indicate that trunk muscles are unable to
regain normal tonus and form (Fig. 2).
Tetanic convulsions or chronic muscular
rigor (or both) are associated with sco-
liosis and probably produce the fractured
vertebrae of severely affected fish. The
possible effects that Kepone may have
on fish calcium metabolism, on the cor-
puscles of Stannius (because of their cal-
cium-mediating role in some fishes), and
on muscle contraction have not yet been
evaluated.

The mechanism or mechanisms
whereby different organochlorine com-
pounds affect organisms are poorly un-
derstood. Human victims of Kepone poi-
soning have suffered tremors, nervous-
ness (hyperkinesis), loss of memory, and
slurred speech, among other effects (7).
The human response syndrome suggests
neurological lesions, some of which
probably occur at higher nervous cen-
ters, as a result of Kepone poisoning.
Tremors and other neurological-depen-
dent responses in laboratory animals in-
creased in severity with increasing Ke-
pone concentration and duration of ex-
posure (7). Hansen, et al. (5) observed
the same correlation between concentra-
tion of Kepone, duration of exposure,
and severity of scoliosis and related
signs in fish. Our observations suggest
that the severity of scoliotic effects in the
sheepshead minnow is related to the du-
ration of continuous exposure to a single
low Kepone concentration (4 ug/liter).
Much higher concentrations of Kepone
(2 to 400 mg/kg per day) are required to
elicit neuropathological, reproductive,
and tissue effects in birds or mammals
).

JouN A. CoucH
JAMES T. WINSTEAD
LARRY R. GooDMAN
U.S. Environmental Protection Agency,
Environmental Research Laboratory,
Gulf Breeze, Florida 32561

References and Notes

1. D. Horak, Colo. Dep. Nat. Resour. Fish. Inf.
Leafl. No. 29 (1975); J. E. Halver, Fish Nutri-
tion (Academic Press, New York, 1972).

2. F. P. Meyer, Prog. Fish Cult. 28, 33 (1966); D. I.
Mount and C. E. Stephan, Trans. Am. Fish.
Soc. 96, 185 (1967); J. A. McCann and R. L. Jas-
per, ibid. 101, 317 (1972); P. Weis and J. S.
Weis, Environ. Res. 12, 196 (1976); F. L. Carter,
thesis, Louisiana State University (1971).

3. G. W. Holcombe, D. A. Benoit, E. N. Leonard,

.(I,SI)\_'/ié)McKim;J. Fish. Res. Board Can. 33, 1731
1 .

. G. L. Hoffman, U.S. Fish Wildl. Serv. Fish.
Leafl. No. 508 (1962).

. D.J. Hansen, L. R. Goodman, A. J. Wilson, Jr.,
Chesapeake Sci., 18, 226 (1977).

. K. Wolf and M. E. Markiw, J. Protozool. 23,
425 (1976).

. J. Raloff, Chemistry 49, 20 (1976); L. Z. McFar-
land and P. B. Lacy, Toxicol. Appl. Pharmacol.
15, 441 (1969); N. Chernoff and E. H. Rogers,
ibid. 38, 189 (1976).

8. ﬁWle1 thank H. S. Barrett for the radiograph of the

sh.

8 March 1977; revised 13 April 1977

N N L A

5 AUGUST 1977

Limbic System Interrelations:

Functional Division Among Hippocampal-Septal Connections

Abstract. Neuronal activity was recorded simultaneously from hippocampus and
medical or lateral septum during classical conditioning of the rabbit nictitating mem-
brane response. Although similarities exist between hippocampal and lateral septal
patterns of activity, medial septal unit discharges indicate a different role during

learning.

Interrelations between hippocampus
and septum have been a major focus of
neurophysiological and anatomical in-
vestigation (/). Recent evidence impli-
cates the hippocampal-septal system in
learning (2). Our laboratory has recently
reported dramatic changes in neuronal
activity in the hippocampal formation
during classical conditioning of the nicti-
tating membrane response of the rabbit
(3). We now relate unit activity of the
medial and lateral septal nuclei to hippo-
campal neuronal plasticity using this
paradigm.

Methodological details have been de-
scribed previously (3). Two micro-
electrodes per animal were permanently
implanted, one in the dorsal hippo-
campus (CAl or CA3) and one in either
the medial or lateral septum. After 1
week of recovery, animals in the condi-
tioning group were given 13 blocks of
trials per day, with eight CS-UCS )
paired trials and one CS-alone (1-khz,
85-db, 350-msec tone) test trial per
block. The UCS was a 100-msec air puff
to the cornea, onset 250 msec after CS
onset. Animals were given one, some-
times two, days of conditioning. Control
animals received 13 blocks of unpaired
CS and UCS presentations per day, with
eight CS-alone and eight UCS-alone pre-
sentations, for 16 unpaired trials per
block. Data from 19 conditioning and 8
control animals are reported here.

Multiple-unit activity (3) was recorded
simultaneously from hippocampus and
septum during all phases of training. Re-
cordings were subsequently band-pass
filtered, with a pulse-height discrimina-

tor set to pass only the larger units. Unit
analysis consisted of computing (i) the
mean and standard deviation of cell dis-
charges occurring 250 msec prior to CS
onset (pre-CS period) and (ii) the mean
number of spike events during equal in-
tervals after CS onset (CS period) and
UCS onset (UCS period). A standard
score was computed for each block of
trials for the CS period and the UCS pe-
riod relative to the pre-CS period (3).
Poststimulus histograms of the total
number of neural responses (per 15-msec
time bin) in all three periods were also
constructed for each block. Behavioral
analysis consisted of an analog-to-digital
conversion of the amplitude-time curve
of nictitating membrane movement for
each trial. At the completion of training,
animals were anesthetized, current was
passed through each electrode, and
placements were verified histologically
after perfusion.

Analysis of lateral septal neuronal rec-
ords (N = 10) revealed, in all but one
case, the same pattern of unit activity
seen in previously reported hippocampal
results (3). Figure 1, A and B, shows the
average nictitating membrane responses
plus hippocampal and lateral septal post-
stimulus histograms from a typical ani-
mal at early and late phases of condi-
tioning. Both hippocampal and lateral
septal recordings show a rapid growth of
unit activity in the UCS period early in
training, long before behavioral condi-
tioning (Fig. 1A). In addition, the pattern
of unit firing, as represented by both
poststimulus histograms, temporally pre-
cedes and parallels the amplitude-time

Table 1. Mean standard scores of unit activity in the CS period (CSP) and the UCS period (USP)
computed from hippocampal (paired N = 11; unpaired N = 5), lateral septal (paired N = 10;
unpaired N = 4), and medial septal (paired N = 9; unpaired N = 4) electrode site recordings

during training trials.

Hippocampus Septum
Block Lateral Medial
CSP USP
CSP USpP CSP USP
Paired
First 1.27 6.91 1.47 5.44 4.19 7.78
Last 5.42 15.90 5.02 13.29 1.63 4.00
Unpaired
First 0.18 1.80 0.13 3.04 2.50 6.84
0.33 3.22 1.34 1.81 0.29 5.40

Last
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course of the nictitating membrane re-
sponse. As paired training proceeds and
behavioral conditioned responses devel-
op, increases in hippocampal and lateral
septal activity occur in the CS period as
well. Finally, responses during both lat-
eral septal and hippocampal (3) UCS pe-
riods increase in magnitude throughout
the course of paired training (Fig. 1B).
Differences between hippocampus and
lateral septum are evident only in the
rates of growth of UCS period activity
over trials on day 1. Across blocks, the
hippocampal response shows a negative-
ly accelerating trend, while the lateral
septal response increases linearly.

In contrast to lateral septal findings,
medial septal results (N = 9) do not
show parallels with the type of neuronal
plasticity exhibited in the hippocampus
(Fig. 1, C and D). Instead, medial septal
neurons show evoked unit activity to

Lateral septum

H

NM — NM

i/\ L sept

both tone and air-puff presentation. For
the same measures from paired training
on day 2, the hippocampal response has
increased significantly and has shifted
temporally into the CS period (Fig. 1D).
The pattern of medial septal activity, on
the other hand, has remained constant
across blocks, the only change being a
decrease in the magnitude of the evoked
response to CS and UCS onsets.

Data from control animals (N = 8)
given unpaired CS and UCS trials in-
dicates that, although unit increases of
lateral septal conditioning animals are
unique to the paired paradigm, neuronal
responses seen in medial septal animals
are not (Fig. 2). For blocks of air-puft-
alone training trials from days 1 and 2
of unpaired training, there are reflex re-
sponses to the UCS presentation, yet
there is no unit increase associated with
nictitating membrane movement (Fig. 2,

Medial septum

NM R —— NM
'y .

L sept MIIIIl“uhhlmlmlh||!||||.|lhh”m|!“

NM NM

nl“u|mllihiliml;ll!||Ill|\ll”l|“l“llll!l

A and B). For the tone-alone trials of the
same blocks of unpaired training, there
are no sensitization responses to the CS
presentation and no evoked neuronal
discharges associated with the stimulus
occurrence (Fig. 2, C and D). Findings
from the unpaired trials of lateral septal
animals showed no change in unit activi-
ty across blocks during either CS- or
UCS-alone trials and, in total, were
equivalent to previously reported hippo-
campal control results (3). Although
analysis showed large conditioning-ver-
sus-control differences for lateral sep-
tum, recordings from medial septum re-
vealed identical paired and unpaired pat-
terns of neural discharge. Unit responses
in the medial septum are also elicited by
unpaired air-puff and tone presentations
(Fig. 2, E to H).

Analysis of standard scores indicated
that, although the relative amount of hip-

Lateral septum
//’\" C

L sept Hululn Ei|;!nnilihmlmmlmnmh

faiohiiBnatifinamilll
L sept "

Medial septum

v ol

L sept Maﬂ“ﬂnum

Fig. 1 (left). Upper trace, average nictitating membrane (NM) re-
sponse for one block of eight trials. Middle trace, hippocampal (Hip-
poc) unit poststimulus histogram for one block of eight trials. Lower
trace, septal unit poststimulus histogram for one block of eight trials.
(A) Early paired conditioning, day 1. Lower trace electrode site, later-
al septum (L sept). (B) Late paired conditioning, day 2. Lower trace
electrode site, L sept. (C) Early paired conditioning, day 1. Lower
trace electrode site, medial septum (M sept). (D) Late paired condi-
tioning, day 2. Lower trace electrode site, M sept. First cursor in-
dicates tone onset; second cursor indicates air-puff onset. Total trace
length is 750 msec. Height of vertical bar to right to hippocampal unit
poststimulus histogram in (A) is equivalent to 54 neural spike events
per 15-msec bin. Fig. 2 (right). Upper trace, average NM response
for one block of eight trials. Lower trace, septal unit poststimulus

il "
. € O
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M sept “MW l m
M sept " M sept “.Lﬂ_-—
F A H
N
~
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a

histogram for one block of eight trials. (A) Early block of UCS-alone trials, day 1. (B) Late block of UCS-alone trials, day 2. (C) Early block of CS- -
alone trials, day 1. (D) Late block of CS-alone trials, day 2. Lower trace electrode site (A to D), L sept. (E) Early block of UCS-alone trials, day 1. (‘F)
Late block of UCS-alone trials, day 2. (G) Early block of CS-alone trials, day 1. (H) Late block of CS-alone trials, day 2. Lower trace electrode site
(E to H), M sept. Early cursor indicates tone onset; late cursor indicates air-puff onset. Total trace length is 750 msec.
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pocampal and lateral septal unit activity
increases progressively over training for
conditioning animals only, medial septal
neuronal responses decrease across tri-
als for both paired and unpaired groups
(Table 1). For both the lateral septal and
medial septal responses, a 2 X 13 analy-
sis of variance was computed for paired
versus unpaired standard score mea-
sures over all blocks of trials. Consistent
with the interpretation of medial septal
activity as sensory evoked responses,
analysis of variance failed to reveal any
significant differences between groups in
paired and unpaired conditions for either
period, on either day. Moreover, re-
sponses during both paired and unpaired
CS periods (P < .05) and UCS periods
(P < .01) showed a significant across-
block decrement on day 1. Lateral septal
trends were also confirmed, with the be-
tween-groups effect significant for the
UCS period on both days (P < .01, day
1; P < .05, day 2), and the CS period dif-
ferences reaching significance (P < .05)
by day 2.

Although many studies have indicated
septal involvement in learning (2), our
findings now argue for a distinction be-
tween possible roles of the medial and
lateral septal nuclei. Neuronal records
obtained from the lateral septum are
completely consistent with anatomical
descriptions of that area as a primary ef-
ferent projection site for hippocampal
pyramidal cells (/). These results further
support an association between hippo-
campal function and learned behavior
(3), as most aspects of hippocampal cel-
lular response correlated with nictitating
membrane conditioning are also seen at
the level of the lateral septum. On the
other hand, our findings imply that the
medial septum may function in an af-
ferent capacity with respect to the hippo-
campus, at least in this learning para-
digm, responding primarily to stimulus
onsets. This implication is supported by
anatomical evidence (/) and is in ac-
cordance with characterizations of
medial septal activity as ‘‘arousal’ in
nature (5).

THEODORE W. BERGER
RicHARD F. THoMPSON
Department of Psychobiology,
University of California,
Irvine 92717
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Event-Related Brain Potentials: Comparison

Between Children and Adults

Abstract. Event-related brain potentials in response to tachistoscopically present-
ed stimuli were recorded from adults and children. Rare, nontarget stimuli (both
novel and easily recognized) elicited different brain potentials in children and adults,
while equally rare, target stimuli elicited similar potentials in children and adults.

Although the averaged event-related
brain potential (ERP) has been studied in
infants and children (1), ERP wave forms
with latencies later than 250 to 300 msec
have seldom been examined. Shelburne
(), studying children aged 8 to 12 years
found late positive waves (latency, 450
to 600 msec) in response to the last letter
of three-letter words that were presented
one letter at a time, tachistoscopically.
Symmes and Eisengart (3), however,
studying children aged 5 to 11 years,
found large negative waves (latency, 520
msec) in response to colorful pictures of
cartoon figures and familiar objects such
as toothbrushes and keys; they did not
report finding P3 waves or any other late
positive waves. It is unclear whether the
different waves found in these two stud-
ies reflect differences in subject popu-
lations, tasks, stimuli, or attention or
arousal levels. Furthermore, no com-
parisons of such late waves in children
with those in adults have been reported.

In an effort to compare late waves elic-
ited in normal children to those of adults,
I presented four categories of visual
stimuli to ten children (age 6 to 8 years)
and ten adults (age 23 to 35 years) ().
The results show that novel and easily
recognized stimuli that are nontargets
(that is, not counted by the subject) and
deviate from an ongoing sequence of
background stimuli elicit very long la-
tency -negative and positive waves in

children (termed Nc¢ and Pc waves); in
contrast, such stimuli consistently elicit
P3 waves in adults. However, in re-
sponse to equally infrequently presented
but target stimuli (those counted by the
subject), P3 waves similar to those seen
in adults are recorded in children.

Each subject reclined in an easy chair
2.5 m from a viewing screen. Slides were
flashed onto this screen at regular inter-
vals of 1250 msec; each flash lasted 80
msec and subtended 2.3° of visual angle.
Subjects fixated their eyes on a dot at the
center of the viewing screen during slide
presentations.

Four types of visual stimuli were used
in different phases of this experiment: (i)
slides bearing the letter A, each subtend-
ing a visual angle of 0.5° and having a lu-
minance of 1.8 log cd/m?; (ii) slides bear-
ing the letter B with the same visual
angle and luminance as A slides; (iii)
slides bearing any letter from C to Z,
each subtending a visual angle of 0.2°
and having a luminance of 1.3 log cd/m?
(termed dim); and (iv) slides bearing nov-
el stimuli, each consisting of a different,
quasi-random, unrecognizable color pat-
tern, subtending a visual angle of 2.3°
and having a luminance of 1.2 log cd/m?
©).

Before the recording session began,
each subject was shown a sample 20-
slide sequence of A’s and B’s and was
told that the slides would be presented in
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