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Fig. 1. Time course of far-red inactivation of red-induced morphogenesis in the hypocotyl
hook of the bean seedling. Curves are shown for energy levels of 3 and 12 mj/cm? applied
at 1000 pw/cm® for 3 and 12 seconds, respectively.

lecular collision in either direction and
that both photoreactions follow first-
order kinetics.

If such a simple reversal obtains, with
no intervening collision step, it seems
logical to assume that the system would
be immediately reversible at the maxi-
mum rate, and that the time course
would show a constant value of reversi-
bility, to the point where the conse-
quences of the red induction result in
irreversible growth reactions.

In view of these considerations, it was
decided to determine the time course for
photoinactivation of red-induced photo-
morphogenesis in the bean seedling {7).
A high-intensity carbon arc, in combina-
tion with interference filters, was used as
the source. The irradiation periods were
as short as could be obtained with this
system, and were a matter of seconds.
The bioassay was the rate of opening of
the hypocotyl hook of bean, the tech-
nique of which has been described by
Klein et al. (8). In this system, the in-
duction response has a peak of activity
in the red at 660 muw, and photoinactiva-
tion peaks at 710 and 730 mw (3). The
angle of hook opening is proportional to
the logarithm of the incident red energy
over an irradiance range of at least 1
million for short periods of photoinduc-
tion, and the inactivating effect of the
far-red is directly proportional to irradi-
ance, A total energy of 10 mj/cm? of far-
red energy distributed over a 30-minute
period produces about maximal photo-
inactivation, the percentage of inactiva-
tion rising linearly with energy to ap-
proximately 85 percent and then leveling
off rapidly thereafter.

The hypocotyl hooks were excised from
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6-day old Black Valentine bean seedlings
and arranged in a circle on moist filter
paper in a 150-mm petri dish. The ex-
cised hooks were exposed to red energy
at 25° with a carbon arc for 3 minutes
at an irradiance of approximately 1500
uw/cm?, which yielded a total energy
of 250 mj/cm? at 660 mp. The hooks
were then kept in the dark until time for
the far-red exposure, which was given
at approximately 1000 uww/cm? at 730
mp for 3 and 12 seconds for total ener-
gies of 3 and 12 mj/cm?, respectively.
The two filter systems were mounted in
a sliding panel so arranged that the short-
est dark time was 4 seconds.

The results are given in Fig. 1 as time-
course curves. It will be noted that the
capacity for photoinactivation by the
far.red increases rapidly with time,
reaching a maximum at between 1 and
2 hours and then decreasing gradually.
The decrease is consistent with the hy-
pothesis that irreversible growth reactions
have occurred. For the shortest periods
of time, the percentage inactivation is
approximately proportional to the far-
red energy. Data are available (9) which
show that the far-red is incapable of
producing significant inactivation at pro-
portionately low energy levels in the
presence of the red. Therefore, it is prob-
able that the curve falls back to zero,
either at zero time or slightly prior to
the end of the red-induction period.

These results suggest-that a thermo-
chemical step intervenes between the ab-
sorption of red photons and maximum
capacity for inactivation by the far-red.
There are several possibilities about the
nature of this step. It may involve the
direct modification of the pigment itself

to a far-red absorbing form so that in-
activation cannot proceed until thermal
conversion occurs. On the other hand, it
may be concerned with synthesis of a
reactant essential to the completion of
the inactivation step, the concentration
of which limits the far-red reversal proc-
ess. The complete system is being studied
with a complex of variables of incident
energy, time, and temperature, with the
view of determining the nature of the
intervening step.

W. H. Kirin, R. B. WirHROW,

A. P. Witarow, V. ELsTAD

Division of Radiation and Organisms,
Smithsonian Institution,
Washington, D.C.
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Some Characteristics of
Cortical Recruiting Responses
in Unanesthetized Cats

In 1941, Morison and Dempsey (1)
demonstrated that trains of 8- to 12-per-
second stimuli delivered to the intra-
laminar thalamic nuclei of the anesthe-
tized cat evoked long-latency, surface-
negative potentials which were widely
distributed over the cerebral cortex. Be-
cause the first stimulus of the train
evoked little or no cortical response, and
because the responses to each successive
stimulus showed a progressive increase in
amplitude to a maximum, these poten-
tials were termed “recruiting responses.”
Subsequent investigations have further
defined the thalamocortical pathways
and the character of the synaptic con-
nections which mediate recruiting re-
sponses (2—4). It was shown that pen-
tobarbital lowered the threshold for
recruiting responses (5), and, since
stimulation of the brain-stem reticular
formation prevented their occurrence
(6), it was assumed that recruiting re-
sponses could not be obtained in the
waking animal.

The study described in this report
employed the technique of chronic im-
plantation of electrodes, which was de-
veloped by Sheatz (7), to explore this
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Fig. 1. Recruiting responses in unanesthetized cats. Electroencephalographic records
(above) and corresponding oscillographic traces (below) show the recruiting responses
recorded from the anterior suprasylvian gyrus following 6-per-second submaximal stimu-
lation of the ipsilateral center median nucleus. 4-1 and A4-2, responses recorded before
(A4-1) and after (4-2) a noise, which occurred at the arrow. The rapid return of recruit-
ing responses to normal amplitude following the noise is shown in 4-3. B-2, failure of the
noise (at arrow) to reduce recruiting responses following repeated presentation of this
stimulus. (Bottom row) Recruiting responses before (C-1), during (C-2), and after
(C-3) 100-per-second stimulation of the brain stem for 2.5 seconds. The period of brain-
stem stimulation is indicated by the solid line between the two arrows (positive is up).

matter further. It was found that stimu-
lation of the intralaminar nuclei may
evoke well-developed recruiting responses
in the normally waking animal. Figure
1 shows such responses evoked in the
anterior suprasylvian gyrus by submaxi-
mal 6-per-second stimulation of the ipsi-
lateral center median nucleus. At the
time when these responses were recorded,
the cat was sitting up in its cage with
an alert appearance, occasionally looking
about. No detectable behavioral altera-
tions were associated with the recruit-
ing responses. With more intense stimuli,
a variety of behavioral alterations re-
sulted, some of which were similar to
those described by Hunter and Jasper
(8). When a loud noise was made, there
was a marked decrease in the amplitude
of the recruiting responses (Fig. 1, 4-2).
Within 5 seconds of this auditory stimu-
lus, however, responses had returned to
original amplitude (Fig. 1, A4-3). Re-
peated exposure of the animal to the
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originally effective auditory stimulus was
associated with a gradual disappearance
of its blocking effect, as had been pre-
viously shown by Jasper et al. (3). Fig-
ure 1, B-2, shows this failure of the same
auditory stimulus to cause reduction of
recruiting responses following habitua-
tion. Figure 1, C-2, demonstrates the re-
duction in the amplitude of recruiting
responses which results from stimulation
of the brain-stem reticular formation.
Unlike the effects of the auditory stimu-
lus, the effects of the brain-stem stimulus
did not become attenuated with repeated
presentation of the stimulus. The effects
of brain-stem stimulation were, how-
ever, abolished by anesthetic doses of
pentobarbital.

Contrary to the expectations based on
previous work, therefore, it has been
found that the presence of a “desyn-
chronized” electroencephalogram and
of behavior indicative of an alert waking
state is not incompatible with the induc-

tion of recruiting responses. Under such
circumstances, these responses can be re-
duced or prevented by novel, peripheral
afferent stimuli or by stimulation of the
brain-stem reticular formation. The be-
havioral changes which were associated
with reduction of recruiting responses
appeared to range from a shift or attrac-
tion of attention (either “spontaneous”
or as a result of an afferent stimulus),
through brief startle, to more enduring
and pronounced excitement. The pre-
vention of evoked recruiting responses in
the waking animal may thus be analo-
gous to the blocking of the alpha rhythm
in the human electroencephalogram. In
man, alpha activity is not prevented by
the waking state and may similarly be
blocked by a shift or focus of attention
as well as by more marked arousal.
More generally, these observations
emphasize the undesirability of drawing
inferences concerning behavior from
electrophysiological observations in the
anesthetized or immobilized animal
which is incapable of any behavioral dis-
play. This is true not only in the case of
the recruiting responses but is equally
relevant for the response to stimulation
of the brain-stem reticular formation.
The effects of brain-stem stimulation
have customarily been given blanket
equation with awakening (4), but de-
pending on the state of the animal and
the parameters and location of stimula-
tion, such stimulation would appear to
be capable of leading to a wide spectrum
of behavioral changes that range from
awakening to the evocation of attention,
to startle, or to the arousal of general-
ized excitement. Now that appropriate
techniques are available, it is to be
hoped that such inferences may give way
completely to observations of behavior.
Epwarp V. Evarts
Laboratory of Clinical Science,
National Institute of Mental Health,
Bethesda, Maryland
Horace W. Macoun®
University of California, Los Angeles
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