arbitrary tracer system). An equation
similar to Eq. 1 has been applied in the
study of iodine metabolism (77), but
£, is replaced by the influx into the
specific compartment (organ), and ¢°
is interpreted as “the biological half-life
for iodine in the thyroid gland”; es-
sentially, the equation is used to define
that entity.

The practical example I have chosen
is perhaps not very appropriate: the
short half-life of 42K may introduce
serious difficulties regarding observa-
tions during the later part of the tracer
process, which are necessary for esti-
mation of the integrals; the possible
use of other potassium isotopes (such
as *'K) should be investigated. More-
over, if excretion is mainly in feces, the
lag may distort the whole-body curve
h.(t), especially if the considered ele-
ment has a high relative turnover—that
is, if ¢o,/bo, is large. This distortion
could be a problem in the determination
of the exchangeable mass of sodium,
but whole-body counter data on reten-
tion of 22Na+* look promising (72).
The exchangeable mass of certain ele-
ments may prove impossible to deter-
mine.

Per-Erik E. BERGNER
Medical Division, Oak Ridge
Institute of Nuclear Studies,
Oak Ridge, Tennessee
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Frog Retina: Detection

of Movement

Abstract. The response of class 2
ganglion cells in the frog retina is de-
pendent on the angular velocity of a
black visual stimulus whose size (1.2°)
and contrast against a background are
held constant. The relation between
neuronal discharge rate and the angular
velocity of the stimulus may be ex-
pressed as a power function.

Microelectrode recordings from reti-
nal ganglion cells indicate that the retina
of the frog performs several distinct
types of operations on the visual world
(1). One class of ganglion cells, called
convex-edge detectors or class 2 neu-
rons, is especially sensitive to the move-
ment of objects which are smaller than

the excitatory receptive field (ERF)
(I, 2). Previous studies have shown that
the neuronal discharge rate elicited by
the traverse of a stimulus through the
ERF increases with increasing angular
velocity of the stimulus; however, this
relation was not examined quantita-
tively. In our investigation we studied
quantitative characteristics of the neu-
ral integrative process which determines
the class 2 operation. We found that
the relation of the angular velocity of
the stimulus to ganglion-cell activation
could be expressed as a simple mathe-
matical function.

Metal-filled micropipettes were used
to record the discharges of single, af-
ferent, optic-nerve fibers in the super-
ficial layer of the optic tectum of the
European water frog, Rana esculenta.
The frog was curarized and fixed before
a specially constructed hemispherical
perimeter with a radius of 25 cm. The
stimulation apparatus has been de-
scribed in detail (3). The stimulus, a
black round spot on a white back-
ground, was carried by a motor-driven
stage behind a window cut in the back
of the hemisphere. The motor was
geared to permit movement of the
stimulus at nine specific angular veloc-
ities, between 0.05° per second and 24°
per second; higher angular velocities
were possible by manual movement of
the stage. The traverse of the stimulus
was along a straight line, tangential to
the hemisphere. The luminance of the
white stimulus background was 64
millilamberts, and that of the black
spot was 1.9 millilamberts.

Twenty-five class 2 neurons were
tested with at least five of the nine
possible angular velocities; the sequence
of the velocities was varied during
the course of the experiments. Each
stimulus traverse was followed by a
75-second “rest period” (15 seconds
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Fig. 1. Record of responses of a class 2 neuron to a 1.2°-black spot on a white back-
ground moved at two different angular velocities. The diagonal trace represents the
stimulus movement. (A4) Stimulus angular velocity is 0.95° per second; total discharge
number per stimulus traverse of the ERF is 86; average discharge rate per traverse
is 24 per second. (B) Stimulus angular velocity is 2.4° per second; total discharge
number is 71; average discharge rate is 48 per sefond.
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Fig. 2. (A) Total discharges per traverse
for two units tested with a 1.2°-stimulus.
The variability in response patterns demon-
strated by these two neurons was found in
many of the neurons tested. (B) Depend-
ence of the means of the average discharge
rates of 25 units on the velocity of a 1.2°-
stimulus. Bars represent standard deviation
of the collective values. (C) Dependence
of average discharge rate of a single neu-
ron on the velocity of a 0.7°-stimulus.

of dark followed by 60 seconds of
light) in order to eliminate the ef-
fects of neural and photochemical
adaptation (4). The neural responses
were displayed on a cathode-ray oscil-
loscope and photographed together with
a synchronized display of the stimulus
movement which was monitored by a
potentiometer.

Figure 1 shows the recordings of a
single neuron responding to two of the
nine angular velocities. We examined
two qualities of the neural response:
(i) the total discharge number per stim-
ulus traverse and (ii) the average dis-
charge rate per stimulus traverse.

The total discharge number per tra-
verse showed no simple relation to the
angular velocity of the stimulus. The
angular velocity which elicited the maxi-
mum number of discharges per trav-
erse varied for different class 2 neu-
rons. Sixteen of the 25 units gave a
maximal discharge number at the two
slowest angular velocities possible with
our perimeter (0.05° and 0.1° per sec-
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ond). The responses of two of the 25
units are illustrated in Fig. 24.

The discharge rate (a measure of
neural activation probably of more
physiological significance than the total
discharge number) was not constant as
the stimulus moved through the ERF
(see Fig. 1). The average discharge
rate per stimulus traverse showed a
strict dependence on the angular veloc-
ity of the stimulus in all 25 neurons that
were tested (Fig. 2B). The relation
may be expressed by the power func-
tion

R = kp o V7

where R is the average discharge rate
per second, k, is a constant, and v is
the angular velocity of the stimulus in
degrees per second. With a 1.2°-black
spot and a black—white luminance ratio
of 1:34, the value of k, is 20 dis-
charges per degree. This power func-
tion is valid for values of v from at
least 0.05° to 10° per second. In ex-
amining the relation of the discharge
rates in the peripheral thirds of the
ERF or in the central third of the ERF
to the angular velocity of the stimulus,
similar power functions were found,
differing only in the value of k. It ap-
pears, therefore, that the class 2 neu-
rons perform the same operation at dif-
ferent degrees of excitability in dif-
ferent parts of the ERF.

The stage that carried the stimulus
was moved by hand in order to observe
the neural response to angular velocities
higher than 24° per second. Figure 2C
illustrates that the class 2 operation
breaks down rapidly at angular veloci-
ties above 100° per second, and, at
140° per second, this neuron responded
with only one discharge per traverse.

Class 2 ganglion cells code a number
of characteristics of a visual stimulus,
such as size, shape, contrast, and angu-
lar velocity. We used a motor-driven
perimeter, varied the angular velocity
of the stimulus over a series of fixed
values, and kept the other visual param-
eters constant. The relation of the
average discharge rate of ganglion cells
to the angular velocity of the stimulus
suggests the possibility of further quan-
titative studies in order to analyze the
functional properties of the neural net-
work which determines the class 2 op-
eration.

DANIEL FINKELSTEIN*
O1T10-JOACHIM GRUSSER
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Freie Universitiit Berlin,
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Growth Hormone: Important Role in
Muscular Exercise in Adults

Abstract. Measurement by radio-im-
munoassay of growth hormone in the
plasma of adults showed consistently
low concentrations in subjects in bed
in the morning. Exercise caused
marked increases except when the sub-
jects ingested carbohydrate during the
exercise.

Pituitary growth hormone is secreted
in the adult in response to muscular
exercise. Small increases in its concen-
tration in plasma were found in two
subjects after they had walked 8 km
(1), and concentrations were high in
three subjects after they had played
squash for 2 to 3 hours (2). Injec-
tion of growth hormone raises the
concentration of nonesterified fatty
acids in the plasma (3), and these con-
stitute the principal fuel during exer-
cise (4). This report, based on mea-
surement of growth hormone in plas-
ma by radio-immunoassay (5, 6), sug-
gests an important role for the hor-
mone in mobilizing fuel for muscular
exercise. As a corollary it shows that
studies of growth hormone in plasma
are of little value unless the subject’s
rate of expenditure of energy is known.

After an overnight fast, plasma sam-
ples from normal adults sometimes
show high values for growth hormone,
although most have values below the
sensitivity of present assays [1 to 2
ng(pmg)/ml] (6, 7). In our laboratory
ten adult males sampled in bed before
rising all had concentrations below 1
ng/ml, whereas 9 of 23 subjects, who
traveled to the laboratory and rested
for 1 hour before sampling, yielded 17
elevated values (range, 2 to 53 ng/ml)
from a total of 44 samples from the
23. Eight of the nine individuals show-
ing high concentrations were later sam-
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