Table 1. Production of unresponsiveness in
rabbits by injection of copolymers of alpha
amino acids within 24 hours after birth. The
results are based on passive cutaneous ana-
phylactic tests (adj., adjuvant; iv. intraven-
ous injection).

Rabbits reacting

Injections after immunizations
Group given
1st* 2ndt
GA
T Test adj., adj. 0/12 7/11
I Control adj., adj. 5/7 47
II Test iv., adj. 0/6 0/6
II Control iv., adj. 0/3 3/3
GLA30
1 Test adj., adj. 0/12 9/12
I Control adj., adj. 5/6 5/6
II Test iv., adj. 0/6 0/6
II Control iv., adj. 1/4 2/4
GLAT
I Test adj., adj. -0/9 8/8
I Control adj., adj. 5/5 5/5
II Test iv., adj. 2/10 5/10
II Control iv., adj. 4/5 5/5

* Results obtained 3rd week after adjuvant or last
intravenous injection. + Results obtained 3rd
week after second adjuvant injection.

and glus lysa alas tyrs (GLAT) have
been described previously (3, 4, 6). The
average molecular weights were 33,000,
62,000, and 35,000, respectively.
Unresponsiveness was induced by in-
jecting New Zealand white rabbits intra-
peritoneally within 24 hours after birth
with 100 mg of the antigen. Eighteen
animals were used for each antigen and
litter mates were kept as controls (ten
rabbits per antigen). At 2% months of
age, the experimental and control rab-
bits were bled for serum and then
divided into two groups. Animals of
group I were injected in the toe pads
with 20 mg of the polymer in complete
Freund’s adjuvant. The animals were
bled after 2 and 3 weeks. Three weeks
later, the animals received another in-
jection of the polymer in adjuvant and
were bled again after 2 and 3 weeks.
The rabbits in Group II received an
intravenous injection of 20 mg of the
polymer in solution on day 1 (2%
months of age), day 8 and day 22; they
were bled 1 week and 3 weeks later.
The rabbits were then injected with 20
mg of the polymer in complete adjuvant.
Serums were obtained 2 and 3 weeks
later. All serums were tested for the
presence of antibody by the passive
cutaneous anaphylaxis method (&), and
the serums from animals injected with
GLA30 and GLAT were tested by the
passive hemagglutination method (3).
This latter method could detect both 75
and 198 antibody. All serums that were
negative by the passive cutaneous ana-
phylaxis test were also negative by the
hemagglutination test.
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To test the specificity of the depress-
ing effect of the injections of polymer
which had been given soon after birth,
all rabbits were also injected with bovine
serum albumin. Normal responses were
noted in all animals.

The results presented in Table 1 in-
dicate that although immunological
tolerance was produced in a large pro-
portion of the rabbits injected with each
of the antigens on the day of birth, the
tolerant state was limited. Of the rab-
bits in Group I that received adjuvant
injections of the polymer 6 weeks
apart, seven out of eleven, nine out of
twelve, and eight of eight responded
to GA, GLA30, and GLAT, respec-
tively, indicating a “breaking” of the
tolerant state. This is in contrast to no
reactors in the experimental group; but
a significant number of reactors among
the control animals after the first ad-
juvant injection of polymer.

The data also show that intravenous
injection of polymer extended the state
of immunological unresponsiveness in
the rabbits that were treated initially
with GA and GLA30. The quantita-
tive differences in the antibody response
in the various groups will be discussed
in a subsequent publication. In gen-
eral, however, significantly higher levels
of antibody were produced in the con-
trol rabbits.

Thus, tolerance can be conferred by
exposing newborn rabbits to antigenic
synthetic polyamino acids. Tolerance
has also been produced recently in rab-
bits toward two multichain polymers by
Sela et al. (9; 10).
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Prediction of the Comparative
Reinforcement Values of Running
and Drinking

Abstract. The probability of free
drinking and running in rats was con-
trolled by sucrose concentration and
force requirements on an activity wheel.
Drinking and running were then made
contingent on pressing a bar. Bar-
pressing increased monotonically with
the associated response probability, and
equally for drinking and running. The
results support the assumption that dif-
ferent responses of equal probability
have equal reinforcement value.

The reinforcement value of two dif-
ferent behaviors, running and drinking,
may be compared despite their differ-
ences, with a model of reinforcement
that (i) equates reinforcement value
with response probability and (ii) treats
the probabilities of different responses
as commensurable magnitudes (7). Al-
though comparing the strength of dif-
ferent drives and reinforcers has been
a classical problem in psychology, prog-
ress has been slight. Early work by
Warden (2), comparing the number of
times that rats crossed an electrified
grid for food, water, mate, and so forth,
has been widely criticized, most con-
structively perhaps by suggesting that
the same comparisons be made without
shock. More recently, Guttman (3)
has predicted that different sugars
equated for sweetness on the basis of
concentration will have equal reinforce-
ment value. However, this kind of pre-
diction is limited to stimuli located on
a single dimension. Overcoming this
restriction is a principal aim of my
present work (4).

Consider that a rat, in separate
operant drinking and running sessions,
divides each session, on the average,
between drinking and running, so that
the estimated- mean probabilities of
drinking and running are both 0.5. Ac-
cording to the present model, if these
behaviors are made contingent upon,
for example, bar pressing, they will pro-
duce equal increments in probability.
More generally, different responses of
equal probability will have equal rein-
forcement value; when made contingent
upon some less-probable response, they
will produce equal increments in that
response.

Testing this prediction requires estab-
lishing an overlapping range of prob-
abilities (P) of free drinking (D) and
free running (R) and then determining
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a reinforcement value of each value of
P. These requirements were met by
first establishing a range of P, through
the use of different sucrose concentra-
tions and a range of Pr through the use
of different force requirements on an
activity wheel, and then conditioning
the animals to press a bar for sucrose
concentrations and wheel conditions.
Four female albino rats of the
Sprague-Dawley strain, about 200 days
old, were used. The apparatus was a
modified activity wheel equipped with
a brake, a retractable drinkometer, and
two bars. In operant drinking sessions,
only the tube was free; in operant run-
ning sessions, only the wheel was free.
During conditioning the appropriate bar
was inserted and its corresponding item,
tube or wheel, was made contingent
upon the bar press. Sessions lasted 10
minutes; all running sessions, operant
and conditioning, occurred in the morn-
ing, all drinking sessions in the after-
noon. Animals were given operant
running sessions with a given force re-
quirement and operant drinking sessions
with a given sucrose concentration until
both behaviors were relatively stable.
They then pressed a bar, in the morning
for the wheel, and in the afternoon
for the tube, with the same stimulus
values as in the preceding operant
series. Sucrose solutions, in the order
of presentation, were 32, 16, and 64
percent by weight; force requirements,
in the order of presentation, were about
18 and 80 inch grams. The same con-
ditioning parameters were used in both
cases: each time the rat pressed the
bar three times, either the wheel or
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Fig. 1. Mean bar presses per session as a
function of the associated operant response
probability. The abscissa shows proportion
of the operant session for which the ani-
mal responded—for example, duration in
seconds for which it ran or drank divided
by duration of the session. Points are
labeled according to the sucrose concen-
tration (16, 32, and 64 percent) or force re-
quirement (light, LW; heavy, HW) that
was used to control the operant response
probability.
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the tube was made available for 15
seconds.

A photoelectric cell, activated each
time the wheel turned 90 degrees, meas-
ured running; a drinkometer counted
licks. Both devices could be used to
measure duration of running and drink-
ing by arranging that a precision timer
operate continuously when receiving
seven or more pulses per second from
the drinkometer or four or more pulses
per second from the wheel. The pro-
cedure eliminates spurious measures
due to wheel-rocking and incidental con-
tacts with the drinkometer, since these
occur below the prescribed rates.

Figure 1 shows bar presses per ses-
sion, plotted as a function of the pro-
portion of the session the animals
drank and ran, respectively, expressed
as the probability of free running and
drinking. Thus, a “Px of .33” indicates
that the animal ran or drank for 200
seconds in a 600-second session. Points
are averages for the group taken from
the last four sessions given at each
value of sucrose concentration and
force requirement. The order of the
points for all animals was the same as
that shown in Fig. 1.

The points in Fig. 1 are labeled ac-
cording to the associated sucrose con-
centration or force requirement; their
rank order on the abscissa shows that
the present combination of sugars and
force requirements did produce at least
partly overlapping probabilities of free
running and drinking. Thus the lowest
probability of free drinking, produced
by the 64 percent solution, fell between
the two probabilities of free running.
Conversely, the higher probability of
running, produced by the light force
requirement, fell between the two prob-
abilities of drinking that were associated
with the 64 and 32 percent solutions,
respectively.

The functional relation shown in Fig.
1 supports the present prediction: bar
pressing increased monotonically with
the associated operant response prob-
ability and did so whether this was a
probability of drinking or of running.
Not only is bar pressing reinforced by
an activity proportional to the operant
duration of that activity but, more im-
portant, the proportionality is the same
for different activities. Figure 1 also
suggests that the relation may be linear,
although no attempt was made here to
determine the function.

An earlier test of the model, using
the same behaviors, showed that run-
ning reinforced drinking as effectively

as, more conventionally, drinking rein-
forced running. More important, the
effective direction of reinforcement was
determined by which behavior was rela-
tively more probable in the given inter-
val of time (5). The new results thus
substantially strengthen the suggestion
that reinforcement value is predictable
from the proportion of time the animal
spends responding, and is so commen-
surately for different behaviors (6).
DaviD PREMACK
Department of Psychology,
University of Missouri, Columbia
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Apparent Concentration Quenching
of Morphine Fluorescence

Abstract. Fundamental fluorescence
equations were examined. Deviations
from the theoretical were observed by
varying the light path length to de-
termine effects on “apparent” fluo-
rescence. It was found that the de-
crease in emission of morphine
solutions with the increase in concentra~
tion was caused by absorption effects
that prevented excitation of the whole
system.

The formula
F=1 (1 —-10"*?) ¢ 1)

expresses the fluorescence intensity F in
solution, where I, is the intensity of
exciting light, ¢ the concentration, ¢ the
molar absorptivity, b the sample path
length, and ¢ the quantum efficiency.
All of these values are expressed in
appropriate units (/). When a fixed-
slit instrument is used, for example, the
Aminco-Bowman spectrophotofluorom-
eter, the F values are only apparent
fluorescence (F’), since factors of de-
tector response and slight differences of
optics vary for each instrument (2).
Corrections for both excitation and
fluorescence spectra can be made (Z,
3), but the response for each instru-
ment for a constant I, should be repro-
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