(I1). A balloon was implanted in each
subject intraperitoneally through a mid-
ventral incision, and the end of the bal-
loon was drawn through the cloaca to the
outside. The balloons of half the group
were slightly inflated; all females were
tested 16 to 18 hours later. Before im-
plant the groups were similar, but inhibi-
tion of the release call occurred only in
the distended females (Table 1). The re-
lease call returned within minutes of de-
flation.

The above experiments suggest that in
R. pipiens one mechanism for pituitary
regulation of breeding behavior involves
the ability of [Arg®]vasotocin to cause
water accumulation and subsequent in-
ternal pressure. This is the first time this
relationship has been described, and
more work is necessary to test its gener-
ality (12). This mechanism has ecological
relevance, since water is obligatory for
amphibian reproduction, and moisture is
often the most important trigger of repro-
ductive behavior (13).

CaroL Diakow
Biology Department,
Adelphi University,
Garden City, New York 11530

References and Notes

1. Frogs were obtained from Ward’s Natural Sci-
ence Establishment or from Mumley, Vermont;
all were of northern origin. There is some uncer-
tainty about the actual species provided when
Rana pipiens are obtained from a central supply
house. In order to minimize the possibility that
differences between groups within an experi-
ment are due to different species in each group,
all animals in any one experiment were from the
same shipment. )

. G. K. Noble and L. R. Aronson, Bull. Am. Mus.

Nat. Hist. 80, 127 (1942).

. C. Diakow, Physiol. Behav. 19, 607 (1977).

W. H. Sawyer, Endocrinology 75, 981 (1964).

. The manual stimulation method has been de-
scribed (3), and it was shown that the results of
this method parallel those obtained when male
frogs are used to test the females.

6. The median latency to oviposition from the start
of amplexus (clasping by males) was 2 hours
40 minutes, and ranged from 13 minutes to more
than 9 hours.

7. In all experiments, frogs were housed on receipt
in community tanks containing a dilute solution
of Agristrep (streptomycin sulfate). When the
frogs were introduced to the experiment, they
were housed in pairs (first two experiments),
groups (third experiment), or singly (last two ex-
periments) in water without Agristrep. The labo-
ratory temperature was usually 21° to 23°C, and
the overhead fluorescent lights were kept on for
14 hours per day.

8. N. Mayer, Comp. Biochem. Physiol. 29, 27
(1969).

9. A. Krogh, Osmotic Regulation in Aquatic Ani-
71719%1.9?) (Cambridge Univ. Press, Cambridge,

10. Resistance was measured through two elec-
trodes 8 mm apart and 8 mm deep in solution.

11. Each frog was placed with a damp paper towel
in a loosely covered jar.

12. W. Russell [Behaviour 7, 113 (1954)] induced
breeding behavior in a totally aquatic frog, Xe-
nopus laevis, with chorionic gonadotropin.

13. S. N. Salthe and J. S. Mecham, Physiology of
the Amphibia, B. Lofts, Ed. (Academic Press,
New York, 1974), vol. 2.

14. I thank B. Colodne who assisted during the ex-
periment with [Arg®]vasotocin, Drs. H. Jervis
and J. W. Lazar for discussion of these experi-
ments as they were in progress, and Drs. E.
Brodie, H. Grob, D. Jones, and S. Smith for
comments on the manuscript.

7 November 1977; revised 18 January 1978

B N

SCIENCE, VOL. 199, 31 MARCH 1978

Sustained Release of Alcohol: Subcutaneous Silastic

Implants in Mice

Abstract. A sustained-release device for use in ethanol dependence studies in mice
is described. The Silastic device, dubbed SERT (sustained ethanol release tube),
holds 0.35 milliliter of 95 percent ethanol (by volume) and is implanted under the skin
of the back where it releases ethanol for up to 12 hours, with no observable tissue
damage. The device may be adaptable to the release of other volatile liquids or

drugs, in other animals.

Studies on the mechanisms of toler-
ance and dependence produced by drugs
of abuse, including alcohol (ethanol), are
greatly facilitated by animal models of
drug intake (/). Many reports have been
devoted to defining, discovering, and uti-
lizing animal models of alcoholism (2),
and the cited criteria for a useful ‘*animal
model of alcoholism” vary from author
to author (1, 3). Although an oral route of
administration would be ideal for match-
ing the human condition of alcoholism,
the view has also been taken that the
route of administration is irrelevant to
research examining the pharmacology of
ethanol dependence and tolerance (). In
addition, it is impractical and tedious to
administer unpalatable drugs repetitively
by mouth in large samples of animals. To
this end, numerous sustained-release
forms of abused drugs have been report-
ed, including morphine (5), pentobarbital
(6), and amphetamine (7). To our knowl-
edge, however, no sustained release
forms of ethanol have been developed.

Working under the hypotheses that
maintenance of continuous intoxication
is the key to producing physical depen-
dence (4), and that tolerance and phys-
ical dependence on ethanol can be pro-
duced by its sustained release from an
implantable subcutaneous silastic tube in
mice, we have developed a sustained
ethanol release tube (SERT) for use in
mice and other animals. The standard
device is 60 mm in length and consists of
Dow Corning medical grade Silastic tub-
ing (3.35 mm inner diameter; 4.65 mm
outer diameter). The SERT is sealed at
one end with a siloxane polymer, closed
at the other end with a glass stopper (Fig.
1), and holds 0.35 ml of liquid. The pre-
tied neck prevents the stopper from
being inserted too far and maintains the
SERT in the correct position. The SERT
is implanted by aseptic techniques under
the skin of the back so that the sealed
end is near the tail and the stoppered end
protrudes through the skin at the neck of
the mouse, between the ears (8).

We have studied the release rates of
various ethanol concentrations from the
SERT implants in beakers of distilled
water and saline, at both room temper-
ature and body temperature, and found
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-(intraperitoneal)

that the release rates in vitro are propor-
tional to the concentration of ethanol in-
side the tube (data not shown). The re-
lease rate in vivo (9) is faster than that in
vitro, presumably in part because the
ethanol that is released in the mouse is
carried away by the circulation and me-
tabolized by the liver. Although release
of 95 percent (by volume) ethanol from
the tube is not linear, the mean release
rate in vivo from the standard SERT
over 12 hours has been calculated to be
760 mg per kilogram of body weight per
hour (18.2 g kg™! day™'), which is only
slightly greater than the normal rate of
metabolism of ethanol in the mouse [550
mg kg™! hour™! (10)]. We have found,
furthermore, that concentrations of alco-
hol in the blood of implanted mice vary
significantly, because of different rates of
metabolism within the strain (I1). We
speculate that variable ethanol release
rates from the SERT may thus occur. It
is therefore desirable to screen the mice
to eliminate those with very high and
very low rates of alcohol metabolism
(12). This is only for convenience, how-
ever; all animals can be used if care is
taken to give each animal supplemental
injections of alcohol
dependent upon its behavioral intoxi-
cation.

The rate of release of 95 percent eth-
anol from the SERT is ideal for maintain-
ing blood concentrations produced by an
initial intraperitoneal injection. of ethanol
(Fig. 2). Thus a ‘*high” dose of 3.5 g/kg
injected intraperitoneally will be main-
tained in a mouse with an implanted
SERT until death occurs, whereas the
same high dose injected into a mouse
with no SERT will produce a peak blood
alcohol concentration of 425 mg/dl (Fig.
2) plus ataxia or hypnosis lasting for ap-
proximately 2 hours (data not shown).
This intraperitoneal dose of 3:5 g/kg is
thus too high to be used in conjunction
with the SERT filled with ethanol. A
“low”” dose of 1.0 g/kg injected intra-
peritoneally is adequate for producing
tolerance and physical dependence with
the SERT, and will ‘initiate a blood alco-
hol concentration of approximately 200
mg/dl which is maintained for greater
than 12 hours with only slight decrement

1457



Silastic tubing

Silicone rubber sealer

/[\ 45 mm

Thread

)

Fig. 1. Diagram of the sustained ethanol release tube (SERT).

(Fig. 2). When SERT’s are filled with 95
percent ethanol but no intraperitoneal in-
jections are given, the concentrations of
alcohol in the blood remain insignificant,
apparently because the ethanol is metab-
olized as fast as it is released.

In a separate study, we found that if
the SERT is refilled every 12 hours and
gradually increasing doses of ethanol are
given intraperitoneally as tolerance
builds up, physical dependence will de-
velop. Mice were maintained on ethanol
by refilling the SERT’s twice daily with
95 percent ethanol (by volume) and given
twice-daily injections (intraperitoneally)
of 10 percent ethanol (weight to volume)
for 4 to 7 days. The initial injection of 0.5
g/kg (which subjectively produced slight-
ly decreased motor activity in most
mice) was increased in subsequent injec-
tions to 1.0 g/kg as the mice could toler-
ate it, such tolerance being indicated by
a slight increase in mean body weight
and activity of the group on a given day.
At midnight on the last day, the SERT’s
were emptied and a 1.5 g/kg dose of eth-
anol was injected intraperitoneally into
all mice. Average withdrawal seizure
scores of 1.5 to 2.0 were obtained after 4
days of exposure to ethanol (/3), com-
pared to 0.5 for saline-treated mice.

Alcohol has previously been adminis-
tered to mice on a long-term basis by

Fig. 2. Maintenance
of blood ethanol con-
centrations in mice 600 |
with SERT implanta-
tions. Ethanol (1.0
and 3.5 g/kg) was in-
jected intraperitoneal-
ly (i.p.) at time 0; the
SERT contained 0.35
ml of 95 percent eth-
anol (by volume) at
time 0. Twelve mice
were used for each
line, and retroorbital
blood samples were
collected from two
different mice at each
point. Blood alcohol

400

Blood ethanol (mg/dl)

200

means of vapor inhalation chambers with
(13) and without (/4) metabolic inhibitors
such as pyrazole, orally in the diets of
alcohol-preferring and nonpreferring
strains (/5), daily by intragastric in-
tubations (/6), or by multiple around-
the-clock injections. Compared with
these methods, the SERT has the follow-
ing advantages: (i) it is inexpensive and
simple to make and implant; (ii) it stays
in place for at least 14 days because of
the pre-tied neck; (iii) it is easy to fill or
empty, by means of a 1-ml syringe and
flexible PE 50 tubing; (iv) the glass stop-
per prevents evaporation and is easy to
remove in an awake mouse; (V) it is non-
toxic, and the 95 percent ethanol is re-
leased slowly so that there is no tissue
damage, even after 14 days (I7); and (vi)
weight loss after long-term exposure to
ethanol with the SERT is minimal and
appears to be related to the effects of the
mice being isolated (/8). Caloric control
studies with the SERT may thus not be
necessary, although studies with higher
intraperitoneal booster doses should in-
clude isocaloric glucose to match the cal-
ories provided by the SERT ethanol plus
booster doses of ethanol.

It is possible that other volatile liquids
such as acetaldehyde, methanol, tertiary
butanol, chloroform, or carbon tet-
rachloride can be tested by using this im-

- (Death)

A 35 g/kg + SERT
A 3.5 g/kg
@ 1.0 g/kg + SERT

O SERT
(N=2, each point)

1 I | | | 1 1

was measured by a 0
gas chromatographic
micromethod (19).
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plant, since preliminary studies in our
laboratories have shown that all of these
liquids diffuse through the implant, but at
different rates. The tube may also con-
ceivably be made larger for use in rats,
rabbits, guinea pigs, or hamsters. Mean-
while, the SERT appears to be a simple
and reliable device for the study of eth-
anol toxicity, tolerance, and physical de-
pendence in mice.
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A®-Tetrahydrocannabinol: Antiaggressive Effects in Mice,

Rats, and Squirrel Monkeys

Abstract. A%-Tetrahydrocannabinol, the most active constituent of marihuana, de-
creased species-specific attack behavior in mice, rats, and squirrel monkeys at doses
(0.25 to 2.0 milligram per kilogram of body weight) that have no effects on other
elements of the behavioral repertoire. Aggressive behavior was engendered in all
three species by confronting a resident animal with an intruder conspecific. The pres-
ent results contrast with the widely held belief that marihuana increases aggressive

behavior.

The link between cannabis and vio-
lence goes back at least to the anecdote
that fanatic members of a medieval Is-
maili sect, called the Assassins (hash-
shashin in Arabic), drank hashish before
slaying Crusaders. Contrary to folklore
and historical anecdotes, many experi-
mental studies show that acute adminis-
tration of cannabis extracts of A%tetra-
hydrocannabinol (THC), the major psy-
choactive ingredient in cannabis, re-
duces aggressive behavior in a variety of
situations and animal species (/). Yet,
the large doses required to decrease such
behavior in many of these studies raise
the question as to how specific this effect
is to aggressive behavior. Moreover, un-
der certain. experimental conditions,
acute administration of THC or cannabis
extract is reported to induce indiscrimi-
nate biting and bizarre postures in rats,
incorrectly referred to as ‘‘aggressive-
ness’’ (2).

Conclusions from laboratory studies
on the effects of THC on aggressive be-
havior in animals have been limited not
only because of high doses, but also be-
cause of the large variations in test con-
ditions and in behavior patterns which
are considered as ‘‘aggression.”” In the
present investigation, aggressive behav-
ior was engendered in mice, rats, and
squirrel monkeys by the same experi-
mental manipulations; namely, a stran-
ger animal intrudes into the home cage of
a conspecific or a group of conspecifics.
Fighting between resident and intruder
animals has wide species generality (3),
and results in intense aggressive behav-
ior including neck bites, attack leaps,
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threat displays, and defensive, sub-
missive, and flight reactions in the three
species studied. Concurrent monitoring
of agonistic as well as nonagonistic be-
havioral elements provides information
on which elements of the behavioral re-
pertoire are primarily altered by THC.
The present experiments demonstrate
that THC, in doses that produce mari-
huana-like effects in humans, specifically
and selectively decreases aggressive be-
havior in mice, rats, and squirrel mon-
keys subjected to similar experimental
conditions.

In the first series of experiments, male
Swiss-Webster albino mice (Zivic-Miller
Laboratories, Pittsburgh) were housed
individually in Plexiglas cages (28 by 18
by 13 cm) with free access to food and
water. After 4 to 6 weeks of individual
housing, each resident mouse was con-
fronted in the home cage with an intruder
mouse. Intruder mice were housed in
groups of five. Resident mice that re-
liably attacked the intruding mouse dur-
ing at least three consecutive 5-minute
tests without drug were assigned to re-
ceive THC ). The THC was injected in-
traperitoneally once a week in the resi-
dent mice (N = 15) and, on a second
weekly test day, in the intruder mice
(N = 15). The same resident and intrud-
er mice confronted each other through-
out all THC and vehicle tests. Each resi-
dent and intruder mouse received the dif-
ferent doses of THC (0.25, 0.5, 1.0, 2.0,
and 4.0 mg per kilogram of body weight)
in a systematically varied sequence fol-
lowing a Latin-square design. Tests with
vehicle only were conducted before and
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after those with THC. An intruder test
lasted 5 minutes after the first attack and
was terminated when no attack occurred
within 5 minutes. Videotape recordings
of all 180 drug and vehicle encounters
were analyzed by two experienced ob-
servers, each focusing on either resident
or intruder mouse. The observers were
unfamiliar with the drug treatment of the
animals. Latency, frequency, and dura-
tion of 11 reliably occurring acts and pos-
tures of agonistic and nonagonistic na-
ture were measured (5).

In a second series of experiments,
male rats of the Sprague-Dawley strain
(Zivic-Miller) which attacked an intrud-
ing rat in their Plexiglas home cage (28
by 28 by 38 cm) in three consecutive
tests were selected for THC administra-
tion. Individually housed resident rats
(N = 8) and group-housed intruder rats
(N = 10) were maintained at 90 percent
of their free-feeding weight and- paired
for intruder tests once a week, 1 to 2
hours before the daily feeding. As in the
tests with mice, the same pair of resident
and intruder rats confronted each other
during all drug tests. The frequency and
duration of the resident and intruder
rats’ agonistic and nonagonistic behav-
iors were measured for 5 minutes after
the initial attack as described (6). Resi-
dent rats were injected intraperitoneally
with one of four THC doses (0.125, 0.25,
0.5, and 1.0 mg/kg) and with vehicle on
alternating tests; in a separate series of
experiments, treatments were scheduled
in identical sequence for intruder rats.
Each rat was subjected to a random se-
quence of doses.

In a third series of experiments, an in-
truder monkey was introduced into two
separate indoor free-ranging colonies
each comprising two or three adult male
squirrel monkeys, three adult females,
and one infant (7). The resident sub-
dominant monkeys of one colony served
as intruders into the adjacent colony.
The THC, contained in a slice of banana,
was administered to either the resident
male monkey (N = 2) that had attacked
the intruder first and most in preceding
drug-free tests, or to the intruder mon-
key (N = 2). Drug was administered to
the resident and intruder monkeys on al-
ternate test days once a week. An as-
cending and descending sequence of
THC doses (0.25, 0.5, 1.0, and 2.0 mg/
kg) and vehicle tests was repeated in
each of the two resident and two intruder
monkeys. Three observers, two focusing
on the two resident males and one on the
intruder, recorded the freqilericy of 15
clearly identifiable agonistic and non-
agonistic acts, postures, and displays (8).
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