢P < 0.001 (vs. p.0.).
1 Data were cited fronTable 1

Table 3

Pharmacokinetic parameters of morphine, M3G and M6G after i.v. administration of a morphine solution to normal and SOP rabbits
Parameter Normél SOP

Morphine AUC (g h/ml) 7.49+ 1.38 4.54+ 1.08

M3G Crmax (rg/ml) 61.7+ 9.55 65.0+ 6.49
AUC (nghmi1) 194 + 20.0 165+ 22.1
AUCMm3c/AUCH 29.3+ 9.24 41.2+ 10.0

M6G Cimax (pg/ml) 0.567+ 0.159 0.966+ 0.283
AUC (ughmi1) 1.84+ 0.845 1.42+ 0.325
AUCpec/AUCMH 0.256+ 0.103 0.364+ 0.112

Each value represents the megi$.E. of three experiments.
1 Data were cited fronTable 1

4. Discussion

In human, because of great first-pass metabolism
via mainly hepatic UDP-glucuronyl transferase, about
55% of the absorbed morphine is metabolized to
M3G, about 10% to M6G and about 10% to other
metabolites, and so the bioavailability of morphine
has been reported to be 20-40@&l4re et al., 1991
It has been indicated that in the case of i.r. adminis-
tration of a morphine suppository, its bioavailability
is increased to about 53%, resulting from the par-
tial avoiding of first-pass metabolisnrddnsson et al.,
1988. In this study, when a solution of morphine
at the dose of 40mg/kg was orally administered to
normal rabbits, the plasma concentrations were ap-
parently lower than those after i.v. administration

with the dose of 20 mg/kg, and thevalue was esti-
mated to be 5.7%Hig. 1 and Table 1. On the other
hand, theF value of morphine after i.r. administra-
tion of a suppository with the dose of 40 mg/kg was
calculated to be 22%, which was significantly greater
than that after p.o. administratioTable 1), being
approximately equal to the value in rabbits reported
previously Matsumoto et al., 1993In addition, the
AUCMm3c/AUCH or AUCuec/AUCH value in the p.o.
group was significantly greater than those in the i.v.
and i.r. groupsTable ), indicating that the first-pass
metabolism after p.o. administration is avoided par-
tially on i.r. administration. It has been reported that
the metabolism of morphine to M3G is the main
metabolic pathway in both human and rabbit, and this
was found to be true in this studkif. 1andTable ).
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On the other hand, although tl&ax and AUC of bits might be an increase in an absorbable form of
M6G were lower than those of morphine with both morphine, which is released from the suppository
administration routes, this agreed with the finding that base and dissolved in water highly present in feces in
the rate of metabolism of morphine to M6G in rabbit the colon, and of its membrane permeability. That is
is lower than that in humanMignat et al., 199k to say, theF value, which was expected to decrease
Overall, it was confirmed that the pharmacokinetic due to increasing first-pass metabolism resulting from
characteristics of morphine including its metabolites the absorption in the colon, might be increased in
in rabbits were almost the same with those in human, SOP rabbits.
and that the use of rabbits was valid for the aim of  In general, trauma induces a decrease in the serum
this study. albumin level and an increase in alfa-1 acid glyco-
When morphine suppositories were administered protein, and alteration of hepatic clearance of drugs
intrarectally to ROP rabbits, the plasma concentra- (Boucher et al., 1991 In fact, Christe et al. indicated
tions and pharmacokinetic parameters of morphine, that acute trauma causes the same alterations of these
M3G and M6G were almost the same as those in proteins, to which morphine binds, and this results in
the control group Kig. 2 and Table 3. On the con- an increase in morphine bioavailability due to a de-
trary, these values in the i.s. group of SOP rabbits crease in its clearanc€(riste et al., 19965 However,
were significantly higher than those in the i.r. group in this study, we think there was no difference in the
of normal ones, while there were no differences in the level of operative injury between ROP and SOP rab-
AUCwp3c/AUCy s, AUCysc/AUC S, andty/» values bits, and so the changes in serum proteins can not ex-
of morphine, M3G and M6G among the three groups plain the difference between ROP and SOP rabbits.
(Fig. 2andTable 2. These results appeared to indicate This was confirmed by the finding that there were
that although the pharmacokinetics of morphine and no differences in the disposition of morphine and its
its metabolites were not changed after i.r. administra- metabolites between normal and SOP rabbits after i.v.
tion of morphine suppositories to ROP rabbits com- administration of morphineTable 3. Thus, in this
pared with the case after i.r. administration to normal study, trauma resulting from operative injury is not
rabbits, the i.s. administration to SOP rabbits caused considered to alter the pharmacokinetics of morphine
increases in the plasma concentrations of morphine, and its metabolites.
M3G and M6G due to an increase in the bioavailabil-  Morphine (and M6G) is one of the substrates

ity of morphine.
Previously we reported that the bioavailability of

for P-glycoprotein, which is expressed in the colon
(Huwyler et al., 1996; Seelig, 1998; Chin et al., 1989

diclofenac sodium and carbamazepine suppositories Piquette-Miller et al. demonstrated that in rat liver

decreased in the order of contrel ROP > SOP

during acute inflammation the expression and activity

groups, and this is thought to be due to an increase in of P-glycoprotein are decreaseRiduette-Miller et
the extent of first-pass metabolism in the case of the al., 199§. Although it is not clear whether or not a
former, and a decrease in the absorption in the uppersimilar phenomenon occurs in the colon, which is

rectum and colon in the latteN@agasawa et al., 2001,
2002. Contrary to diclofenac and carbamazepine,
morphine is a highly hydrophilic compound, of which
the octanol/buffer (pH 7.4) partition coefficient is
1.2 (nterview form). Generally, the water content of
feces in the colon is higher than that in the rectum.

the absorption site in SOP rabbits, it was speculated
that operative inflammation resulted in a decrease
in the barrier function handled, at least in part, by
P-glycoprotein, and therefore, the bioavailability of
morphine was increased. Furthermore, this decrease
in P-glycoprotein expression in the colon might ex-

Furthermore, it has been reported that the absorptionplain the results in ROP rabbits. That is to say, it is
of hydrophilic compounds is increased but that of hy- thought that in ROP rabbits, the increase in first-pass
drophobic ones is decreased with inflammation at the metabolism due to excision of the upper rectum might
absorption site Nagasawa et al., 1994; Satoh et al., be offset by the decrease in P-glycoprotein expression
1988, 199). Taking all the above into considera- in the colon, and thus the bioavailability of morphine
tion, the most plausible explanation for the increased does not change. However, a more detailed study is
bioavailability of morphine suppositories in SOP rab- needed to clarify this.
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In the report of Hgjsted et al., the comparative Buyse, M., Zeleniuch-Jacquotte, A., Chalmers, T.C., 1988.

bioavailability of morphine suppositories in hu- Adjuvant therapy of colorectal cancer. JAMA 259, 3571-3578.
Chin, J.E., Soffir, R., Noonan, K.E., Choi, K., Roninson, I.B., 1989.

0 0 -

ma.” ranged from 0.1 t(.) 127/".“"%“? 43/_0) com Structure and expression of the human MDR (P-glycoprotein)
paring to the case of i.r. administratiorHdjsted gene family. Mol. Cell Biol. 9, 3808-3820.

et al.,, 1990. They explained this low bioavailabil-  christe, J., Makawsky, S.J., Valdes, C., 1995. Acute trauma alters

ity might be due to loose morphine into the outside morphine clearance. J. Trauma 39, 749-752.
of body and to adsorption to feces. In general, in Douilard, J.Y,, Cunningham, D., Roth, A.D., Navarro, M., Lames,
well-controlled human colostoma, most of the pa- R Karasek, P, Jandik, P, Iveson, T, Carmichael, J.,
tients have normal water content feces. On the other Alaid, M., Gruia, G., Awad, L., Rougier, P., 2000. lfinotecan
: ) o combined with fluorouracil compared with fluorouracil alone
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