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ZEUCHNER, J.. L. ROSENGREN, A. WRONSKIANDL. RONNBACK. A new ingestion method for long-term morphine
intoxication in rat. PHARMAC. BIOCHEM. BEHAV. 17(3) 495-501, 1982.—A new method for long-term morphine
intoxication in rat was developed. 1t was designed to deal with the nutritional imbalance and body weight loss that generally
oceurs using conventional techniques for morphine treatment. The morphine is administered in a nutritionally complete
diet. Also pair-feeding is used to deal with intoxicated rats that do not eat the same amount of food as controls. The
technique was validated during the study of different intoxication conditions, using different initial doses, dose increments
and final doses. An initial dose of 25 mg morphine/kg b.w., raised exponentially up to 340 mg/kg b.w. in 8 days, made the rats
dependent, as tested by withdrawal signs, precipitated by excluding morphine from the diet, or by administration of
antagonists. A final dose of up to 715 mg morphine/kg b.w. was reached in 13 days without decreased food intake.
However, initial doses of 340 or 715 mg/kg led to impaired weight gain and diet consumption. Plasma morphine levels of 3
ug/ml serum were reached on a dose of 340 mg/kg b.w. Also. preference for morphine diet over control diet was evaluated
by choice tests. The technique is simple, time-saving and inexpensive, allowing the treatment of numerous animals for long

periods under standardized intoxication conditions. No animals get ill or die.

Morphine intoxication Ingestion method Rat

MANY methods have been developed in order to make
animals physically dependent upon morphine. Morphine can
be injected intraperitoneally, intramuscularly or subcutane-
ously. These routes of administration are characterized by
good absorption of the drug. The method is often also used
as premedication in ‘‘combined methods™ (see below). A
disadvantage is the unfavourable weight gain in morphinized
animals compared to that of controls (¢f. 15,22]). Further-
more, due to the low solubility of morphine in water, large
volumes have to be injected when higher doses are adminis-
tered. Another disadvantage with the injection technique is
the uneven plasma levels of morphine with high concentra-
tions following the injections [3]. It has been shown that
uniform serum levels of morphine are to be preferred as a
means of making animals dependent [3.9].

Morphine intoxication is also produced by implantation of
morphine-containing pellets in the subcutis or the muscles
(1, 4, 12, 19, 29, 30]. The pellets tend to become
encapsulated, thus creating low serum levels. Repeated
anesthesia and surgery often lead to a high frequency of
infections. Therefore, the method is suitable for intoxication
periods not longer than 4-6 days [12,29].

A number of methods have been developed where mor-
phine is administered orally (see [16, 25, 26]. One method is
to offer the test animal a solution of morphine in tap water as
the sole drinking source [2, 6, 11, 15, 21, 25, 26]. This proce-
dure is easy to handle without manipulation of the animal.

However, the animal avoids drinking the morphine solution,
unless premedicated or forced to drink. It has been suggested
that this is caused by the bitter taste of morphine even in low
concentrations. Thus, morphine consumption will be di-
rected by the animal's need for water [11]. Therefore it may
become necessary to control the consumption of morphine
by having the animal drink morphine solution. Also, it has
been observed that by dissolving morphine in a sucrose
solution, rats increased their consumption, and dependence
could be demonstrated. However, the different caloric in-
take makes weight gain hard to control.

In addition. morphine can be administered via catheters
or probes, either in the stomach or in blood vessels. By using
these methods the bitter taste is avoided. However, compli-
cated equipment, together with repeated anaesthesia and/or
surgery, is necessary. If self-administration is used, then
some form of learning procedure or premedication with mor-
phine injections is required (see [2,16]).

Another method for treating is to administer morphine in
solid food together with morphinized drinking water. By use
of this method, rats have been made dependent in such a
short period as a week [15]. However, it is very laborious to
avoid a caloric imbalance. Furthermore, if an automatic food
intake measuring-apparatus is not used, morphine consump-
tion 1s difficult to measure (see [32]).

In summary, in most chronic morphine intoxication
models weight loss or poor weight gain is a prominent fea-
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ture, and the caloric imbalance between intoxicated rats and
control rats is hard to avoid. When determining changes in
biochemical parameters (i.e., brain protein metabolism, neu-
rotransmitter metabolism) during long-term morphine treat-
ment caloric imbalance between intoxicated and control rats
could not be allowed to influence the results.

Our aim was to develop a model for long-term morphine
intoxication of rats where the nutrient intake in intoxicated
and control animals should be complete, and caloric imbal-
ance avoided. We chose a method using oral intake of mor-
phine dissolved in a nutritionally complete fluid diet.

METHOD
Animals

A total of 209 male rats of the Sprague-Dawley strain
were used in this study. The weights of the animals at the
beginning of the experiments were around 150 g. No mortal-
ity was seen during the studies. No animals got ill or were
withdrawn from the experiments.

Drugs

Morphine-chloride, naloxone and nalorphine-chloride
were bought from Apoteksbolaget, Sweden.

Cuages

The rats were housed individually in cages (41x25x15
cm?) in a room with constant temperature. Lights were
turned on between 7 a.m. and 5 p.m. The fluid diet was
administered in graded Richter tubes. Consumption could
easily be determined every day.

Diet Composition

The ingredients of the diet (Table 1) were mixed to a
stabilized solution in a Warren Blender Mixer with vitamins
according to Table 2. Routinely 90 ml in graded Richter tubes
were given to each rat every day.

Procedure

Upon arrival from the supplier, the rats were weighed and
placed individually in cages. Prefeeding for 2-3 days on con-
trol fluid diet was performed to adapt the animal to the new
diet. Morphine was added in a dose of 25 mg/kg b.w. on the
first day of treatment, increasing up to 55, 90, 130, 175, 225,
280 and 340 mg/kg b.w./day, or in some experiments contin-
ued increase up to 403, 475, 550, 630 and 715 mg/kg b.w./day.
The daily dose of morphine was achieved when the animal
had consumed the 90 ml diet offered.

The rats were fed and the consumption determined daily
at 6-7 p.m. and weighed every 2nd-4th day. During choice
tests or withdrawal, food consumption and body weight were
determined up to four times daily.

Development of Phvsical Dependence

Physical dependence was evaluated by observing with-
drawal signs following administration of nalorphine (20-30
mg/kg b.w.) or naloxone (6 mg/kg b.w.) injected intraperito-
neally, or by excluding morphine from the diet. The follow-
ing abstinence symptoms were observed: (1) decrease in food
intake, (2) weight loss, (3) diarrhea, (4) irritability when the
animal was handled. The method made it possible to eluci-
date the preference for mophine diet vs control diet by
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TABLE 1
COMPOSITION OF THE FLUID DIET

Casein hydrolysate (Sigma Chem. Co.

St. Lous. MQ) 414
L-cyst inium chloride monohydrate (Merck) 05g
DL-methionine (Merck) 03¢
Vitamin mixture (see Table 2) 30¢g

Salt mixture Rogers-Harper (United
States Biochem. Corp.. Cleveland OH) 10.0 g
Corn Oil (DAGAB. Sweden) 835y

Olive oil (DAGAB. Sweden) 285
Sucrose (DAGAB. Sweden) 1509 ¢
Morphine-chloride (Apoteksbolaget.

Sweden) X mg
Lecitin (Kebo. Sweden) 20¢g

Distilled water 10 1.0 1

Morphine-chloride added to diet of experimental animals:

dose morphine (mg/kg b.w.) x mean body weight (g)
X =

mean volume diet consumed per rat (ml)

choice test. The morphine tube was randomly kept in a fixed
position in every cage. either to the right or to the left in the
different cages.

Determination of Morphine Plasma Levels

Free morphine in the plasma of the morphine-drinking
rats was determined by gas chromatography after acetylation
to heroin [23.27] (Department of Clinical Chemistry. Central
Hospital of Uddevalla).

Histological Examination of Small Intestine and Kidney

Small intestine and kidney were dissected from
morphine-intoxicated. abstinent and control rats, after 50
days diet consumption, and usual pellet eating rats of similar
weight. They were fixed in 497 formaldehyde., embedded in
paraffin and prepared for routine light microscopy examina-
tion. 10 wm sections. stained with HTX-Eosin.

Injection Techngiue

As a reference 12 rats with a beginning weight of 150 g
were injected intraperitoneally twice daily with a morphine
solution. The initial dose was 5 mg morphine per kg b.w. and
rat. The dose increase was 5 mg morphine per kg b.w. per
day. Six controls were injected with similar volumes of
saline as the intoxicated rats. The animals were kept for 20
days and reached a daily morphine dose of 100 mg/kg b.w.

Statistical Evaluations

Statistical analyses were done according to Student’s
t-test. S.E.M. values are given.

RESULTS
Morphine Intoxication with the Peroral Method

Free consumption of morphine diets. containing 340
mg/kg b.w. (Fig. 1) or 715 mg/kg b.w. (Fig. 2. curve 2) was
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TABLE 2
COMPOSITION OF THE VITAMIN DIET FORTIFICATION MIXTURE*
Grams
Vitamin A acetate 4.5
(200.000 units per gram)
Vitamin D, 0.25
(400,000 units per gram)
Alpha tocopherol 5.0
Ascorbic acid 45.0
Inositol 5.0
Choline chloride 75.0
Menadione 2.25
Paminobenzoic acid 5.0
Niacin 4.5
Riboflavin 1.0
Pyridoxine hydrochloride 1.0
Thiamine hydrochloride 1.0
Calcium pantothenate 3.0
Mg
Biotin 20
Folic acid 90
Vitamin B 12 1.35

*A mixture of the above vitamins triturated in dextrose to a total
amount of 1 kg (bought from the United States Biochemical Cor-
poration, Cleveland, OH).

studied. When offered 715 mg morphine/kg b.w. in 90 ml
diet, the mean weight gain during the initial 7 days was 0.4
g/day. with a mean fluid diet intake of 53.9+7.9 ml. Offering
the rats 340 mg morphine/kg b.w. in 90 ml diet the weight
gain during the first 6 days was 2.1 g/day. The mean daily
diet intake was 72.8+10.6 ml. At the end of the experiment,
nalorphine (20 mg/kg b.w. (IP) precipitated an abstinence
reaction.

Comments on Diet Consumption

Rats drinking 90 ml/day of the control diet showed a mean
weight increase of around 6 g/day (in the weight class 150
250 g). (Fig. 2, curve 3). Eighty-five to ninety percent of the
fluid diet was consumed from 6 p.m. to 6 a.m., if the diet was
served at 6 p.m.

To establish optimal conditions for long-term morphine
intoxication concerning b.w. gain and food intake, experi-
ments were performed where the initial dose of morphine
and the daily dose increase were varied. One group of rats
were started on 60 mg/kg b.w., increasing by 60 mg/kg/day.
Two other groups were started on 45 and 25 mg/kg b.w.,
respectively, increasing daily with the same amount. The
body weight and food intake of the intoxicated animals were
compared with the body weight of the controls during the
experiment. Rats intoxicated with an initial dose of 25 mg
morphine per kg b.w. and a daily increase of 25 mg per kg
showed a b.w. gain which parallelled with that of the con-
trols for the first 8 days. Daily doses of 700 mg morphine/kg
were reached prior to a decreased food intake.

Starting with 25 mg morphine/kg b.w./day, and increasing
exponentially by adding 25 mg morphine/kg b.w. and another
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FIG. 1. Free fluid diet consumption of 6 male rats on a morphine
dose of 340 mg/kg b.w. (providing 90 ml consumed). The daily mor-
phine diet ingestion was 72.8+10.6 ml/day during the first 6 days of
the experiment (until day 8 in the figure). The mean weight gain of
this period is 2.1 g/day. Rats receiving control diet or morphine in an
escalating fashion show a daily weight gain of about 6 g. From day 9
the rats consumed 90 ml fluid diet, giving a mean weight increase of
4 g/day. A=Morphine dose (mg/kg b.w./day) offered the animals.
A =Morphine dose (mg/kg b.w./day) consumed. @=Volume diet
consumed (ml). B=Body weight (g).

5 mg/kg b.w./day up to 715 mg/kg/day during 13 days, the
mean b.w. gain was 4 g/day during the first 8 days, i.e., up to
a dose of 340 mg/kg b.w. (Fig. 2, curve 1). Rats offered and
consuming 90 ml control diet/day showed a daily weight gain
of 5.9 g (Fig. 2. curve 3).

Plasma Levels of Morphine

When consuming 340 mg morphine/kg b.w. from 6 p.m.
one day, the animals had plasma morphine levels of 3.3+0.8
pug/ml at 00.00 a.m., 3.1+0.6 pg/ml at 9:00 a.m., 2.6+0.5

ug/ml at 3 p.m.

Abstinence Reaction

Withdrawal signs were precipitated by exclusion of mor-
phine from the diet or by administration of antagonists
(nalorphine or naloxone). Weight loss and decreased food
intake were consistent and easily measurable signs of absti-
nence. Within 5 min. after IP injection of naloxone (6 mg/kg
b.w.) animals intoxicated on 340 mg morphine/kg for 20-30
days showed tremor and irritability, crying during handling.
During the next hour, a weight loss and decreased food in-
take (compared to controls) were seen together with
diarrhea. Maximal intensity of the withdrawal reaction was
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FIG. 2. Curve 1: 18 animals were started on a morphine dose of 25
mg/kg b.w. on day 1. reaching 715 mg/kg on day 13. The weight gain
curve is parallel to curve 3 (controls) during the first 8 days, i.e.. up
to a dose of 340 mg/kg b.w. [1=Body weight controls. l—8=Body
weight (g). A=Morphine dose (mg/kg b.w./day) offered the animals.
A=Morphine dose (mgkg b.w./day) consumed. @=Volume
morphine diet consumed (ml). Curve 2: Free diet consump-
tion of 6 male rats on a morphine dose of 715 mg/kg b.w.
During the first 7 days the daily diet consumption was 53.9+7.9 ml.
thereafter stabilizing on 90 ml/day. Weight gain during the injtal
period is 0.4 g/day. H---M=Body weight (g). ®---@=Volume mor-
phine diet consumed (ml). Curve 3: Shows weight gain (0-0} of 12
rats offered and consuming 90 ml control fluid diet daily. In the
weight class 150-250 g there is a mean daily weight gain of 5.9 g.
Rats getting pellets and water ad lib have a mean daily weight gain of
6.3 g.

seen 4-6 hrs after injection of the antagonist. The abstinent
rats decreased by 7.0+2.0 g in weight compared to the control
rats, increasing in b.w. with 7.0+ 1.8 g during the same period.
The body weight and food intake returned to normal during
the next 18 hrs (Fig. 3). Similar results were obtained after
nalorphine (30 mg/kg b.w.) IP injection.

If withdrawal was induced by exclusion of morphine from
the diet when the animals consumed 340 mg morphine/kg
b.w.. the rate at which the animals lost weight was greatest
over the first 13 hrs (mean weight loss 1.9 g/hr. Fig. 4). The
maximal weight loss was seen in 48 hrs. The shortest intoxi-
cation period to produce withdrawal symptoms was investi-
gated. Intoxications from one day (25 mg/kg) up to 4 days
(end dose 130 mg/kg b.w.. 5 animals in each group) were
followed by excluding morphine from the diet. After one
day (25 mg/kg b.w.) and two days (25, 55 mg/kg b.w.) of
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FIG. 2. Six mg naloxone per kg b.w. were injected [P on 10 rats
intoxicated for 20 days (block line) on @ morphine dose of 340 mg/kg.
as described in the text. Within 5 min the animals showed tremor
and irritability. including crying during handling. A decrease in food
intake Ml in volume columns) compared to control, b.w. loss and
diarrhea, were seen within the first hour following the naloxone
injection. reaching maximal intensity in 6 hrs (0 hr day 2). Similarly.
6 ng naloxone per kg were injected on 11 control rats (dotted line).
At 0 hr on day 2 the intoxicated animals given naloxone showed a
mean weight decrease of 7 g compared to the b.w. 18 hr day 2. while
the control animals increased with 7 g during the same period. Con-
trols showed no signs of abstinence following naloxone injection.
Food intake and body weight were returned to normal 24 hrs after
the naloxone injection. Body wt. and accumulated food intake (col-
umns with circles indicate accumulated daily food intake in ml).
starting at 18 hrs each day. is shown for 6 hr periods. Similar results
were seen when nalorphine (30 mg/kg b.w.) was injected 1P.

intoxication, a stagnation of weight gain followed morphine
withdrawal. Morphine withdrawal from rats intoxicated for 3
days (end dose 90 mg/kg b.w.) or 4 days (end dose 130 mg/kg
b.w.) gave a more complete abstinence reaction registered as
a decrease in b.w. by 3 g (nonsignificant) and 8 g (significant)
one day after withdrawal. (see Fig. 5). The decrease in food
intake was significant compared to controls, with a nonsig-
nificant difference between the groups of intoxicated
animals.

Figure 6 shows an experiment for 46 days with 3 choice
tests. The dose 340 mg morphine per kg was reached on the
8th day of the intoxication period. Prior to the 3rd choice test
the morphine dose was increased to 715 mg/kg. It could be
seen from the choice tests that the degree of dependence on
morphine diet increased during the intoxication period.

Some rats (around 10-15%). preferred extremely high
morphine amounts (in the range of 250 mg/kg b.w./day).
while another 10-15%7 consumed extremely little morphine
(50 mg/kg/day) even in the very last choice test. Most
animals preferred 150-250 mg/kg b.w./day) in the choice
situation described.

Light Microscopy of Kidney and Small Intestine

Macroscopically, visceral and thoracal organs looked
normal after long-term fluid diet intake. Light microscopy of
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FIG. 4. Twelve rats were intoxicated with morphine for 26 days on a
dose of 340 mg/kg b.w. Morphine withdrawal (six rats, black line)
resulted in a decreased b.w. of 35 g within 48 hrs. A decreased food
intake. diarrhea and irritability was observed within 6-12 hrs. Body
weight and accumulated food intake (cross-hatched columns indi-
cated accumulated daily fluid diet intake, ml), starting at 18 hrs each
day. is shown for 6 hr periods. The six morphinized control rats
were run in parallel (dotted line).

kidney from morphine intoxicated (for 50 days on a dose of
340 mg/kg b.w.), abstinent and control rats, was normal. The
epithelium of proximal and distal tubules and loops of Henle
were indistinguishable from pellet feeding litter-mates with
consumption of water ad lib. The same was found at different
levels of the small intestinal tract.

Morphine Intoxication with the Intra-peritoneal Injection
Technique

The intoxication period was 20 days with an initial mor-
phine dose of 5 mg/kg b.w. and a final dose of 100 mg/kg b.w.
At the end of the intoxication period the intoxicated animals
had mean b.w. slightly below the weight at the beginning of
the experiment. They weighed around 100 g less than the
saline controls.

DISCUSSION

One disadvantage with previous methods of long-term
morphine intoxication is poor weight gain in the intoxicated
animals. One reason for this is that morphinized rats eat less
than controls, thus causing a caloric imbalance. A relative
undernutrition of morphinised animals could interfere with
brain protein synthesis and neurotransmitter metabolism
during tolerance development (see [5]), as it is well known
that protein/calorie malnutrition affects specific nervous tis-
sue proteins (see [13,31]). Therefore, it is extremely impor-
tant to eliminate the biochemical effects of an undernutrition
when neurochemical correlates to tolerance development are
to be studied. Some authors (see [15]) have been aware of
this problem, aithough it has been very laborious to assure a
full caloric balance for the animals.

In order to develop a method for long-term morphine
treatment which avoids caloric imbalance, oral intake was
chosen. This type of procedure has received some attention
in recent years (e.g., [16, 25, 26]). It is advantageous, be-
cause it is relatively inexpensive, since no special equipment
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FIG. S. Five male rats were given morphine in an escalating fashion
for 3 and 4 days, respectively. Rats receiving morphine for 4 days
(upper curve) in an escalating fashion showed a mean weight de-
crease of 8.2 g (significant, p<0.001), and rats receiving morphine for
3 days (lower curve) showed a mean weight decrease of 2 g (non-
significant) one day after withdrawal. A decrease in food intake was
registered: there was a significant (p<0.05) decrease of the two
groups, compared to controls, a nonsignificant difference between
the groups. S.E.M. values are given. Column=Volume diet con-
sumed (ml).

is involved, and large numbers of animals can be used simul-
taneously. We developed a system where morphine was di-
luted in a complete fluid diet, modified after De Carli and
Lieber [7]). The diet, with a content of sucrose, made it
possible to overcome the bitter taste of opium alkaloid which
is aversive to animals. Some authors (see [20]) have de-
scribed direct effects of sucrose on hepatic lipid metabolism.
However, Lees [17] could not confirm such effects. In our
studies the animals showed a weight gain on the diet offered,
with no significant difference from rats offered pellets and
water ad lib.

The diet was served in graded Richter tubes. The amount
of food (and thereby morphine consumption) could easily be
recorded. If the animals did not consume the diet offered,
pair-feeding could be adopted to ensure caloric balance be-
tween intoxicated and control animals. During intoxication
of rats in the weight class and with the morphine-dose incre-
ment suggested in this study, this was never necessary.
However, if the present method will be used to test different
drug combinations, pair-feeding might optimize the experi-
mental conditions. As rats are nocturnal, they eat most of
their food at night. However, fluid intake is more uniform
over day and night [10]. According to our observations
85-90% of the total fluid diet, and thereby morphine intake,
was consumed at night.

Iwamato and Klaassen [14] reported that an orally ad-
ministered dose of morphine achieved plasma levels over a 6
hr period which was only !/sth of the plasmalevels observed at
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FIG. 6. Morphine intoxication schedule (18 rats), starting with a dose of 25 mg/ b.w.. increasing exponentially up to 340
mg/kg. During days 31-38 the dose was increased to 715 mg/kg. Three choice-tests revealed an increase in morphine
preference over control during the period studied, i.e., more morphine was consumed with longer intoxication period.
®=Volume (m!) morphine diet consumed. O=Volume (ml) control diet consumed. M=b.w. (g). /. =Morphine dose
(mg/kg b.w./day) offered the animals. A=Morphine dose (mg/kg b.w./day) consumed.

the same dose given intravenously. In our studies we
reached plasma morphine levels of 3 wg/ml 6 hrs after
85-90% of the daily morphine dose of 340 mg/kg b.w. was
consumed, indicating that the animals were exposed to sig-
nificant morphine doses even in daytime. Similarly, Gellert
and Holtzman [11] reported rather steady plasma levels of
morphine between doses in an oral self-administration pro-
cedure.

The explanation for low but steady plasma levels of mor-
phine following oral administration has been discussed by
Del Villar ¢t al. [8], Sanchez and Tephly [24] and by Walsh
and Levine [28] who have suggested that the intestinal tract
to act as a depot from which morphine is continuously reab-
sorbed. It should be noted that Deneau and Seevers [9] in
1964 pointed out that maintaining continuous exposure of an
organism to morphine is the most important factor in estab-
lishing dependence. This fact was further supported by Cer-
letti et af. [3].

It was found that starting with morphine doses of 25
mg/kg b.w. and increasing exponentially to final doses of up
to 340 mg/kg b.w., or increasing linearly with 25 mg/kg/day
up to 715 mg/kg permits full nutrient intake of the experi-
mental animals (i.e., 90 ml fluid diet in our method). These
are extremely high doses as compared to those reported in the
literature. Withdrawal signs were precipitated within 5 min
with naloxone or nalorphine, or within 6-10 hrs after exclud-
ing morphine from the diet in animals intoxicated for 20 days
or more, with a final dose of 340 mg/kg. Abstinence signs

could be precipitated after just 3-4 days after oral intoxica-
tion, indicating that our model is effective in producing mor-
phine dependence. This is satisfactory compared to the find-
ings of Way ¢z «l. [29] who demonstrated withdrawal signs
precipitable after removal of morphine pellets implanted for
3 days. Gellert and Holtzman [11] were able to precipitate
withdrawal syndrome by naloxone in rats which had been
drinking 16 mg morphine per kg b.w./day for 6 days.

It was also found that in choice situations individual rats
consumed different amounts of morphine even after long in-
toxication periods. Some intoxicated rats (10-159% of total)
consumed very small amounts of morphine in the choice-
test. Similarly, Gellert and Holtzman [11] reported that on an
average 1 rat of 10 refused to drink morphine diluted in tap
water which could, of course, be explained by the bitter taste
of the morphine solution. It should be noted that all rats
drank high concentrations of morphine when the morphine
was given in the diet. Ten to fifteen percent of the rats in our
study preferred extremely high amounts of morphine diet in
choice situations. In future studies we intend to investigate
these groups of rats with high morphine and low morphine
intake during choice situations with respect to tolerance and
dependence development.

In summary, the intoxication model presented ensures
both experimental and control animals a nutritionally com-
plete fluid diet. The only difference between the animals is
the morphine itself. The method might thus serve as a new
and important experimental basis of studying neurochemical
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responses to opiates with no interference of the biochemical
effects caused by a relative undernutrition due to the food-
depriving effect of morphine. Routinely the tolerant rats
consume 340 mg morphine per kg b.w. with plasma mor-
phine levels of 3 ug/ml over the day. It is simple, time-saving
and inexpensive to intoxicate numerous animals in parallel
for long periods, as frequent injections of morphine or surgi-
cal pellet implantation/removal are eliminated.
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