made to prevent the birds from respond-
ing in the presence of the negative stim-
ulus. In fact, to insure that all birds in
this group made errors, each animal was
given 2 days of continuous reinforce-
ment in the presence of both the 555-
nm light (which became the positive
stimulus) and the white vertical line
(which became the negative stimulus).
After key-peck training, the reinforce-
ment schedule was changed to a
variable-interval schedule with a mean
_interreinforcement time of 30 seconds.
This schedule remained in effect
throughout training. A criterion of 20
responses in the presence of the positive
stimulus to one response (for the error
group) or an attempt to respond (for
the errorless group) in the presence of
the negative stimulus for two consecu-
tive days determined the discrimination
was learned; that is, the total responses
to positive stimulus had to be at least
20 times greater than the total responses
or blackouts, depending on the group,
to the negative stimulus (3).

Each bird was tested in extinction for
generalization to the angularity negative
stimulus dimension. The test stimuli
were lines at angles of 30°, 60°, 90°,
120°, and 150° rotated counterclock-
wise from horizontal. The order of
presentation of the stimuli, within each
series of five stimuli, was determined
randomly; nine such series were pre-
sented. Half the birds in each group
were tested to the angles alone; the
other ten were tested with each angle
superimposed on the 555-nm light.

The lack of an inverted gradient in
the responses of Terrace’s errorless
group may have been due to the ex-
tremely low responding maintained by
his testing procedure. A test in which
each test angle is superimposed on the
555-nm light can be expected to induce
greater responding in the presence of
those stimuli, possibly revealing differ-
ences in response strength which Ter-
race’s procedure may have concealed.

The mean percentage of total re-
sponses for the errorless and control
groups are virtually identical (Fig. 1).
Since the control group had never been
exposed to any angle of line, the fact
that the gradient for the errorless group
is similar to that for the control sug-
gests that insofar as angularity is a
“neutral” stimulus for the control group
it -is also a neutral stimulus for the
errorless group. In agreement with
Terrace’s findings the gradients of the
errorless and control groups show no
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significant differences attributable to
stimuli (4). Only the group trained with
errors showed the lowest response
tendency to the 90° negative stimulus;
this response depression at the negative
stimulus is highly reliable (5).

Figure 2 presents the mean percent-
age of total responses for the three
groups tested to each angle super-
imposed on the 555-nm light positive
stimulus. The presence of the positive
stimulus causes the gradient around the
previous negative stimulus to be positive
(decremental). This preference for the
90° line by both the error and errorless
groups is statistically reliable (6). The
control group again showed no prefer-
ence for any angle, which indicates that
angularity was a neutral stimulus di-
mension for this group.

Only the response rate of the error
group changes as a function of the
presence of the positive stimulus (7);
the rate increases in its presence (the
error group was the only one which
showed a gradient of inhibition when
tested to angularity alone). The fact that
there are no significant changes in rate
for either the errorless or the control
group in the two test situations indicates
again that there is no negativity (in the
sense of response suppression) con-
nected with negative stimulus for the
errorless group. '

Furthermore the negative stimulus is
not a neutral stimulus after errorless
discrimination learning; there is a posi-
tive gradient which peaks at the nega-
tive stimulus when the values from the
dimension of the negative stimulus were
superimposed on the positive stimulus

during test. Why this should be so re-
mains to be determined. One possibility
is that during errorless training the bird
became familiar with the negative stim-
ulus training stimulus, which somehow
became a positive stimulus in the con-
text of the generalization test with posi-
tive stimulus present.

The method of bringing about error-
less learning used in this study is more
flexible than those used by Terrace, and
it produces the same results. Discrimi-
nation training can be introduced either
early or late. Subjects are not assigned
to the errorless group after the fact,
and elaborate programming equipment
is not necessary to bring about errorless
learning.

JoserH LYONS
Department of Psychology,
University of Wisconsin, Milwaukee
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Occupancy Principle: Identity with That of Mean Transit

Time of Tracers in Biological Systems

Orr and Gillespie (I) propose ap-
plication of the occupancy principle to
design and analysis of experiments with

tracers in steady-state biological sys-

tems. I agree with their proposal, which
is especially applicable to noncompart-
mental systems, such as the circulation,
but I am not sure that it is really dif-
ferent from one which I made in dif-
erent language and symbols (2).

For those who might wish to relate
the language of Orr and Gillespie to
that used in certain biological fields,
I wish to point out that what they call
occupancy, their symbol 4, is what I

and others call the mean transit time
or mean residence time ¢ -In earlier
tracer experiments in biology, the term
“turnover time” was used widely. This
term, strictly speaking, applies to sys-
tems through which the probability-
density function of transit times is ex-
ponential, ke*!, in which case the
turnover time is 1/k, which is identical
with 7.

The definition has been extended
to other systems in which it is also
equated with 7. I prefer ¢z as less am-
biguous. The dimensionless function
f(¢), used by Orr and Gillespie, is, I
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believe, the same as the function that
I have been calling [1—H(z)], where

3
H(t) = [h(r)dr
/]

and A(¢) is the frequency function, or
probability density function of transit
times through the distributing system,
and H(z) is then of course the distri-
bution function.

Orr and Gillespie state that I applied
these principles, generalized to consider
any input function, to measurements of
tracer concentration at the output from
a system. However, I have also applied
the principle, in the form

o0

f= [[1—H(t)ldt
0

to measurement of tracer remaining in
the system, either by the technique of
external monitoring or by sampling
blood within the system, and so forth.
This application I called residue detec-
tion, in contrast to outflow detection.
The above equation is identical with
the equation for (definition of) occu-
pancy given by Orr and Gillespie.

" The proposal by Orr and Gillespie
that separate ‘“occupancy-to-capacity
ratios” (that is, flows) can be obtained
simultaneously by use of two or more
isotopes was first made by Stephenson
(3), first put into practice by Parrish,
Hayden, Garrett, and Huff (4), and
exploited by a number of others since.
What Orr and Gillespie call capacity
C is identical with either pool size,
where a measure of the number of
solvent particles is made, or volume,
where the tracer is used to determine
transit times of fluid through a sys-
tem.

Orr and Gillespie state that the oc-
cupancy, or mean transit time, can be
“determined even when part of it lies
far beyond the time of the last measure-
ment” by extrapolation of an apparent
exponential; however this is a danger-
ous practice, although already used
widely. There are examples in which
this custom has led to gross errors,
discovered when improved resolution
displayed the fact that the tail of the
curve deviated markedly from the ex-
pected exponential. I would avoid ex-
periments in which major extrapolation
had to be made, and urge that the time
be spent better in design of experiments
and methods that yield more complete
information about the total curve.

In addition to the theoretical contri-
butions by Bergner (5) quoted by Orr
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and Gillespie, as well as my own con-
tributions along these lines, Hart pro-
posed and used an important variant
of these methods, perturbation analy-
sis. A stimulating idea of Hart’s is his
formal treatment of the case in which
there are partly accessible components
in a multicomponent system, and in
which reaction rates or flows between
components are to be determined (see
6).

KENNETH L. ZIERLER
Department of Medicine,
Johns Hopkins University School of
Medicine, Baltimore, Maryland

Adenosine Triphosphatase and

The report of Brown, Chattopa-
dhyay, and Patel (/) showed that
erythrocyte ghosts from patients with
myopathy contain a sodium plus po-
tassium (Na*+ + K+) activated adeno-
sine triphosphatase activity which is
activated instead of inhibited by oua-
bain at a concentration of 10-* mole/
liter. We have been unable to repro-
duce this result using our methods for
the measurement of Na*, K+activated
adenosine triphosphatase activity in red
cells of patients with muscular dystro-
phy of the Duchenne type.

Six normal subjects and seven pa-
tients, five of whom had an unequivo-
cal diagnosis of Duchenne type of
muscular  dystrophy, were studied.
Three of the patients are members of
the same family. Fresh blood was col-
lected into ethylenediaminetetraacetic
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Myopathy

acid (EDTA) (20 ml of blood per
60 mg of EDTA), the separated eryth-
rocytes were washed, and the mem-
branes were isolated (2). The adeno-
sine triphosphatase activity of the
membranes was determined in the
presence and absence of 10~¢M ouabain
in a final volume of 0.5 ml. There was
approximately 1 mg of membrane pro-
tein per milliliter in each sample, and
2 mmole of adenosine triphosphate
labeled with 2P on the terminal phos-
phate (0.5 to 1.5 X 10° count min™
pmole—1), 2 mM MgCl,, 50 mM NaCl,
10 mM KCI1 and 50 mM tris-HCl, pH
7.4. The differences between our
method and that of Brown et al. are
as follows. We used hypotonic lysis
in distilled water (2) followed, in some
cases, by freezing and storage for 4
days at —70°C. Brown et al. used

Table 1. Ouabain not an activator in red-cell membrane adenosine triphosphatase in myopathy.
Patient C had a nonspecific dystrophic process and patient E, with muscle cramps, had an
abnormality in forearm muscle potassium flux. All incubations were carried out in triplicate.
Mean values of each determination are given. Adenosine triphosphatase is expressed as the
number of micromoles of inorganic phosporus released per milligram of protein.

Incubation

Adenosine triphos-

Experi- B o
ment ]Se‘g:; Status pergod phatase activity Inh(ﬂ%t)lon
No. (min)  Control -+Ouabain
1 P Normal 40 0.125 0.060 51.8
2 K Normal 40 126 075 40.5
3 D Normal 40 114 056 51.3
4 S Normal 40 .181 134 26.3
5 (6) S Normal 40 536 481 10.1
6 R Normal 40 194 .087 55.4
7 (6) R Normal 40 .350 228 339
8 (7) H Normal 60 394 314 20.2
Dystrophy
9 C Dystrophy 40 0.104 0.064 38.6
10 E Muscle cramps 40 152 071 53.5
11 DB Duchenne type 40 200 120 39.8
12 (6) DB Duchenne type 40 396 340 14.1
13 PB Duchenne type 40 .188 .098 48.0
14 KB Duchenne type 40 203 .104 48.4
15 N Duchenne type 40 142 .095 332
16 (6) N Duchenne type 40 350 252 28.1
17 (7) S Duchenne type 60 .504 393 23.5
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