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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Fig. 1. The log of relative percent trans-
mission (F') versus the log of concentra-
tion for various sizes of cuvettes: “A,”
46 mm by 10.5 mm square; “B,” 40 mm
by 7 mm round; “C,” 20 mm by 3 mm
square; at peak excitation of 285 mu and
peak emission of 350my in 0.1N sulfuric
acid for morphine.

ducible at a particular wavelength over
some range of concentration for below-
concentration quenching dilutions.

For the same compound at a par-
ticular concentration, F’ is proportional
to the “effective” optical light path, and
as b increases the value of (1 — 107°)
approaches unity (Eq. 2). The “effec-
tive” optical light path can, in theory,
be lengthened by increasing the cuvette
width.

F =K (1—10") )

where K is the factor for the multiple
values, ¢, ¢, I, and c.

With the use of 0.1N sulfuric acid
solutions of morphine, the 285 my, peak
was used as the major activation to
excite maximum emission at 350 mp
(4). A second excitation peak observed
at 245 myu may be the actual major
one, but the rapid falloff of I, below
280 my, for the xenon lamp would mask
this. The plot of the log of F’ versus
the log of ¢ was previously shown (4)
to be linear from 0.1 to 100 ug/ml with
solutions in the “A” cuvette (described
below). At higher concentrations there
was a marked decrease in fluorescence
which may be interpreted as being con-
centration quenching of the ionic dimer
type theorized by Forster (5).

For true quenching it would be ex-
pected that a plot of concentration

versus fluorescence would be linear for

dilute solutions, reaching a maximum
with increasing concentrations, and
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finally decreasing with further change
in concentration. The measurement of
fluorescence emission at angles less
than 90° to the exciting source results
in a similar plot, but the range of
linearity is extended by several magni-
tudes (6). Since most available spectro-
fluorometers and fluorometers are used
to measure emission at either 90° to
the exciting radiation or directly
through the solutions, a special instru-
ment or modification (6) of existing
instruments would have to be used to
show that reabsorption at higher con-
centrations is responsible for “ap-
parent” concentration quenching. In
place of modifications, the light path
was increased simply by using wider
cuvettes.

Various cuvette sizes (7) are availa-
ble with adaptors for the Aminco-Bow-

man instrument. It was expected that .

at concentration quenching ranges the
fluorescence would decrease in the
order of the decrease of cuvette width:
“A,” 46 mm by 10.5 mm square; “B,”
40 mm by 7 mm round; “C,” 20 mm
by 3 mm square. This would obey Eq.
2. The lens effect for the round cuvette
is probably slight for the narrow slits
used in these studies. The results shown
graphically in Fig. 1 indicate that with
the smallest cuvette “C,” the F' is
greater at high concentrations. There-
fore, an absorption effect, and not con-
centration quenching, accounts for the
decreased F’ for longer b. Linearity is
noted for the “C” cuvette at 100
pg/ml until close to 1000 pug/ml.
This is an extension of the utilizable
fluorescence range. At lower concen-
trations, the emission from the “C”
cuvette begins to correspond to Eq. 2,
and at 5 ug/ml, the emission yield is
below that of either of the two others
used, thus showing the validity of Eq.
2 for this range.

Excitation peak shifts to higher wave-
lengths are observed as concentration
increases. These shifts of intensity are
shown as dotted lines in Fig. 1 and are
caused by the same inner filter effect
that yields “apparent” concentration
quenching. A compound with an ab-
sorbance of 0.02 would introduce an
inner filter error of about 4 percent
(I). As the absorption increases, this
error increases, owing to the failure of
excitation of a large portion of the
molecules present. This same phe-
nomenon is dramatically noted in the
visual observation of fluorescein solu-
tions at high concentration (107~ to
107°M). In obtaining absolute quantum

efficiencies (8), this effect is avoided by
surface emission detection.

The possibility for the oxidation of
morphine to pseudo-morphine at room
temperature (25°C) in acid is elimi-
nated in these measurements by prepar-
ing solutions directly before measure-
ment (9; 10).
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Strontium-90 in Hair

Abstract. The hair of rats injected
with strontium-90 retains a significant
amount of the radionuclide. Although
the strontium-90 content of hair is vari-
able in these rats and appears to be sub-
ject to a variety of influences, determi-
nation of the radionuclide content of
hair may offer a nondestructive method
of estimating strontium-90 in bone.

Since hair contains strontium as well
as a variety of other elements (/), we
decided to determine whether strontium-
90 accumulates in this tissue to an ap-
preciable degree. Accordingly, we as-
sayed the hair of rats with varying body
burdens of Sr?° and found that their
hair contained significant amounts of
this radionuclide.

Hair was clipped from groups of 4 to
12 adult rats whose body burden of Sr°°
had been established by injection on the
300th day of life, or in utero. In the
latter cases the mothers were injected
on the 17th or 20th day of pregnancy.
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