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A Single-dose Suppression Test in Morphine-dependent Mice! (37987)
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During the evaluation of a number of
potential nonequilibrium analgesic receptor
inactivating compounds (1), the need arose
for a simple screening test for the predic-
tion of dependence liability. Although the
single-dose abstinence suppression tech-
nique has been used successfully in mon-
keys for a number of years in Seever’s
laboratory (2), this technique has not been
exploited extensively in smaller species.
Also the single-dose suppression method
in monkeys did not appear to predict the
dependence liability in man of some classes
of compounds, notably the benzomorphans
(3).

In the morphine-dependent mouse, a
peculiar abstinence sign is an apparently
uncontrollable urge to jump (4). This
withdrawal jumping behavior has been
shown in Way’s laboratory to be a sensi-
tive indicator of the degree of dependence
(5). The jumps have been quantitated by
a simple quantal method (5) and by obser-
vation of number of jumps (6, 7). Using
the all-or-none measure, Way et al. (5)
had shown previously that a single dose of
a number of narcotic analgesics including
a benzomorphan drug, could suppress with-
drawal jumping in morphine-dependent
mice while other central nervous system
depressant drugs could not. In the present
paper, we describe a more sensitive single-
dose suppression test based on a quantita-
tive method for assessing withdrawal jump-
ing in morphine-dependent mice.

1This work was supported by U. S. Public
Health Service Grant DA 00289.

2 Visiting Postdoctoral Fellow from the De-
partment of Pharmacology, University of Ankara,
Faculty of Medicine, Ankara, Turkey.

Methods and Materials. Male Simonsen
mice weighing 20-25 g were used in all
experiments. The animals were treated sub-
cutaneously with 50 mg/kg morphine sul-
fate, t.i.d. for two days and 100 mg/kg,
t.i.d. on the third day prior to subcutaneous
implantation of morphine pellets. Each pel-
let contained 75 mg of morphine base and
the entire composition was described earlier
(8). The pretreatment with injections of
morphine prior to pellet implantation re-
duced the mortality rate and assured us
that at least 70% of the mice would exhibit
the withdrawal jumping behavior. Seventy-
two hours after pellet implantation, the
pellet was removed and the area was irri-
gated with saline solution to assure com-
plete removal of the pellet debris. Six hours
after the removal of the pellets the mice
were color coded with felt tip markers and
placed in a 45 X 45 cm Plexiglas cylinder
five at a time, and the number of animals
jumping as well as the number of jumps
for each animal was recorded for 15 min.
A response was considered a jump when
all four feet left the floor at the same time.
In confirmation with the observations of
Way et al. (5), maximum percentage of
animals jumped between 6-8 hr after pellet
removal. Also the maximum number of
jumps per animal occurred during this
time interval. The animals were then in-
jected subcutaneously with one of the test
drugs for the single-dose suppression test.
In each set of experiments, three test drugs
were evaluated and 8-10 mice were in-
jected for each test drug. The test drugs
as well as saline solution were all coded
and the test was performed blindly by the
experimenter. One hour after the adminis-
tration of the test drug, the animals were
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again observed for their jumping behavior
for 15 min as described above.

Fifteen to seventeen hours after the ob-
servation of withdrawal jumping, animals
in each test group were subdivided into
groups of 4-6 animals and the ED50 of
naloxone was determined by the up and
down method of Dixon (9). The end point
was a simple quantal method of whether
the mouse jumped or not within 15 min
after each intraperitoneal dose of naloxone.
The experimenter also tested these animals
blindly, i.e., he did not know which drug
the mice had previously received the day
before.

- The nonparametric method of Wilcoxon

(10, 11) for paired differences was used
to statistically analyze the number of jumps
before and after the test drug. Chi square
analysis was used where quantal data are
presented.

Morphine sulfate and methadone hydro-
chloride were obtained from Mallinckrodt
Chemical Works, levorphanol tartrate and
dextrorphan tartrate from Hoffmann-La-
Roche, Inc., GPA 1657 (1-1,2,3,4,5,6-hexa-
hydro-3,11-dimethyl-6-phenyl-2,6-methano-
3-benzazocin-8-ol-HCl) and GPA 1658
(d-isomer) from Geigy Chemical Corp.,
aminopyrine from K & K Laboratories, Inc.,
nalorphine hydrochloride and anileridine
hydrochloride from Merck and Co., Inc.
and naloxone hydrochloride from Endo
Laboratories, Inc. Solutions of the drugs
were made in saline solution such that 10
ml/kg were administered subcutaneously.

Results. A number of known narcotic,
non-narcotic and narcotic antagonists were
tested by the described method and the
results are recorded in Table I. Using the
all-or-none measure for withdrawal jump-
ing, relatively high doses of all narcotic
drugs significantly suppressed the incidence
of jumping. However, when graded doses
of morphine or methadone were tested, in-
cidence of jumping was not significantly
suppressed at doses below 10 mg/kg. On
the other hand, when the number of jumps
per animal was statistically analyzed, highly
significant suppression of the number of
jumps was observed even at a dose as low
as 1 mg/kg of morphine. The administra-

TEST 1233
tion of saline, aminopyrine or the antag-
onists, nalorphine and naloxone did not
suppress the withdrawal jumping. Both
antagonists appeared to slightly increase
the mean number of jumps per animal. The
experimenter was also able to show that
the inactive optical isomer of a morphinan
derivative, dextrorphan and a benzomorphan
derivative, GPA 1658 were not capable of
suppressing withdrawal jumping.
Additional information from the same
experimental animals were obtained the
next day by determining the EDS50 of
naloxone for precipitating jumping be-
havior. Inspection of Table I reveals that
in some instances, the up and down method
for small samples do not yield close, re-
peatable EDS50 values. Nevertheless the
mean ED50 gives a general indication of
the degree of dependence in the animals
of various groups. Generally, mice which
previously received compounds that did not
suppress withdrawal jumping exhibited
EDS50 values greater than one. This is
seen in the cases where the animals had
previously received saline, aminopyrine or
the inactive isomers. Mice which previously
received analgesics that suppressed with-
drawal jumping exhibited ED50 values of
0.5 mg/kg or less indicating that the degree
of dependence in these groups of animals
was greater than the above groups. ED50
values of above 3 mg/kg were observed in
those mice which had previously received
narcotic antagonists indicating that the loss
of dependence had been hastened and the
degree of dependence in these animals were
less than the saline-treated control animals.
Discussion. The single-dose suppression
test appears to be a sensitive test for the
prediction of narcotic dependence liability.
The sensitivity is heightened by counting
the number of withdrawal jumps as opposed
to an all-or-noné measure. This is clearly
apparent when graded' doses of the nar-
cotics are used in the suppression test. For
example, methadone at 5 mg/kg does not
significantly suppress the incidence of with-
drawal jumping which is in agreement with
Way et al. (5). However, when the num-
ber of jumps are statistically analyzed by
nonparametric methods, this dose of metha-
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done clearly suppresses the number of
jumps. This dose also visibly decreases the
severity of other signs of abstinence no-
tably the increased locomotor activity and
defecation.

The wvalidity of the present test is
strengthened by the fact that no false nega-
tives resulted, i.e., compounds known not
to support narcotic dependence does not
show up to be a positive suppressor of
morphine abstinence. This test also differen-
tiated between the benzomorphan optical
isomers, GPA 1657 and 1658. In single-
dose suppression studies in morphine-
dependent monkeys, GPA 1658 suppressed
the abstinence syndrome while the anal-
gesically active isomer, GPA 1657, did not
(3). GPA 1658 was also found to substi-
tute for morphine and initiate responding
for self-administration in rats, while GPA
1657 did neither (12). It appeared there-
fore that GPA 1657 was a potent analgesic
with little or no potential dependence ca-
pacity while GPA 1658 possessed depen-
dence liability with little or no analgesic
activity. Unfortunately in man, GPA 1657
was judged to be typically morphine-like
and to have significant abuse potential
(13). Results of the present study show
that perhaps the mouse-model should be
considered for more reliable predictions on
the dependence potential properties of the
benzomorphan-type analgesics.

The familiar Straub tail phenomenon and
analgesic activity produced in mice by nar-
cotic drugs have been offered as a rapid
screening test for the prediction of depen-
dence liability (14). One feature of the
dependence of the morphine-type is that
when animals become dependent on one
narcotic drug they are invariably cross-
dependent on all the other narcotic anal-
gesics. Thus, the main advantage the single-
dose suppression test has over the above
ones is that it measures directly the sup-
pression of abstinence due to morphine
dependency.

Finally, the use of the mouse as the test
subject has obvious economical advantages
over usage of larger species. There are no
maintenance problems, morphine depen-
dency is produced in just a few days and
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the test is simple enough to be performed
by relatively untrained personnel. Addi-
tional information as to the degree of de-
pendency in the same experimental animals
can be obtained with just a little additional
effort of determining ED50 of naloxone.

Summary. A simple single-dose suppres-
sion test based on a quantitative method
for assessing withdrawal jumping in mor-
phine-dependent mice has been established
for the prediction of dependence liability.
When various narcotic, non-narcotic and
narcotic antagonist agents were coded and
tested blindly, the experimenter was able
to identify all the drugs correctly.

The authors are grateful to Dr. Ralph Jacobsen
for supplies of naloxone, to Dr. F. H. Clarke for
GPA 1657 and 1658, and to Dr. M. W. Anders
for levorphanol and dextrorphan.
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