The complete disappearance of the
ocular dominance columns after monoc-
ular deprivation for the first 3 months of
postnatal life is not entirely surprising.
Hubel, Wiesel, and LeVay (3) have stud-
ied long-term monocular occlusion be-
gun at 2 weeks and at 3 weeks of age. In
both instances it was observed that,
while the combined width of adjacent
columns remained the same, there was
an enlargement of the width of the col-
umn representing the intact eye and a
corresponding reduction in the width of
the column of the deprived eye. A great-
er discrepancy in column widths was
found when the monocular deprivation
was initiated at 2 weeks rather than at 3
weeks of age, and it was suggested that
the difference in severity of the effects of
monocular deprivation was related more
to the age at which the monocular depri-
vation was initiated rather than to the to-
tal period of deprivation. The newborn
animals that we studied were monocular-
ly deprived on the first day of life. The
complete disappearance of the ocular
dominance columns and the functional
preemption of the territory normally oc-
cupied by the column representing the
occluded eye by that of the intact eye
may reflect this earlier deprivation.
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Brain Noradrenergic Systems as a Prerequisite

for Developing Tolerance to Barbiturates

Abstract. Mice treated with 6-hydroxydopamine before they were chronically fed
phenobarbital did not develop functional barbiturate tolerance, measured by dura-
tion of the loss of righting reflex and hypothermia. Injection of 6-hydroxydopamine
caused significant depletion of brain norepinephrine, while brain dopamine levels
were not significantly depleted. Intact brain noradrenergic systems seem to be neces-
sary for developing tolerance to the hypnotic and hypothermic effects of the barbitu-

rates.

Continual ingestion of sedative hyp-
notics such as barbiturates or ethanol re-
sults in the development of central ner-
vous system (CNS) tolerance to and
physical dependence on these drugs (7).
The neuronal systems that participate in
developing this tolerance and depen-
dence have not been defined. We now re-
port that intact brain noradrenergic sys-
tems may be necessary to develop toler-
ance to the hypnotic and hypothermic
effects of barbiturates. Male mice of the

C57B1/6 strain (22 to 24 g) were injected

intraventricularly with 10 ul of a solution
@) containing 50 ug of 6-hydroxy-
dopamine (6-OHDA, free base), or 10 ul
of an artificial cerebrospinal fluid (CSF)
(vehicle). Seven days after injection, the
mice were divided into four groups.
Group 1, the vehicle/control group, con-
sisted of mice pretreated with artificial
CSF, housed individually, and offered an
unlimited diet of ground Purina mouse
chow and water. Group 2, the 6-OHDA/
control group, consisted of mice pre-
treated with 6-OHDA, and housed and
fed as group 1. Group 3, the vehicle/bar-
biturate group, consisted of mice pre-
treated with artificial CSF, housed indi-
vidually, and offered a diet of ground
Purina mouse chow containing phe-
nobarbital (free acid). The drug was
present in the diet at a concentration of

Table 1. Effect of pentylenetetrazol injection
in barbiturate-withdrawn and control animals.

cljg_ Con-
Group vul- Yul-
. sions
sions
Vehicle/control 11* 1
6-OHDA/control 10 2
Vehicle/barbiturate 1 6
6-OHDA/barbiturate 1 9

*Number of animals exhibiting particular symptoms.
Animals having no symptoms or only tremors were
placed in the no convulsions category, while the
convulsions category included animals showing
clonic and/or tonic convulsions, or dying after con-
vulsions. Comparisons of vehicle/control and 6-OH-
DA/control, P = .39 [Fisher exact probability test
9)]; vehicle/barbiturate and 6-OHDA/barbiturate,
P = 51; vehicle/control and vehicle/barbiturate,
P =.002; 6-OHDA/control and 6-OHDA/barbitu-
rate, P = .001; vehicle/barbiturate and 6-OHDA/
barbiturate, P = .51. .
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3.5 g per kilogram of food for the first 3
days of continuous feeding, and at 4 g
per kilogram of food for the next 3 days.
Group 4, the 6-OHDA/barbiturate group,
consisted of animals first treated with 6-
OHDA and then fed the same barbitu-
rate-containing diet as group 3. After 6
days, all mice were fed the control diet
(withdrawal).

Blood levels of phenobarbital were de-
termined daily while the mice were con-
suming the phenobarbital-containing diet
and every 4 hours after withdrawal be-
gan (3). Mice were also weighed each
morning, and assessed for intoxication
by monitoring locomotor behavior and
coordination (4). Phenobarbital was re-
moved from the diet on the morning of
the seventh experimental day (5). The
mice were kept at 22° = 1°C and ob-
served at 4-hour intervals for overt signs
of withdrawal hyperexcitability; rectal
temperature was monitored during each
observation period (). After 24 hours of
withdrawal, several animals (Table 1)
from each group were injected with pen-
tylenetetrazol (50 mg per kilogram of
body weight, intraperitoneally), and
their behavior (6) was continuously mon-
itored for the next 30 minutes. Animals
that had been injected with pen-
tylenetetrazol were not used in any sub-
sequent studies.

Some of the remaining mice were in-
jected intraventricularly (7) with 200 ug
of sodium phenobarbital 44 hours after
withdrawal, and the duration of loss of
righting reflex (sleep time) and barbitu-
rate-induced hypothermia were mon-
itored (8) (Table 2). Upon regaining the
righting reflex, these mice were immedi-
ately decapitated, and their brains were
removed and analyzed for phenobarbital
(3). Other animals were injected intra-
peritoneally with sodium barbital (300
mg/kg), and the duration of the loss of
righting reflex was monitored. Brain
levels of norepinephrine (NE), dopamine
(DA), and serotonin in mice of all four
experimental groups were determined 44
hours after withdrawal (&8, 9).

Mice in the vehicle/barbiturate and 6-
OHDA/barbiturate groups had similar
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Table 2. Effect of 6-OHDA on functional tolerance to barbiturates in mice. Values are
means * standard deviation. Sleep time was defined as the interval (minutes) from the time of
injection until the animal could right itself three times in a 30-second period. Change in body
temperature (°C) is the difference between the pretreatment temperature and the temperature 5
minutes after injection of phenobarbital. Pretreatment temperatures were vehicle/control group,
36.6 = 0.4; 6-OHDA/control group, 36.4 = 0.2; vehicle/barbiturate group, 36.6 + 0.2; 6-OH-
DA/barbiturate group, 36.4 + 0.3. The maximum change in temperature was reached between 5
and 7.5 minutes after injection of phenobarbital.

Response to

. Brain level of
Mice phenobarbital injection -
Group tested - ph;nv?,l;]a(li:;tal
(No.) L Change in body
Sleep time temperature (ug/e)
Vehicle/control 13 119 £3.2 -2.6 +0.5 99.1 + 32.7
6-OHDA/control 9 13.4 = 4.1 -2.6 04 102.9 = 19.1
Vehicle/barbiturate 16 5.2 = 2.0% —1.1 £ 0.3*% 228.8 + 73.9%
6-OHDA/barbiturate 10 13.7 £ 5.0 —-2.6 + 04 95.0 = 329

*P < .001 compared to the other three groups.

(10) morning blood levels of phenobarbi-
tal throughout the 6 days of consuming
the drug-containing diet. These levels
ranged from 50 to 120 ug per milliliter of
blood for the 6-OHDA/barbiturate group
and 60 to 112 ug/ml for the vehicle/barbi-
turate group. Barbiturate in the blood
was not detectable (< 10 ug/ml) by 16 to
18 hours after withdrawal. Mice re-
moved from the barbiturate-containing
diet exhibited withdrawal signs charac-
terized by convulsive episodes and hy-
pothermia; these symptoms became evi-
dent 12 to 16 hours after withdrawal and
peaked approximately 20 hours after
withdrawal. The time course for appear-
ance and termination of overt behavioral
signs of barbiturate withdrawal were
similar in animals from the vehicle/barbi-
turate and the 6-OHDA/barbiturate
groups. Although animals in the 6-OH-
DA/barbiturate group had more con-
vulsions during withdrawal than animals
in the vehicle/barbiturate group, the dif-
ference was not statistically significant
[P > .1, Fisher exact probability test
(10)]. Withdrawal-induced hypothermia
was also similar in these two groups (11).

Mice in the 6-OHDA/barbiturate and
vehicle/barbiturate groups exhibited sig-
nificantly more episodes of clonic and

tonic convulsions after injection of pen- -

tylenetetrazol (Table 1) than animals in
the vehicle/control and 6-OHDA/control
groups. Animals in the vehicle/barbitu-
rate group were not significantly dif-
ferent in response to pentylenetetrazol
than animals of the 6-OHDA/barbiturate
group (P = .5, Fisher exact probability
test). ;
Functional tolerance to barbiturates
was determined 44 hours after with-
drawal, when no overt signs of with-
drawal hyperexcitability were evident.
Animals of the vehicle/barbiturate group
displayed significant tolerance to both
the hypnotic and hypothermic effects of
intraventricularly injected sodium phe-
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nobarbital (Table 2). This tolerance
could be ascribed to changes in CNS
sensitivity to barbiturate rather than to a
change in its metabolism, since brain lev-
els of phenobarbital in the vehicle/barbi-
turate group, when they regained the
righting reflex, were more than twice
those in the vehicle/control or the 6-OH-
DA/control groups. At the time of wak-
ing, however, animals in the 6-OHDA/
barbiturate group had brain phenobarbi-
tal levels comparable to those of animals
which had not received barbiturate in
their diets (vehicle/control and 6-OHDA/
control groups). In addition, when mice
of the vehicle/barbiturate group were in-
jected intraperitoneally with (300 mg/kg)
sodium barbital, a barbiturate not metab-
olized by the liver microsomal drug oxi-
dase system (I2), they slept 173 = 32
minutes; the sleep time of animals in the
6-OHDA/barbiturate group (226 + 70
minutes) did not differ significantly from
those of the vehicle/control (250 = 84
minutes) or the 6-OHDA/control (223 =+
72 minutes) groups. The development
of metabolic tolerance to barbiturate,
however, was not influenced by prior
treatment of animals with 6-OHDA. The
rate of barbiturate degradation in animals
of the two drug-fed groups was signifi-
cantly increased over rates of barbiturate
metabolism in the control groups (I1).
Although brain DA levels were re-
duced by administration of 6-OHDA,
they were not significantly different be-
tween the 6-OHDA and vehicle-treated
animals (P > .1, t-test). Norepinephrine
levels were reduced more than 50 per-
cent in the 6-OHDA-treated animals,
and these differences were statistically
significant (P < .05, t-test) compared
with vehicle-treated controls. The brain
amine levels (nanomoles per gram of tis-
sue * standard deviation) of eight mice
in each of the groups were: vehicle/
control group, NE =24 = (0.7, DA =
6.6 = 1.1, S-hydroxytryptamine (5-HT)

= 4.2 £ 0.3; 6-OHDA/control group,
NE = 1.1 £ 0.5, DA = 5.2 £ 0.6, 5S-HT
= 4.3 = 0.8; vehicle/barbiturate group,
NE = 2.9 = 0.3, DA = 7.0 = 1.5, 5-HT
= 4.3 = 0.7; 6-OHDA/barbiturate group,
NE = 1.2 = 0.3, DA = 5.6 + 1.4, 5-HT
=4.0 % 0.5.

Morgan (I3) found that the treatment
of rats with multiple injections of 6-OH-
DA, causing a more than 90 percent re-
duction in NE and a 72 percent depletion
of DA, produced an earlier onset of bar-
biturate withdrawal seizures, and in-
creased the number of convulsions oc-
curring after barbiturate withdrawal. The
less extensive destruction of cate-
cholaminergic neurons under our experi-
mental conditions was not found to sig-
nificantly alter the monitored signs of
barbiturate withdrawal. Our results in-
dicate the partial destruction of cate-
cholaminergic systems in the brain pre-
vents or postpones the development of
functional CNS tolerance to the sedative
and hypothermic effects of barbiturates.
We had previously demonstrated (8, 14)
that destruction of noradrenergic rather
than dopaminergic neurons is of primary
importance in preventing the develop-
ment of tolerance to sedation and hypo-
thermia produced by ethanol. Since we
did not produce significant destruction of
DA neurons in the present studies, our
current results support the necessity of
intact noradrenergic neurons for devel-
opment of tolerance to barbiturate as
well. Further support for this comes
from recent studies (15), in which we
demonstrated that selective lesions of
the NE-neurons within the dorsal and
ventral bundles could prevent the devel-
opment of tolerance to barbiturates.
Thus, the noradrenergic systems of the
brain may play a pivotal role in initiating
those responses that result in developing
tolerance to sedative hypnotics. In our
studies the NE neurons destroyed do not
seem to be responsible for determining
sensitivity to the sedative and hypother-
mic effects of an acute dose of barbitu-
rates, since we found no significant dif-
ferences in either sleep time or hypother-
mia between mice of the vehicle/control
and 6-OHDA/control groups in response
to the challenge dose of sodium pheno-
barbital (Table 2). :

Our results also emphasize the need
for caution when studying the neural
mechanisms that determine the develop-
ment of tolerance to and dependence on
sedative hypnotics. It has been sug-
gested by several investigators (16) that
the development of tolerance and of
physical dependence are equivalent.
However, our studies demonstrate that
the development of tolerance to certain
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effects of ethanol and barbiturates can be
prevented, without halting the develop-
ment of physical dependence, as ex-
emplified by appearance of a withdrawal
syndrome upon discontinuation of

chronic drug ingestion.
Boris TABAKOFF, JOSEPH YANAI
RoNALD F. RITZMANN

Department of Physiology and
Biophysics, University of lllinois
Medical Center, Chicago 60612
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Potency in Male Rhesus Monkeys:

Effects of Continuously Receptive Females

Abstract. Ejaculations decreased and mount latencies increased when intact
males were paired regularly over a 3.5-year period (3180 tests) with ovariectomized
females made constantly receptive by daily injections of estradiol. The deterioration
in potency was abruptly and completely reversed by substituting a group of new but
similarly treated females for the original ones.

Although data are not complete and
exceptions occur, the majority of pri-
mate genera that have been studied show
breeding seasonality (I). The virtual lack
of a sexual season in the human appears
to place us in a somewhat special cate-
gory. Man also differs from other higher
primates because the influence of the fe-
male’s menstrual cycle on the sexual ac-
tivity of the pair appears to be reduced.
The clear-cut sexual rhythms shown by
certain Old World monkeys and apes (2)
are more difficult to detect and quantify
in the human (3). With the added psycho-
social implications of the use of oral con-
traceptives, which tend to dampen the
hormonal fluctuations natural to the
woman’s cycle, we have a situation in
which the human is emancipated from
most of the physiological and environ-
mental factors that are responsible for
sexual periodicity in lower mammals. In
a species such as the rhesus monkey, the
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males show greater potency than men
and are regularly able to ejaculate from
one to four times in daily 1-hour tests,
but in the wild, they are maximally ac-
tive for only about 8 to 12 weeks each
winter during the height of the relatively
brief mating season. Sexual activity is al-
so restricted in the female because a 165-
day pregnancy normally supervenes, and
sexual activity is virtually abolished dur-
ing lactation. If pregnancy should fail to
occur, there is usually a 3- to 4-month
period of summer amenorrhea (). Thus,
both the male and female are seasonal;
this is emphasized here to draw atten-
tion to a major difference between the
sexual activity of our own species, in
which sexual life is almost uninterrupt-
ed, and that of most other primates,
for which rhythmicity and periodicity
are the rule.

We report here on the decline in the
potency of male rhesus monkeys when
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paired with female partners maintained
in a continuously receptive state (to bet-
ter resemble the human condition) over a
4-year period. We also report on the dra-
matic restoration of potency brought
about by changing the female partners.

Four adult male (weighing 9.8 to 11.3
kg) and eight adult female (weighing 4.6
to 7.2 kg) rhesus monkeys were obtained
through dealers directly from India and,
after 4 to 10 months of quarantine,
housed in individual cages in an animal
room where the temperature was main-
tained throughout between 20.0° and
23.3°C. Artificial lighting was rigorously
controlled to give a 14-hour day between
0615 and 2015 hours. Females were
ovariectomized and throughout the ex-
periment received daily 10 ug of estra-
diol benzoate in 0.2 ml of sesame oil in-
jected subcutaneously (5, 6). Once a day,
5 days a week, from December 1972 to
March 1975, each male was given 1-hour
sexual behavior tests with one of four fe-
males. Females were used in rotation on
consecutive days so that each female’s
test with the same male recurred every
fifth test day. In this way, each male was
paired with four different female partners
(16 pairs) to provide variety and to con-
trol for the effects of individual partner
preferences (7). Behavior testing was
carried out in large observation cages
with one-way mirrors as previously de-
scribed (6, 8). At all other times each ani-
mal was housed in a single cage. In
March 1975, the four original female
partners (‘‘old’’ females) were replaced
by four similarly treated ones (‘‘new’’ fe-
males) that had not previously been test-
ed with these males. After 4 weeks of
testing, the ‘‘new’’ females were re-
placed by the original ‘‘old’’ females,
and testing continued with this latter
group without interruption until March
1976. The behavioral indices given quan-
titative treatment here were (i) mean
number of ejaculations per test and (ii)
mean latent period (in minutes) to the
first male mounting attempt per test.
Blood samples (3 ml) were collected
weekly at 0800 hours from the saphenous
veins of untranquilized males previously
adapted to the venipuncture procedure
9), and plasma testosterone was esti-
mated by radioimmunoassay without
chromatography (10).

Figure 1 shows changes in the mean
number of ejaculations per test (top) and
in the mean latency to the first male
mounting attempt (bottom) in four suc-
cessive years (1973, 1974, 1975A, 1976)
during the months of January and Febru-
ary (to control for the effects of season
and other long-term variables). By the
fall of the second year of regular testing
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