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Abstract: Objective: Some animal models apply morphine in the drinking water to generate addiction, but related reports are not
free of conflicting results. Accordingly, this study aimed to figure out if chronic consumption of morphine in the drinking water
can induce morphine addiction in Wistar rats. Methods: For 3 weeks, the animals received a daily morphine dose of 35 mg/kg by
offering a calculated volume of sugar water (5% sucrose) with morphine (0.1 mg/ml) to each rat; animals receiving just sugar
water served as controls. Immediately after the treatment phase, the tail immersion test was used to check for morphine tolerance,
and all animals were then kept on tap water for one week (withdrawal phase). Afterwards, all rats were allowed to choose their
drinking source by offering two bottles, containing sugar water without and with morphine, simultaneously for two days (pref-
erence phase). Results: While the chronic consumption of morphine led to a reduction in body weight and to morphine tolerance,
the morphine-treated Wistar rats did not show any preference for the opiate-containing sugar water. Conclusion: Body weight loss
and tolerance do not reveal a condition of drug craving, and current animal models should be re-evaluated regarding their potential

to establish morphine addicted animals.
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INTRODUCTION

According to the World Health Organization,
more than 2 billion people are currently using alcohol,
tobacco as well as a variety of illicit drugs (e.g. can-

nabis, cocaine, heroin) (Monteiro, 2001; WHO, 2002).

These components are also known as “psychoactive
substances” as they alter feelings, thinking and be-
havior, and the frequent use of those stimulants often
leads to addiction, which is a chronically relapsing
disorder characterized by a compulsive need for the
drug, by recognizable physiological changes in the
absence of the drug, and by an uncontrolled intake of
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the drug (Cami and Farre, 2003; Koob et al., 1998).
Besides the loss of control, drug abuse in the form of
an enhanced intake is also due to the development of
tolerance, demanding the consumption of higher
doses to experience the same stimulating effect. An
addiction to drugs has been recognized as a neuro-
logical disease, and current research efforts focus on a
better understanding of the involved molecular, cel-
lular and physiological mechanisms (Ammon-Treiber
and Hollt, 2005; Bailey and Connor, 2005; Koob et al.,
2004). Besides taking measures to prevent a perma-
nent intake of drugs, a better understanding of the
phenomenon of addiction might also help to establish
effective therapies for drug addicts, improving either
the detoxification process or preventing the relapse
(van den Brink and van Ree, 2003).

Like opium or heroin, morphine binds to the
opioid receptors and is widely used to investigate the
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addiction to opioids (Contet et al., 2004; Nestler,
2004). Several animal models are established to in-
vestigate the influence of morphine, and in most of
these models morphine is either given intravenously
or subcutaneously by injection or infusion (Hutchings
and Dow-Edwards, 1991). All these application
methods are part of a chronic treatment for several
days or weeks, and the impact of the opiate is usually
verified by detecting the presence of morphine tol-
erance and morphine dependence (Hui ef al., 1996;
Itoh et al., 1998). Tolerance is investigated by in-
jecting morphine acutely and checking for a reduced
sensitivity regarding pain during a tail immersion or
hot-plate test, while dependence is investigated by
injecting the morphine antagonist naloxone and re-
cording the expression of signs of withdrawal (e.g.
wet-dog shakes, ptosis, face washing, chewing, diar-
rhea) (Badawy et al., 1982). However, although the
term “morphine dependence” suggests that the ob-
served signs reflect addiction, the naloxone injection
actually only forces a physiological response to the
immediate blockade of the opiate receptors and is not
indicative of any drug craving behavior or uncon-
trolled drug intake. Hence, this approach does not
reveal addiction.

In contrast to applying morphine by injection or
infusion, other models feature an oral intake of the
drug by adding morphine into the drinking water (Hui
et al., 1996; Fabian et al., 2003). Such an approach
offers the possibility to detect addiction, especially
regarding the rewarding effect of the drug, much
clearer—after a treatment phase and a phase of
withdrawal, the animals are tested regarding their
drinking preference by offering two bottles as their
drinking source, with one bottle without and one with
morphine (Borg and Taylor, 1994). Morphine ad-
dicted animals prefer the drug-containing solution
mainly or exclusively, thus showing a clear relapse
after the withdrawal phase (Dai ef al., 1984). Such a
model has already been used to investigate alco-
hol-addicted rats, and in the 2-bottle-choice phase, the
treated animals do not only show an increase in intake,
but even drink the alcohol solution after an adultera-
tion with quinine (Wolffgramm and Heyne, 1995).
Besides clearly showing the drug craving and addic-
tion of the animal, the drinking model allows also
testing certain components regarding their potential to
prevent such a relapse during the 2-bottle-choice

phase. Purified plant components like daidzin and
daidzein from Pueraria lobata and ibogaine from
Tabernanthe iboga (Rezvani et al., 2003) have been
shown to exert an anti-dipsotropic activity on alco-
hol-addicted animals, and other plant components
like quercetin or apigenin are currently investigated
regarding their potential to reduce the impact of
morphine (Gomaa et al., 2003; Naidu et al., 2003).

Several reports have described the application of
morphine in the drinking water; however, they are not
free of conflicting results. For example, Hui et
al.(1996) as well as Borg and Taylor (1994) reported
that morphine-treated rats preferred after a with-
drawal period the morphine solution more than a
morphine-free solution, but Hinson et a/.(1986) and
Jurna ef al.(1992) could not detect this preference. In
addition, while some studies indicate that mor-
phine-drinking rats show both morphine tolerance
and signs of withdrawal after injection of naloxone
(Gellert and Holtzman, 1978; Hui et al., 1996), others
could not confirm the development of tolerance
(Jurna et al., 1992). Accordingly, this study aimed to
figure out if the chronic consumption of morphine in
the drinking water could lead to morphine tolerance
and addiction-generating rewarding effects. For three
weeks, male Wistar rats received a daily morphine
dose of 35 mg/kg by offering each animal the neces-
sary volume of 5% (w/v) sucrose water with mor-
phine (0.1 mg/ml) for up to 6 h; animals receiving just
sucrose water served as controls. After this treatment
phase, all animals received only tap water for one
week (withdrawal phase), and were then offered two
bottles, containing either sugar water or sugar water
with morphine. Despite showing a reduction in body
weight and morphine tolerance in the tail immersion
test immediately after the treatment phase, the mor-
phine-treated animals expressed no preference for the
opiate during the 2-bottle-choice phase and drank like
the control animals mainly the sugar water. Appar-
ently, the chronic consumption of morphine only led
to morphine tolerance, but not to morphine addiction
or any rewarding effect of the opiate.

MATERIALS AND METHODS

Chemical reagents
Morphine hydrochloride (Shenyang Pharma-
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ceutical Ltd., Shenyang, China); sucrose (Guang-
dong Guanghua Chemical Factory, Guangdong,
China).

Animal care

Male Wistar rats (140~165 g) were supplied by
the Zhejiang Medical Science Research Institute,
Hangzhou, China, and housed under conditions of
controlled temperature ((22+2) °C) and lighting (re-
versed 12-h light/dark cycle with lights on at 06:00
p.m.). The animals were kept in cages (4 rats per cage)
and had free access to food and water. After an ad-
aptation period of 3 weeks, during which the animals
with similar average body weight as well as food and
water consumption, were transferred to live in cages
where the rats were receiving 5% (w/v) sucrose water
without (control group) or with 0.1 mg/ml morphine
(morphine group) for several weeks as outlined below.
All experiments were carried out at room temperature
between 09:00 a.m. and 05:00 p.m.; body weight,
food intake and drinking water consumption were
monitored daily during the initial adaptation period
and the experimental period. The experimental pro-
tocol was approved by Zhejiang University Animal
Research Certificate SYXK (ZHE) 2004-0052 and is
in accordance with international guidelines for care
and use of laboratory animals.

Morphine administration in the drinking water
Following the acclimation period, the animals
were transferred into individual cages for up to 6 h
every day and received freshly prepared 5% (w/v)
sucrose water either without (control group) or with a
constant morphine concentration of 0.1 mg/ml
(morphine group). The volume of the given fluids was
restricted (50~75 ml) and calculated according to the
body weight of the rats. Accordingly, a complete
consumption of the volume-limited morphine solu-
tion within the given time period of 6 h resulted in a
constant daily morphine intake of 35 mg/kg by the
animals of the morphine group, while the control rats
received a corresponding volume of sugar water
during that time. The drinking was checked by
measuring the volume left in each bottle every 1.5 h.
After the drinking, all animals were transferred back
to their group cages and socially housed for the rest of
the day. The daily exposure of the rats to sugar water
without or with morphine was done for 3 weeks

(treatment phase); then, the animals were kept under
initial conditions and received only water as their
drinking source for 1 week (withdrawal phase). Af-
terwards, during the final 2 d of the experiment, the
animals were transferred into individual cages for 3 h
every day and were offered two bottles per cage, filled
either with sucrose water or with sucrose water plus
0.1 mg/ml morphine (preference phase).

Evaluation of morphine tolerance

The tail immersion test was employed to detect
the development of morphine tolerance. Forty min-
utes after an i.p. injection of either morphine (10
mg/kg body weight) or an equivalent volume of saline
(control), the rats were wrapped in a soft towel and
kept gently in hand. Then, the terminal 5 cm of their
tails were first submerged into room temperature
water (22~24 °C) to check for an aversion to water,
and afterwards immersed in 52 °C water. The reaction
time between immersing the tail and its removal out
of the heated water was measured; a cut-off latency of
20 s was employed to avoid damaging the tail.

Statistical analysis

All values are means+=SEM, with a n-value of 8.
Significant differences in the experimental results
were determined using Student’s #-test.

RESULTS

Chronic morphine drinking affects body weight
gain

In comparison with the control group, the daily
consumption of morphine at a dosage of 35 mg/kg did
cause a significant reduction of body weight during
the 3 weeks of treatment (Fig.1), although both
groups had free access to food. Immediately before
the experiment started (day 0), the rats of the two
groups had a similar body weight of (189.0+4.0) g
(control) and (186.8+6.6) g (morphine). At the end of
the treatment phase (day 21), the animals of the con-
trol group had an average body weight of (207.945.5)
g and thus gained weight, while the rats of morphine
group had an average body weight of (161.3+3.1) g
and significantly lost weight (P<0.01). In the fol-
lowing week, during which the opiate was withdrawn,
all animals were gaining weight resulting on day 28 in
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an average body weight of (220.3+8.2) g and
(177.846.3) g for control and morphine group, re-
spectively.

250 1 M Control O Morphine
200 1 *
150 |

100 |

Body weight (g)

50

Day 0 Day 21 Day 28

Fig.1 Body weight of Wistar rats receiving sucrose
water either without (control) or with morphine
(morphine)

Data (n=8 per group) are presented as mean+SEM;
*P<0.01 vs control

Morphine reduces the drinking of sucrose water
While Wistar rats were consuming the 5% su-
crose water very quickly, the adding of morphine to
the sugar water clearly affected the drinking and
slowed the fluid intake down (Fig.2). Immediately
before morphine was introduced (day 0), the animals
of the morphine group consumed (40.3+£2.9) ml of 5%
sucrose-water within 3 h, thus being almost identical
with the animals of the control group which drank
(41.0+£3.3) ml during that period. However, after
adding morphine at a concentration of 0.1 mg/ml to
the sugar water (day 1), the fluid intake in this group
was in comparison with the control significantly re-
duced (P<0.01). On that day, the animals of the
morphine group drank (34.543.1) ml within 3 h, while
the control rats consumed (47.3+1.9) ml. At the end of
the treatment phase (day 21), the morphine rats drank
(39.8+2.7) ml sucrose water with morphine within 3 h
and thus showed a similar fluid intake as in the be-
ginning (day 0). In contrast, the control rats drank
now much faster and were able to consume (69.8+2.4)
ml sucrose water in the same time. Accordingly,
adding sucrose at a final concentration of 5% (w/v) to
the drinking water does not completely mask the
bitter taste of the opiate, even at a relative low con-
centration of 0.1 mg/ml. However, within 6 h the
animals of the morphine group were able to consume
the necessary volume of the morphine solution (about

65 ml) to receive a daily morphine dose of 35 mg/kg
during the entire treatment phase.
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Fig.2 Fluid intake of Wistar rats receiving sucrose
water either without (control) or with morphine
(morphine)

Data (n=8 per group) are presented as meantSEM;
*P<0.01 vs control

Chronic morphine drinking establishes tolerance,
but not addiction

To check if the chronic consumption of mor-
phine could not only lead to weight loss, but also to
morphine tolerance, the animals were used for the tail
immersion test. The rats of both groups responded to
the noxious stimulus very quickly and removed their
tail from the heated water bath within 4 s (Fig.3).
After an intraperitoneal injection of morphine (10
mg/kg body weight), this reaction time was delayed.
However, while the control animals removed their

201 N Control O Morphine
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| f
0 \ )
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Fig.3 Tail withdrawal time after injecting either saline
or morphine into Wistar rats previously receiving su-
crose water without (control) or with morphine (mor-
phine)

Data (n=8 per group) are presented as mean+SEM;
*P<0.01 vs control
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tails after (15.3+1.8) s, the morphine treated animals
showed a reaction time of (8.3%1.4) s. This significant
reduction (P<0.01) of their reaction time shows that
the chronically morphine-treated animals have clearly
developed tolerance to the antinociceptive action of
acutely administered morphine.

After withdrawing the opiate for one week
(withdrawal phase), the animals of both groups were
again receiving 5% sucrose water either without or
with morphine (0.1 mg/ml), but this time both fluids
were offered in parallel, allowing each animal to
choose its drinking source for two days (2-bottle-
choice phase). The morphine-treated rats drank like
the control animals mainly sugar water and consumed
the morphine solution only in small volumes (Fig.4).
Noteworthy, the opiate-treated animals were clearly
in favor of the sugar water as they consumed like the
control rats at the last day (day 30) much more of this
solution than the day before (day 29). As in contrast
the intake of the morphine solution was even de-
creasing ((9.8£2.1) ml on day 29 vs (7.3+£1.6) ml on
day 30), it was obvious that the previous morphine-
treatment could not establish any preference for the
morphine solution. Accordingly, the chronic con-
sumption of 5% sucrose water with morphine induced
the development of tolerance, but not addiction-
generating rewarding effects of the drug.
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Fig.4 Drinking preference for sugar water without or
with 0.1 mg/ml morphine of Wistar rats previously
receiving sucrose water either without (control) or with
morphine (morphine)

Data (n=8 per group) are presented as mean+SEM

DISCUSSION

Morphine is one commonly used substance to

investigate the impact of opiates, and several ways of
applying morphine in an animal model have been
described, varying from injection and infusion to oral
self-administration. In the last case, morphine is
added into the drinking water, and although the oral
intake reduces the bioavailability of morphine by
65% when compared to an application intravenously
(Westerling et al., 1995), this method has successfully
been used to investigate the expression of the
p-opioid receptors (Féabian et al., 2003) or the altered
immune status (West et al., 1997) of chronically
treated rats. However, those experiments were testing
the animals only regarding their morphine tolerance
and their behavior after naloxone injection, hence
leave the question unanswered if the rats were really
addicted to morphine. While some reports (Borg and
Taylor, 1994; Hui et al., 1996) indicate that the
chronic morphine drinking can indeed establish a
drug-craving-like condition, other studies could not
confirm this finding (Hinson et al., 1986; Jurna et al.,
1992). Also the present study shows that the chronic
morphine drinking does not lead to addiction due to
the lack of a strong rewarding effect of the drug;
however, the morphine-drinking model might give
different findings according to the experimental set-
ting of factors like the duration of treatment, the em-
ployed dose or the animal type.

Concerning the treatment period, most articles
describing the use of morphine in the drinking water
are consistent regarding a treatment for 3 weeks (Borg
and Taylor, 1994; Fabian et al., 2003; Hui et al., 1996;
West et al., 1997), but as the first week is normally
used to increase the morphine concentration stepwise,
the rats receive the final morphine concentration only
for two weeks. In contrast, the Wistar rats of this
study were receiving the same daily dose of morphine
during the entire treatment period of 3 weeks. How-
ever, a longer treatment phase might be necessary to
generate addicted animals, and a treatment period of
69 d has been reported (Silva and Heyman, 2001).

Regarding the dose, various morphine concen-
trations, ranging from 0.2 mg/ml to 1.2 mg/ml, have
been added to the drinking water (Hinson et al., 1986;
West et al., 1997). While some research group have
pointed out the adding of sugar to the water is nec-
essary to ensure the drinking (Hui et al., 1996), other
groups showed that normal tap water with the same
morphine concentration was also consumed (West et
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al., 1997). In this study, 5% sucrose was added to the
drinking water mainly to ensure a constant morphine
consumption within several hours. However, the
adding of morphine at a concentration of 0.1 mg/ml
already affected the drinking of the rats, and a higher
morphine concentration of 0.2 mg/ml in the sugar
water further reduced the fluid intake (data not
shown). Accordingly, it was not possible to increase
the morphine concentration in the sugar water without
impairing the drinking of the Wistar rats. Neverthe-
less, the experimental design of this study ensured
that each Wistar rat received a constant daily mor-
phine dose of 35 mg/kg for three weeks. Higher doses,
ranging from 50 mg/kg to 82 mg/kg (Dai et al., 1984;
Jurna et al., 1992; Silva and Heyman, 2001) have
been used, but they did not always lead to addicted
animals. While Hui et al.(1996) reported that an av-
erage dose of about 80 mg/kg was sufficient to gen-
erate morphine-preferring rats, Jurna et al.(1992)
could not confirm such preference, even when the rats
received two additional daily morphine injections to
increase the dose from 80 mg/kg to 270 mg/kg.

Various rat strains like Lewis rats (West et al.,
1997), F344 rats (Yamamoto and Mizuguchi, 1992)
as well as Long Evans rats (Tiong et al., 1992) were
all used previously in morphine-drinking experiments,
but according to Dai et al.(1984) Sprague-Dawley
rats seem to be the strain of choice as the animals
showed after a treatment and withdrawal phase a
preference for the morphine solution. However, it
must be pointed out that the reported relapse appeared
gradually over a period of 4 d and that the animals
drank not exclusively from the morphine-containing
bottle, raising the question if these animals were
really addicted and making it worthwhile to test the
Wistar rat. In general, we found that Wistar rats are
more suitable for the morphine tolerance test than
Sprague-Dawley rats or F344 rats (data not shown),
and as the observed loss in body weight and the de-
velopment of morphine tolerance indicate, Wistar rats
are susceptible to the opiate and thus suitable for
investigating the impact of morphine. However, we
cannot exclude that another rat strain responds better
to the opiate.

It is interesting to note that the mor-
phine-drinking Wistar rats, despite having free access
to food, lost weight and developed tolerance, but
showed after 3 weeks of treatment no morphine

preference. Hence, although weight loss and tolerance
are clearly indicative of the influence of the drug, they
do not necessarily reflect complete addiction and
substance dependence. A commonly used method to
verify morphine dependence is the injection of
naloxone and a follow-up observation of the animals.
This method was not used in this study to allow the
animals to detoxify themselves gradually. Moreover,
withdrawal signs like teeth chattering, diarrhea and
writhing are not easily quantifiable (West et al., 1997),
and, like body weight and morphine tolerance, rather
indicate the impact of morphine than substance de-
pendence. Hence, future research should also try to
figure out how addiction can clearly be detected.

Future experiments investigate if the use of
sugar in the drinking water might interfere with the
outcome of the results or not. The large increase in the
consumption of 5% sucrose-water of both animal
groups on day 30 (Fig.4) could be interpreted as a
relapse, indicating that the rats developed a strong
preference for the sugar during the experiment.
However, as the rats were offered on those days two
bottles of sucrose-water (one without and one with
morphine) at the same time, it is more likely that the
remaining bitter taste of the morphine solution (Fig.2,
day 1) prevented the intake. Also, it can be assumed
that the rats had first to adapt to their new environ-
ment on day 29 and thus drank less, while on day 30,
after becoming familiar with environment, drank
normally. Accordingly, the increase in sucrose con-
sumption on day 30 can be a typical behavioral re-
sponse.

In summary, this study showed that chronic
morphine consumption can only establish morphine
tolerance, but does not necessarily lead to morphine
addiction, making it necessary to re-evaluate estab-
lished animal models for their potential to generate
strong rewarding effects and to reflect drug addiction,
especially drug craving and relapse. Future experi-
ments have also to investigate if the use of sugar in the
drinking water might interfere with the outcome of
the results or not.
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