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CRISWELL, H E AND A RIDINGS Intravenous self-admuustration of morphine by naive mice  PHARMACOL
BIOCHEM BEHAYV 18(3) 467470, 1983 —A simple method for IV self-administration of drugs by mice 1s described When
morphme (0 5 mg/kg) was made contingent on a nosepoke response, naive mice mcreased their rate of nosepoking when
compared either with ammals receiving contingent saline vehicle injections or yoked control anmimals receiving noncontin-

gent morphine
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SINCE the pioneering work of Spragg in 1940 [12] there has
been increasing interest in development of an animal model
of opiate abuse 1n humans The use of intravenous (IV) self-
administration has received attention because 1t parallels the
preferred mode of human administration It s also consistent
with known rules of reinforcement which require that the
psychoactive effect of the drug must occur within a reason-
ably brief time after the response which 1s to be remnforced
(71

Using IV self-administration, rats [2, 3, 9], cats [8], dogs
[6], rhesus monkeys [10], and baboons [4] have all been
shown to self-administer opiates under some conditions We
now describe a simple method for drug self-administration
studies in mice based upon Moran and Straus’ [11] chronic
IV infusion technique and the use of a nosepoke response
We show that mice will self-administer morphine using this
paradigm without previously having been made dependent
upon opiates To our knowledge, this 1s the first demonstra-
tion of IV self-admimstration of a substance by mice

METHOD
Ammals

Twenty adult, female ICR Swiss-Webster mice (30 to 35
grams) were earmarked and group housed four to a cage with
food and water available ad Iib for the duration of the study
All ammals were naive to the drugs and experimental ma-
nipulations at the beginming of the study

Apparatus

Mice were tested mn a pair of Plexiglas cages 8 cm square
and 15 cm high with two 1 2 cm holes on opposite sides of the
cage and 0 5 cm above the floor (see Fig 1) The mouse was
restramned by placing it inside the cage with its tail extending
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through one of the holes The tail was then taped to a hori-
zontal surface outside the cage allowing access to the lateral
tall vems [11] To afford the largest contact area possible
between the tail and tape, a piece of tape was wrapped
around a tongue depressor and taped to the table outside the
cage The tail was then held agamnst this tape by another
piece of masking tape near the base of the mouse’s taill The
tape was, therefore, in contact with the entire diameter of the
tall The mouse was held by the stickiness of the tape not by
1ts tightness

The wall opposite the tail hole held a manmipulandum con-
sisting of a 1 2-cm hole with a grain of wheat hght (Radio
Shack #272-1144) and a photodarlington (Poly Paks #92 CU
3276) mounted outside the hole so that when the tip of the
mouse's nose €xtended 1 mm through the hole, 1t mterrupted
the Light beam to the photocell and was counted as a
nosepoke response The photodarlington was interfaced di-
rectly to the mput port of a SYM-1 microcomputer which
monitored responses, activated a Camden Instruments
cumulative recorder and operated a Sage Instruments
syringe pump to deliver solution contingent on a nosepoke
response

An IV mjection needle was made by removing the steel
cannula from a disposable 26-gauge /s inch hypodermic
needle and press fitting that cannula into a length of 28-gauge
Teflon tubing

Procedure

At the beginning of each session, the mice were removed
from their home cages and placed 0 5 meters below a 250-
watt heat lamp for approximately 2 min This produced vas-
odilation of the tail and eased insertion of the IV needle into
a lateral vemn [11] During insertion, the needle was held as
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FIG 1 Mouse test cage for drug self-administration Dimensions
are 8 cm long, 8 cm wide and 15 cm high Nosepoke and tail holes
are 12 cm in diameter and centered 0 5 cm above the floor A
photocell and hight are mounted on the outside of the box so that a
nosepoke interrupts the light beam A piece of masking tape is
wrapped around a thin object (such as a tongue depressor) which 15
taped to the table top The mouse is placed in the cage with its tail
protruding through the hole The tail 1s then taped to the object with
masking tape, allowing room to insert the IV needle distal to the
tape

near parallel to the tail as possible with the beveled side of
the needle out A test injection of 5 ul was then made and
proper placement verified by observing the bolus of drug
moving through the tail vein Improper insertion was accom-
panied by blanching of the tail at the site of injection Proper
msertion occurred on the first attempt approximately 509% of
the time If the needle was not properly placed, it was re-
moved, reinserted and retested In all cases, proper insertion
was achieved with 4 or fewer attempts At the end of a
45-mn trial, the needle was removed and the amimal was
returned to its home cage Mice adapt rapidly to this form of
immobolization and some investigators have maintamed 1V
mjections contiuously for several days using the technique
[11]

Anmmals were divided into 10 pairs at the beginning of the
study One amimal of each pair received either morphine
sulfate (0 5 mg/kg disolved in 5 ul of saline) or the saline
vehicle alone (5 ul delivered during /2 sec) contingent upon a
nosepoke response The other animal served as a noncontin-
gent yoked control and received either morphine or saline as
appropriate when 1ts partner responded

Each pair was tested for two 4-day periods with 7 days
separating the test periods Days | and 2 were tramming days
where morphine or saline was available and days 3 and 4
were extinction days to return the animals to their oniginal
operant levels IV needles were not inserted during extinc-
tion trials Tramning trials lasted 45 min or until the ammal
had self-admimstered 20 mg/kg of morphine or an equivalent
number of injections of saline Extinction trials lasted 30 min
each and the 2 training and 2 extinction trials were conducted
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FIG 2 Means (wide bars) and standard errors (narrow bars) are
shown for mice receiving contingent saline—SC, noncontingent
saline—SN  contingent morphine—MC, and noncontingent
morphine—MN Responses were made during a 45-mn test period

during 4 consecutive days Following a 7-day rest period
each pair repeated the training and extinction procedure with
animals which recerved saline now receiving morphine and
vice versa Each animal therefore, received both morphine
and saline in counterbalanced order The 10 pairs of ammals
were divided nto 2 groups of 5, one group recerving mor-
phine sulfate during the first two training sesstons, while the
other group received sahine first Two pairs of animals from
the group recerving morphme first were dropped from the
study following malfunction of a photocell during training
Complete data were analyzed for the remaining mice

RESULTS

Mean response rates of the four groups during the second
drug day are shown in Fig 2 Pawred comparison ANOVAs
[1] showed a statistically reliable increase n response rate
when morphine mjections were contingent on the responses
as compared to the noncontingent control F(1,7)=13 25
p<001, and to the saline control, F(1,7)=13 87, p<0 01
During the first day of extinction response rates were 0 78
responses/min for the mice which had previously recerved
contingent morphine, 0 85 for noncontingent morphine and
0 83 for contingent saline There were no significant differ-
ences, F(2,7)<1, p>0 5, between these response rates

Cumulative records depicting acquisition of the nosepoke
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FIG 3 Cumulative records for Day 1 are shown for the 5 animals which received contingent morphtne
during their second test period Response rates are low during the first part of the test for 4 of §
animals One animal responded rapidly from the start and received 20 mg/kg of morphine within the
first 10 min 3 of the remaining 4 animals showed increases in response rate late in the training session
This pattern 1s typical of ammals acquiring a reinforced response

response are shown in Fig 3 These animals had previously
experienced 2 days of saline followed by 2 days of extinction
and 7 days rest They. therefore, had relatively low operant
levels

DISCUSSION

The nosepoke response 1s a useful response in drug self-
admimistration studies It 1s a more natural operant for a
mouse than the traditional lever-press response and 1s less
vulnerable to drug-induced motor tmpairment [5] The rela-
tively high operant level of this response also eliminates the
need for shaping The response needs only to be brought
under the control of the experimental contingencies

When delivery of a small dose of morphine was made
contingent on a nosepoke response, mice had higher rates of
responding when compared to control groups which received
etther saline or noncontingent morphine This suggests that
morphine was acting as a reinforcer for the nosepoke re-
sponse Further evidence of the reinforcing properties of
morphine injections comes from the positively accelerating
slopes of the cumulative response records shown in Fig 3
The use of taill vemn mjections mto mice. thus, appears to
represent a viable method of demonstrating remforcing
properties of an experimental drug The use of noncontin-
gent yoked controls 1s important in this procedure since
changes 1n activity level due to the drug might alter the oper-

ant level of the nosepoke response independently of the rein-
forcing effects of the drug

It 1s especially interesting that these animals acquired the
response without prior drug experience In the past, many
studies {2, 3, 4, 9] have used ammals previously made de-
pendent The reinforcing effect of the morphine injections in
those nstances can thus be explained by negative reinforce-
ment through reduction of aversive withdrawal effects The
present study suggests that naive mice will self-administer
morphine and that morphine acts as a positive reinforcer
The lack of differential responding during extinction 1s
somewhat troubling but may simply be due to the mimimal
training or to the differing procedure between training and
extinction sessions The animals were not placed under the
heat lamp and IV catheters were not inserted during extinc-
tton These are possible discriminative stimuli which were
absent during extinction sessions Also, the shorter sessions
during extinction ehminated the time period (the last 15
minutes) during which greatest differences were observed
between experimental and control sessions This suggests
that session length may be an important variable using this
procedure The methodology used in the present study does
not appear to be stressful to the mice [11] and allows com-
parison of the several available mouse strains It should
be usable with any water soluble drug, offering a simple
and 1nexpensive methodology for examming drug self-
administration
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