times 7p) after tetanus, at which time the
PTP component should have become
negligible.

We conclude that LTP is present in the
sympathetic ganglion and is thus not a
unique property of hippocampal synap-
ses. The unique feature of LTP is the
long duration of increased synaptic effi-
cacy (hours) after brief (seconds) stimu-
lation. Although this aspect of LTP is
similar in the ganglia and the hippocam-
pus, it is not known whether the underly-
ing mechanisms are similar. The sympa-
thetic ganglia should provide an easily
accessible preparation with which to
study this phenomenon and determine its
role in nervous system function. The
possible normal physiological role of ac-
tivity-dependent synaptic plasticity in
the sympathetic ganglion has been dis-
cussed elsewhere (19).
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Onset and Offset of Brain Events as Indices of

Mental Chronometry

Abstract. Analysis of single-trial electroencephalogram waveforms in a reaction
time task demonstrated that the onset and offset values of event-related potentials
can be used as indices of the duration of information processing. Two negative
waves have been identified which peak at different times in different regions of the
scalp, with the second overlapping the last part of the first. These waves are related
in different ways to the duration of perceptual processing.

Mental chronometry in humans is an
important issue in cognitive psychology
(). Progress in ifs understanding has
been made through electroencephalo-
gram (EEG) studies, particularly those
concerning the endogenous P300 or P3
wave (2). However, the P300 is preceded
by a negative wave, N200 or N2. The
peak latency of both waves was reported
to covary with perceptual processing (2—
4).

We report the existence of two types
of N200 waves, which are related in
different ways to the same behavioral
response; the duration of one increases
with reaction time, and that of the other
remains constant. These results provide
clues to the different functions of the
waves and may help in the conceptual-
ization of information processing in hu-
mans.

The N200 wave can be isolated for
observation by removing the overlapping
sensory P2 component; this can be ac-

complished by omitting an expected
stimulus and rendering the omission rele-
vant for the subject. However, even af-
ter the occurrence of a relevant stimulus,
N200 can be isolated by subtracting the
evoked potential obtained in a passive
situation (5-7). Both subtraction and
omission studies have shown that N200
may be a better index than P300 of the
temporal course of information process-
ing related to stimulus evaluation and
sensory-motor decision. In contrast to
P300, which sometimes peaks after the
behavioral response, N200 always pre-
cedes the response (3, 4). Furthermore,
unlike the P300, the distribution of N200
on the scalp varies with stimulus modal-
ity (6, 8, 9).

Two types of N200 have been de-
scribed for the visual modality: one is
central and the other parieto-occipital.
They were observed in both reaction
time and counting tasks and therefore
cannot be attributed to the movement-
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Fig. 2. Grand means of the EEG recorded at Cz (left) and POz (right) time locked to the offset of
each N200 wave. Latency-corrected average potentials were obtained for each RT quartile (26
trials for 1 and 27 for 2, 3, and 4). On the time scale 0 indicates the onset of POz:N220. Onsets of
Cz:N265 are from quartile 1 to 4: 101 msec, 187 msec, 214 msec, and 320 msec, respectively.
The reproduced rhythm is indicated by the thin black arrows, the reaction time by the wide
white arrows, and the time of the omission by the black triangles. The records illustrate (i) the
covariation of the peak latency of Cz:N265 and of the duration of POz:N220 with RT, and (ii)
the absence of variation of Cz:N265 duration as a function of RT.

related potentials (4, 7-10). Simson et al.
(6-8) and Renault and Lesévre (4) point-
ed out that the onset of the parieto-
occipital N200 is simultaneous with the
omission of the visual stimulus, but the
two events have not been measured in
the same experiment. We therefore stud-
ied the relation of the onset and offset of
the two N200’s and the time of the
expected stimulus and the behavioral
responses. We assumed that if one of the
negative waves reflected the onset of
information processing, then its onset
would covary with the time when the
stimulus was expected. In addition, to
the extent that the peak latency or offset
of this wave varies with the duration of
the information processing, the duration
of the N200 should increase when the
behavioral output is delayed.

The onset and offset latencies of the
two N200’s were measured in experi-
mental data previously reported (4). Sev-
en normal adults were asked to fix their
gaze on the center of a screen on which
20° checkerboards appeared for 22 msec
at a rate of one per second. Ten percent
of 450 stimuli were omitted randomly (no
two were omitted in succession). The
subject’s task was to tap a rhythm in
synchrony with the stimuli presented.
Each tap provided an indication of when
the subject expected the stimulus to oc-
cur—the expected stimulus time. In ad-
dition, the subject was required to flex a
finger (/1) as rapidly as possible after
detecting an omission in the stimulus
train—the reaction time (RT) to the omit-
ted stimulus.
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The N200’s and P300’s at Cz and POz
(a point located midway between Pz and
Oz) were measured in spatiotemporal
maps of single trial EEG’s by two inde-
pendent investigators who were unaware
of the subjects’ behavioral responses.
The N200’s were identified in 85 percent
of the trials. The 107 trials used for
subsequent analyses were those on
which the two investigators made identi-
cal measurements of two distinct N200
waves followed by two distinct P300
waves (12).

In contrast to the P300’s, the N200’s
always preceded the motor response. In
spite of the overlap in space and in time,
the two waves labeled POz:N220 and
Cz:N265 (13) differed significantly in
mean (= standard deviation) onset la-
tencies (16.2 = 112.6 and 197.6 = 91.7
msec), mean peak latencies (218.7 =
109.7 and 264.9 = 93.6 msec), mean
peak locations (22.3 = 7.3 and 52.4 =
10.5 percent), and mean durations (305.7 =
87.2 and 112.5 = 30.3 msec) (I4). The
onset of POz:N220 varied from -—182
msec before the stimulus omission time
to 286 msec after it; the corresponding
time of the reproduced rhythm ranged
from —226 to 220 msec (mean, —54.9
+ 104.1 msec). :

To test the apparent covariation of the
two measures, product-moment correla-
tions of the onsets of POz:N220 and of
that of the reproduced rhythm were com-
puted. For all subjects and all single
trials pooled, the correlation coefficient
() was .61 (15). Except in two instances
Cz:N265 began after POz:N220. The in-

terval between the onset of the N200
waves ranged from —30 to 434 msec
(mean, 181.4 = 96.3 msec); both waves
ended at approximately the same time,
with the difference between their offsets
ranging from —152 to 160 msec (mean,
11.8 = 49.9 msec). Furthermore, there
was only a small correlation between the
time of the rhythm and the Cz:N265
onset, whereas the onset and offset of
POz:N220 and those of Cz:N265 were
highly correlated (16). Therefore, the
stage of information processing that
starts with the reproduced rhythm seems
to initiate the generation of POz:N220,
and the underlying proceses reflected by
this wave lead in turn to the generation
of Cz:N265, which develops concurrent-
ly with the end of the POz:N220. An
alternative explanation suggesting inde-
pendent, parallel initiation of the
POz:N220 and the Cz:N265 from the
time of the reproduced rhythm is not
consistent with the fact that the onset of
the Cz:N265 did not covary highly with
the time of the rhythm.

These results indicate that the begin-
ning of the process that leads to omission
detection is associated with the onset of
POz:N220. Therefore, RT’s were mea-
sured from this point. Product-moment
correlations between RT’s thus calculat-
ed and the trial-by-trial duration of each
negative wave were computed (Fig. 1).
Across subjects and trials, » = .57 and
.09 for POz:N220 and Cz:N265, respec-
tively (17). Measures of RT from the
omission and the reproduced rhythm
were also computed; in both cases corre-
lations across subjects and trials were
markedly reduced (/8). This finding is
consistent with the suggestion that the
beginning of the information processing
leading to a motor response is marked by
the onset of POz:N220 and not by the
omission or the reproduced rhythm. Be-
sides, neither the duration or offset laten-
¢y of Cz:N265 and POz:N220 nor the RT
was consistently correlated with the time
of the reproduced rhythm. We conclude
that (i) the expected stimulus time of the
subject determines only the onset of
POz:N220, and (ii) POz:N220 provides
an index of the duration of information
processing, since its duration appears to
be a determinant of RT.

Subtraction studies by Ritter (/9) and
Harter and Guido (7) indicated that a
component resembling POz:N220 was
associated with visual perception. In the
case of the omission response, the pro-
cesses underlying the behavioral output
probably involve verification of the time
estimation, identification of the stimulus,
template matching, and response selec-
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tion. The onset of POz:N220 occurred on
the average 71.1 msec after the repro-
duced rhythm, and we assume that this
interval included the verification of the 1
second that elapsed from the preceding
visual stimulus. Therefore, the onset of
POz:N220 might mark the beginning of
the identification stage, and its offset
either the end of template-matching or
response selection (20). Thus the dura-
tion of POz:N220 may be considered an
independent variable indicating on-line
perceptual processing before P300 gener-
ation,

Although the duration of Cz:N265 did
not vary with RT, its onset, peak, and
offset latencies did (+ = .58, .57, and .56,
respectively). To show the effect of in-
creasing RT on POz:N220 and Cz:N265
more clearly, the trials were averaged
according to RT quartiles. The duration
of POz:N220 and the peak latency of
Cz:N265 were nearly twice as long in the
fourth quartile as in the first (Fig. 2). It
also appears that Cz:N265 (central sharp
peak) occurred at the end of the parieto-
occipital wave, which appeared between
the reproduced rhythm and the subject’s
motor response.

The temporal relations between
POz:N220 and Cz:N265 might aid in
choosing between serial and parallel
models of human information process-
ing. Whatever underlying process is re-
flected by Cz:N265, probably orientation
(21), it appears to be concurrent with the
processes reflected by the last part of
POz:N220 and sometimes with those re-
sponsible for the central initiation of the
movement. However, these parallel pro-
cesses are not independent since the
onset and offset values of POz:N220 and
Cz:N265 covary and are related to the
motor response. Thus, from a theoretical
point of view, the relationships between
these cerebral and behavioral events
support parallel contingent or cascade
types of models (22). In the cascade
model all processing stages operate con-
tinuously, and information, as it be-
comes available, is transferred from one
to the next. In our view, a part of these
information transfers and their subse-
quent processing could be reflected by
the brain waves we have described.
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Dietary Restriction in Mice Beginning at 1 Year of Age:

Effect on Life-Span and Spontaneous Cancer Incidence

Abstract. Lifelong dietary restriction beginning at 3 to 6 weeks of age in rodents is
known to decelerate the rate of aging, increase mean and maximum life-spans, and
inhibit the occurrence of many spontaneous cancers. Little is known about the
effects of dietary restriction started in middle age. In the experiments now reported
the food intake of 12- to 13-month-old mice of two long-lived strains was restricted by
using nutrient-enriched diets in accordance with the concept of ‘‘undernutrition
without malnutrition.”” The mice on the restricted diet averaged 10 to 20 percent
increases in mean and maximum survival times compared to the control mice.
Spontaneous lymphoma was inhibited by the food restriction.

Rats and mice given restricted diets
from about the age of weaning (3 to 6
weeks) show extended mean and maxi-
mum survival times (/) and a decreased
incidence or delayed onset of several
diseases of old age (2). Other strategies
for delaying aging in rodents (for exam-
ple, administration of antioxidants or
hormones) differ from weaning-initiated
dietary restriction in that they do not
cause clear-cut increases in maximum
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longevities (3) or inhibit age-related in-
creases in mortality rates (4). Old ro-
dents that have been subjected to re-
stricted diets since weaning show more
youthful physiologic (5) and immunolog-
ic (6) responses than do age-matched
controls. Although underfed rodents
consume fewer calories than control ani-
mals (25 to 50 percent less in most stud-
ies), intakes of other essential nutrients
(such as vitamins, salts, and protein)
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