activity reflects a reduction in the num-
ber of effective aggressor cells, rather
than an inhibition of some recruitment
phase of the response. In the presence
of ARA, two to three times as many
Lewis aggressor cells are required to
achieve the same graft-versus-host re-
sponse as that observed in control hosts.
Therefore, the presence of ARA cor-
relates with a selective antireceptor ef-
fect in this assay (I3).

3) Additional evidence for the anti-
receptor effect of ARA was obtained
by measurements of the hemagglutinin
antibody response (I4) of Lewis ani-
mals passively immunized with ARA
before receiving an intraperitoneal in-
jection of 107 LBN spleen cells. Groups
of four or five Lewis animals were in-
jected intravenously with 1 ml of either
ARA, normal LBN serum, or serum
from LBN animals injected subcutane-
ously 7 days before exsanguination with
1 ml of the Lewis alloantiserum. This
last group of control animals was in-
cluded in order to evaluate the possi-
bility that passive carry-over of Lewis
serum components might be responsible
for the biological effects of ARA. In
three experiments the effect of ARA on
the hemagglutinin antibody response of
53 Lewis rats was measured. The re-
sults of one such representative experi-
ment are shown in Fig. 3. Passive im-
munization with ARA suppressed the
hemagglutinin response of Lewis ani-
mals to LBN antigens. There is some
indication that the effect of ARA given
24 hours before antigen was more pro-
nounced than that produced by injec-
tion 1 hour before antigen administra-
tion.

Lewis animals were also immunized
with 108 sheep erythrocytes 24 hours
after passive immunization with 1 ml
ARA. As shown in Fig. 3B, ARA did
not affect the hemagglutinin response
of Lewis animals to sheep erythrocytes.
The ARA-induced suppression of the
hemagglutinin response to BN antigens
represents a specific suppression of the
immune response. '

These results indicate that LBN ani-
mals can produce antibody against the
Lewis alloantibody, and that this anti-
antibody has the properties of an anti-
receptor antibody. Antireceptor activity
is indicated by selective inhibition of
Lewis antibody response to BN antigens

as well as by inhibition of the response

of Lewis lymphoid cells, in the local
graft-versus-host - reaction against BN
antigens. The graft-versus-host response
is generally thought to require partici-
pation of those thymus-derived lymph-
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oid cells involved in cell-mediated im-
munity (15). It is possible, therefore,
that antireceptor antibody may control
or inhibit some cell-mediated immune
responses. Moreover, recent studies
have established that Lewis animals
produce an “ARA-like” material upon
prolonged immunization with BN anti-
gen (I16). Thus, ARA may occur natu-
rally in the course of immunization
with antigen, and it may well partici-
pate in the control or limitation of the
Lewis response to BN antigens.
THoMAS J. MCKEARN
Department of Pathology,
University of Chicago, and Franklin
McLean Memorial Research Institute,
Chicago, Illinois 60637

References and Notes

1. J. Uhr and G. Mdller, Adv. Immunol. 8, 81
(1968); D. A. Rowley and F. W. Fitch, J.
Exp. Med. 120, 987 (1964).

2. M. C. Raff, M. Feldmann, S. de Petris, J.
Exp. Med. 137, 1024 (1973); S. K. Singhall

and H. Wigzell, Prog. Allergy 15, 188 (1971).

. O. Makela, Transplant. Rev. 5, 3 (1970).

. H. Ramseier and J. Lindenmann, J. Exp. Med.
134, 1083 (1971); D. A. Hart, W.-L. Wang,
L. L. Pawlak, A. Nisonoff, ibid. 135, 1293
(1972); H. Binz and J. Lindenmann, ibid. 136,

© 872 (1972).

5. H. Cosenza and H. Kohler, Proc. Natl. Acad.
Sci. U.S.A. 69, 2701 (1972).

6. Lewis alloantiserum to BN was prepared by
injecting groups of male Lewis rats with 5 X 107
spleen and lymph node cells from Lewis X BN
(LBN) F, hybrid rats. The initial injection
was made as an emulsion in Freund’s complete
adjuvant. A second injection 1 month later
was made without adjuvant. The cells were
injected into the footpads and peritoneal
cavities of the Lewis animals. Serum was
collected 7 days after the second injection;
the antibody titers by the hemagglutinin assay
were greater than 1 : 1000 and by cytotoxicity
tests they were 1:32 to 1:64.

- 7. D. L, Mann, G. N. Rogentine, J. L. Fahey,

B

S. Nathenson, J. Immunol. 103, 282 (1969).

8. H. O. Sjogren, I. Hellstrom, S. C. Bansal,
G. A. Wainer, K. E. Hellstrém, Proc. Natl.
Acad. Sci. U.S.A. 68, 1372 (1971).

9. O. H. Lowry, N. J. Rosebrough, A, L. Farr,
R. J. Randall, J. Biol. Chem. 193, 265 (1951).

10. H. Daugherty, J. E. Hopper, A. B. Mac-
Donald, A. Nisonoff, J. Exp. Med. 130, 1047
(1969).

11. Occasionally, precipitin activity has been
observed between normal Lewis serum and
certain pools of Lewis alloantiserum. This
activity appeared not to be related to the
reactivity of the Lewis " alloantiserum with
ARA. Prolonged heating of fresh normal
Lewis serum at 56°C can cause that serum
to precipitate with some pools of Lewis allo-
antiserum. Therefore, we do not heat serums
before gel diffusion analysis.

12, W. L. Ford, W. Burr, M. Simonsen, Trans-
plantation 10, 258 (1970).

13. In an attempt to achieve suppression of the
graft-versus-host response of Lewis aggressor
cells 1 ml of ARA was passively administered
to LBN hosts, but inhibition occurred only
with small doses (2 to 4 X 108) of aggressor
cells.

14. C. D. Severson and J. S. Thompson, J.
Immunol. 96, 785 (1968).

15. W. L. Elkins, Prog. Allergy 15, 78 (1971).

16. Hyperimmune serums from Lewis animals
injected six times with 108 x-irradiated BN
fibrosarcoma cells at weekly intervals develop
a precipitin line in gel diffusion against serum
from Lewis animals injected twice with the
same tumor cells at an interval of 1 month.
The precipitin line between the two Lewis
serums formed a line of identity in gel with
that line formed between ARA from L X BN
F, hybrids (see text) and the Lewis antiserum
to BN obtained after two antigen injections.
Hyperimmune serum did not form precipitin
lines with ARA. Thus it would appear that
under appropriate conditions the antigen may
induce not only an antibody response but
also the formation of anti-antibody.

17. 1 thank Drs, F. W. Fitch, F. P. Stuart, and
D. A. Rowley for their many helpful discus-
sions and suggestions. I also thank Y.
Hamada, M. Neu, and E. Neu for technical
assistance. This work was supported by PHS
training grant GM-00093, PHS grants AI-4197,
A1-9268, and AI-08074 and by the Franklin
McLean Memorial Research Institute. The
Institute is operated by the University of
Chicago for the U.S. Atomic Energy Commis-
sion; formerly the Argonne Cancer Research
Hospital.

25 June 1973; revised 20 August 1973 "

Neural Pathways from Thalamus Associated with

Regulation of Aggressive Behavior

Abstract. Small electrolytic lesions were made through electrodes in the thal-
amus of cats at sites where electrical stimulation elicited attack on a rat. Staining
by modified Nauta reduced silver methods revealed that significant degeneration
passed caudally from the lesions and entered the midbrain dorsal central gray
region. Electrical stimulation of this dorsal midbrain region elicited attack on a
rat, and destruction of this region suppressed the attack elicited by thalamic stimu-

lation.

Although medial and midline thal-
amic structures are involved in the
elaboration of aggressive behavior (Z,
2), little is known of the neural path-
ways through which such effects on
aggressive behavior are mediated. In
an attempt to reveal the neural path-
ways from the thalamus which are in-
volved in the elicitation of aggressive
behavior, we made small electrolytic
lesions through electrodes in the thal-
amus of cats at sites where electrical

stimulation elicited attack on a rat, and
traced the resultant degeneration by
use of modifications of Nauta reduced
silver staining procedures for degenera-
tion. Since not all of the degeneration
after lesion of thalamic attack sites is
necessarily related to attack, we also
examined the effects on attack of elec-
trical stimulation and lesions of areas
suggested by the degeneration to be
involved in attack.

The anatomic

‘observations were
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made on 11 cats. Each cat was fitted
under aseptic conditions with one elec-
trode guide mounted stereotaxically on
the skull over the thalamus. Approxi-
mately 1 week after surgery, each cat
was placed in a large observation cage
with a deeply anesthetized rat and a
bowl of food. None of the cats spon-
taneously attacked the rat. A sterile
calibrated monopolar electrode (insu-
lated except for 0.60 mm at the tip)
was then advanced in approximately
0.25-mm steps through the guide into
the thalamus of each cat. The animal
was stimulated at each step and its
behavior was noted. Stimulation con-
sisted of biphasic square-wave pulses
(1-msec half cycle) repeated at a fre-
quency of 62.5 hertz (3).

When a biting attack on the rat was
elicited, the electrode was temporarily
held at that point with bone wax and
6 to 12 more trials were given to ascer-
tain the stability of the behavior. The
attack observed was similar to the quiet
biting attack elicited by electrical stim-
ulation of the lateral hypothalamus
(4). However, whereas biting attack
elicited from the lateral hypothalamus
is usually accompanied by stalking
about the cage, the cats stimulated at
thalamic attack points sat quietly in
place and did not approach cr attack
the rat until it was pulled into their
field of vision (5).

Immediately after testing for attack
was completed, small electrolytic le-
sions were made through the stimu-
lating electrodes. Each cat was then
stimulated through its electrode at in-
tensities two to three times higher than
those that previously elicited attack. If
attack could not be elicited at the
higher intensities, the electrode was
removed and the guide was cemented
over to prevent infection. If stimulation
still resulted in attack, the lesion was
made larger in small steps until attack
could no longer be elicited at the
higher intensities. Qur aim was to de-
stroy as many fibers associated with at-
tack as possible with a relatively small
lesion. The diameter of the lesions varied
from 0.50 to 2.0 mm. After lesions
that eliminated attack, stimulation
elicited only mild alerting.

At 2 to 14 days after the lesions
were made, the cats were anesthetized
and perfused with physiological saline
and 10 percent formalin. The brains
were cut at 26-um thickness, and adja-
cent sections were stained with cresyl-
echt violet or a modified Nauta stain
for degenerating axoplasm and axon
terminals (6).
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All lesions of thalamic attack sites
were located in the posterior midline
thalamic region in the general areu of
the junction of nucleus centralis me-
dialis and nucleus medialis dorsalis.
The degeneration resulting from lesions
of biting attack sites in the thalamus
of two cats is shown (Fig. 1; Fig. 2,
A to C). A similar picture of degenera-
tion was seen in all animals sustaining
lesions. Coursing rostrally from the le-
sion, some degeneration was observed
in rostral midline thalamic regions, and
additional bundles of degenerated fibers
could be traced within the inferior
thalamic peduncle to the internal cap-
sule (Fig. 1, A to D). In two cats, this
latter degeneration could be followed
within the internal capsule to lateral
and medial portions of the caudal or-
bitofrontal cortex. However, since elec-
trical stimulation of the rostral midline
thalamus (2) and caudal orbitofrontal
cortex (2, 7) suppresses hypothalamic
attack, it is unlikely that these path-
ways are directly involved in the elicita-
tion of thalamic attack behavior. Lai-
erally, from nearly the entire extent of

the lesions, degeneration spread into
the internal medullary lamina and nu-
cleus paracentralis and centralis later-
alis (Figs. 1C and 2A). Again, how-
ever, this pathway is probably not
directly involved in the elicitation of
attack, inasmuch as stimulation in the
region of these intralaminar nuclei
leads to an arrest of all movement and
not to attack (2). Passing caudally
from the lesions, degeneration followed
a dorsal periventricular course, pierced
the ventral portion of the posterior
commissure, and entered the dorsal
portion of the midbrain central gray
substance (Fig. 1B; Fig. 2, B and C).
This degeneration, which was com-
pletely confined to the nucleus dor-
salis of the periaqueductal gray sub-
stance (8), diminished in intensity as
it proceeded caudally and disappeared
at the level of the middle portion of
the red nucleus. That thalamic attack
might be mediated, at least in part, by
these caudally directed periventricular
fibers is suggested by the fact that the
degeneration observed in the thalamic
periventricular region just caudal to the

Fig. 1. Degeneration resulting from a lesion of a thalamic attack site in cat 05232B
(14-day survival time) plotted on charts of horizontal sections. The sections (A, most
dorsal; D, most ventral) were cut at a slight angle so that the rostral portion of each
section is slightly dorsal to the caudal portion of the same section. Heavy dots represent
degenerating fibers of passage, and small dots indicate degenerating terminal fibers.
Abbreviations: A4, anterior nuclei of thalamus; 4Q, aqueduct of Sylvius; CD, caudate
nucleus; CG, central gray substance of midbrain; CL, central lateral nucleus; F, fornix;
FR, fasciculus retroflexus; III, third ventricle; IV, fourth ventricle; INC, internal
capsule; LG, lateral geniculate body; LV, lateral ventricle; MD, dorsomedial nucleus;
MG, medial geniculate body; RT, reticular nucleus; PC, posterior commissure [in (B)]
and paracentral nucleus [in (C)]; PO, posterior nuclei of thalamus; ¥V, ventral nuclei

of thalamus; and 7.3, oculomotor nucleus.
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lesions (Fig. 2B) lies in a region in
which stimulation facilitates hypothala-
mic attack (2). In no cats was there
any evidence of degeneration within
the hypothalamus. This observation is
consistent with  MacDonnell and
Flynn's report (2) that large bilateral
lesions at the caudal border of the hy-
pothalamus which completely blocked
biting attack elicited by hypothalamic
stimulation did not block biting attack
clicited by stimulation of the thalamus,
and supports their suggestion that the
attack elicited by thalamic stimulation
is not due to transsynaptic activation
of a hypothalamic attack zone.

In previous anatomic studies of the
connections of the posterior medial and
midline thalamic regions, projections
to rostral midline thalamic nuclei, to
the orbitofrontal cortex, and to intra-
laminar nuclei (9) were reported. For
reasons detailed above, however, it
seems unlikely that rostral midline
thalamic regions, orbitofrontal cortical
regions, or lateral intralaminar nuclei
are directly involved in the elicitation
of thalamic attack behavior. Yet, thal-
amic attack might be mediated, at least

in part, by the caudally directed peri-
ventricular fiber system reported here.
In order to determine if the dorsal
periventricular-periaqueductal pathway
was involved in the mediation of at-
tack, we examined the effects of elec-
trical stimulation along this pathway.
A preliminary study of the effects of de-
struction of the dorsal periaqueductal
region on thalamically elicited attack
behavior was also made.

Observations were made on 19 cats.
Surgical and implantation procedures
were similar to those previously de-
scribed. A quiet biting attack similar
to that elicited by stimulation of the
thalamus was elicited by stimulation
of the dorsal periventricular-periaque-
ductal region in six cats (/0) (Fig. 2).
As with thalamic attack, the approach
to the rat appeared to be visually de-
pendent; blindfolding the cat always
eliminated the attack. Also, the stalking
about the cage which is characteristic
of hypothalamic biting attack was not
observed. In addition, in contrast to
the hissing, spitting, growling, baring
of the teeth, laying back of the ears,
and striking with the paws character-

Fig. 2. Correspondence between the region from which attack was elicited and the
midbrain area where degeneration is observed after lesion of a thalamic attack site.
Caudally directed degeneration (B and C) resulting from a lesion (A) of a thalamic
attack site (7-day survival time) is plotted on charts of frontal sections, cat brain
01122B. Midbrain electrode tip locations at which electrical stimulation elicited attack
are indicated by solid triangles. Animal identification numbers are to the upper left
of each brain section. Abbreviations: CM, centrum medianum nucleus; CP, cerebral
peduncle; H, habenula; LD, lateral dorsal nucleus; LP, lateral posterior nucleus; MB,
mamillary body; OT, optic tract; PC, posterior commissure; R, red nucleus; SN,
substantia nigra; and 3N, third nerve. See Fig. 1 legend for additional abbreviations.
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istic of attack elicited by electrical
stimulation of the ventrolateral central
gray region (I1), the biting attack
elicited by rostral dorsal central gray
stimulation was not accompanied by
signs of autonomic arousal other than
pupillary dilation and some piloerection
along the back and tail. Thus, within
the rostral midbrain central gray re-
gion there appear to be two quite dis-
tinct zones, a dorsomedial zone in
which electrical stimulation elicits a
quiet form of biting attack and a
ventrolateral zone in which stimulation
elicits an affective paw strike attack—
affective defense reaction.

In three additional cats the effects
of lesions of the dorsal periaqueductal
region on attack elicited from the thal-
amus were also examined. Two of the
cats also had two hypothalamic attack
clectrodes each. Lesions (2.0 to 4.0
mm in diameter) in the dorsal peri-
aqueductal gray region suppressed or
completely blocked the attack elicited
by thalamic stimulation. For these
three cats, however, thalamic stimula-
tion that failed to elicit biting of the
rat often elicited approach to the rat
and even rubbing of the cat’s muzzle
against the rat. This suggests that, for
thalamic attack, the neural pathways
that direct the approach to a target
and the biting attack on that target
may be separable. The biting attack
elicited by hypothalamic stimulation
was not affected by the lesions.

The dorsal periventricular-periaque-
ductal region from which attack was
elicited and in which lesions suppressed
thalamic attack corresponds well with
the midbrain area in which degenera-
tion was observed after lesion of thal-
amic attack sites. This indicates that
the degeneration that descends to the
dorsal midbrain central gray region
after lesion of thalamic attack sites is
involved in the elaboration of thalamic
attack behavior. It also indicates that
the use of brain stimulation and ana-
tomical techniques in the same animal
to trace the neural pathways related to
a particular behavior, and the subse-
quent use of brain stimulation and
lesion to determine the behavioral func-
tion of the indicated pathways, pro-
vides an effective means for defining
the neural basis of a particular be-
havior, in this case a pathway for at-
tack and its possible function.

RICHARD J. BANDLER, JR.
Jonn P. FLYNN
Departments of Psychiatry and
Anatomy, Yale University School of
Medicine, New Haven,
Connecticut 06508
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Neonate Movement Is Synchronized with Adult Speech:

Interactional Participation and Language Acquisition

Abstract. As early as the first day of life, the human neonate moves in precise
and sustained segments of movement that are synchronous with the articulated
structure of adult speech. These observations suggest a view of development of
the infant as a participant at the outset in multiple forms of interactional organi-

zation, rather than as an isolate.

In the discipline of kinesics, methods
of microanalysis of sound films of hu-
man communication have revealed that
key elements of interaction exist in the
gestures, postures, and configurations
of movement accompanying speech (I-
3). These methods, applied to inter-
action between neonate and caretaker,
have revealed a synchronization of in-
fant movement organization with the
articulatory segments of adult speech
as early as the first day of life.

Frame-by-frame microanalysis of
sound films of adult interaction has
led to study of the organization of
events within intervals of 1 and 2 sec-
onds—the domain of microkinesics
(2). A Bell and Howell 16-mm pro-
jector (time-motion analyzer) is used
to segment and transcribe body mo-
tion (4). With this projector, film can
be manually transported, one frame at
a time, or series of frames can be
scanned and contrasted with each
other. Each film frame has an identify-
ing number at the top (5). Body move-
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ments—of an arm for example—can
be repeatedly reexamined by varying
the number of frames scanned until the
frame is located in which change in
direction occurs. All body parts de-
tected to be moving—including brows,
eyes, and mouth—are systematically
analyzed in this fashion. Notations are
made for each part: lines for frames

in which movement in a particular di-
rection is sustained and arrows for the
frame in which movement terminates
or changes direction. An acoustic sound
reader permits location of the film
frame numbers of the boundaries of
speech segments, such as phones, syl-
lables, and words (4). Frame-num-
bered sound films of the oscilloscope
display of the speech provide a check
on the accuracy in locating speech seg-
ment boundaries in relation to frame
numbers. Since the same speech is
recorded again on the sound track that
accompanies the film of speech visual
dislay, the investigator can both hear
and see the speech change points in
relation to frame numbers.

These procedures permit an analysis
of the relation of body movements to
each other and to speech in both
speaker and listener during interaction.
As a person speaks, several body parts
are usually moving. Units of behavior
were observed: Several body parts,
which might be moving in different
directions and with different speeds,
maintain those directions and speeds in
relation to each other for a brief time,
usually 0.04 to 0.16 second. This pat-
terning of movement appears to be
panhuman in that it has been observed
in all films studied, including cross-cul-
tural films. Several of these quantal
configurations in infant behavior are
circled in Fig. 1. These quantal forms
of microorganization of a speaker’s
motion are isomorphic with the articu-
lated structure of his speech. This has
been called self-synchrony (2). Fur-
ther, the configurational organizations
or “units” of the listener’s body motion
are synchronous with the speaker’s
speech. This has been called “inter-
actional synchrony” (3). These syn-
chronies are not readily detectable at
normal communication speed, appear
to occur primarily in relation to speech,

Table 1. Correspondence of infant movements with live speech. Baby E’s motion segmentation
was compared with speech segmentation of the adult for the total sequence (study 1) and for
the first 336 frames only (study 2). In study 3, baby C’s motion segmentation during 336
frames of silence was compared to the first 336 frames of speech segmentation on the
sound track of baby E.

Breakdown of discrepancies by

Total A Estimated . O .
s Total : gree- range of linguistic categories
tudy P discrep- ment t*
rames ancies (%) agreemen Within Phone Word
(%) phone boundary boundary
1 892 65 93 91.3-94.5 55 5 4
2 336 21 94 90.7-96.4 14 5 2
3 336 119 65 59.0-70.0 51 38 30

* This column gives, for P = .025, the maximum risks of overestimating the lower limit and of
underestimating the upper limit for random samples having the percentage of misses in studies 1 to
3. Values obtained from (10).
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