duced elevations of corticosterone are
accentuated by synthetic opiate agonists
and enkephalin administration and
blocked by opiate antagonists (17, 18).
Chronic morphine administration, as in
cross-tolerance experiments, seems to
decrease pituitary-adrenal function (/7).
Thus, opiate agonists and antagonists
may exert some of their influence on
opioid stress-induced analgesia by ulti-
mately regulating corticosterone through
a direct effect on enkephalin-sensitive
opiate receptors, as well as through ac-
tion on midbrain pain pathways.
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Widespread Periodic Intrinsic Connections in the

Tree Shrew Visual Cortex

Abstract. Intrinsic connections within the tree shrew (Tupaia glis) visual cortex
(area 17) are organized in periodic stripelike patterns within layers I, II, and II1. This
anatomical network resembles the regularly organized stripes of 2-deoxyglucose
accumulation seen after stimulation of alert animals with uniformly oriented lines.
Such connections imply that widespread lateral interactions are superimposed on the
retinotopic organization of area 17 and suggest alternative interpretations of cortical

columns.

A vertical or columnar organization of
neocortex (/) has been suggested to un-
derlie analysis of separate aspects of
sensation (2, 3). In the primate visual
cortex, this vertical organization is ex-
emplified by two systems: ocular domi-
nance and orientation specificity (3).
Physiological recording (4) and 2-de-
oxyglucose (5) experiments appear to
demonstrate columns, but there are still
many questions about their structure and
function. In particular, there is no well-
defined anatomical basis for a cortical
column extending through layers I to VI.
Only in the instance of ocular dominance
has an anatomical substrate been detect-
ed. The segregation of thalamic fibers
according to ocularity has been clearly
visualized in layer IV of the macaque (6),
and it is then presumed that this segrega-
tion is reflected onto the adjoining lay-
ers, thus leading to a column influenced
largely by one eye (3, 6). No anatomical
basis has yet been delineated for the
columnar organization of orientation
specificity.

Reports of regularly arranged peaks of
cytochrome oxidase or glutamic acid de-
carboxylase activity within layers II and
111 suggest even greater complexities in
cortical organization (7, 8). The meta-
bolically labeled patches appear to coin-
cide with one another and can be related
to patterns of ocular dominance and ori-
entation specificity, as shown by accu-
mulations of deoxyglucose. These find-
ings suggest that the supragranular lay-
ers (II and III) have an intrinsic periodic-
ity which must be taken into account in
discussing the vertical organization of
the cortex.

We recently demonstrated that the
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tree shrew (Tupaia glis) has a system of
periodic intracortical connections within
the supragranular layers which links
widespread regions of primary visual
cortex. Tree shrews, like monkeys, have
a highly developed sense of vision and a
complexly laminated visual cortex. Un-
like the macaque, there is no physiologi-
cal or anatomical evidence of ocular
dominance domains in tree shrews (9,
10). However, deoxyglucose experi-
ments reveal regularly spaced columns
of high glucose uptake following visual
stimulation of alert animals with lines of
uniform orientation (/7). The labeled col-
umns form parallel slablike arrays that
are aligned in a pattern resembling the
physiologically mapped bands of orienta-
tion-specific neurons (12).

To demonstrate these intrinsic cortical
connections we injected small volumes
of horseradish peroxidase (HRP) (0.02 pl
of 20 percent aqueous Boehringer HRP)
in the primary visual cortex of seven tree
shrews; in most cases the injection did
not involve the underlying white matter.
Bilateral injections were made in four
animals. After 42 to 48 hours, the ani-
mals were anesthetized and perfused
with mixed aldehydes followed by a su-
crose buffer wash. The brain sections (30
wm) were reacted with tetramethyl ben-
zidine (TMB) or diaminobenzidine chro-
mogens. Effective injection sites—areas
where dense reaction product obscured
both neurons and neuropil—were esti-
mated to be 0.5 to 1.2 mm in diameter.

Figure 1A shows an HRP injection in
striate cortex; periodic densities of trans-
ported label extend for 2 to 3 mm on all
sides of the injection site, and patches
can be mapped over a distance of about 8

SCIENCE, VOL. 215, 19 MARCH 1982



Fig. 1 (left). (A) Coronal section through the striate cortex of a tree
shrew shows a large HRP injection (*) and HRP-labeled patches
extending both laterally and around the medial surface. Arrowheads
delimit groups of four lateral and eight medial patches (X 16). (B and
C) Consecutive sections through medial striate cortex, where longer
segments (arrows) of HRP label are often found; this is the same
Fig. 2 (right). (A) Tangential section

brain as in (A) (X12).

18/17

SR -

Ant.
AT

through striate cortex shows five stripelike arrays (arrows) of HRP-labeled intrinsic connections and the injection site (*); the fifth stripe appears
faint (x15). (B) Computer reconstructions of two ceronally sectioned brains show HRP injection sites (*) and overall pattern of intrinsic
connections. (C) HRP-filled neurons in area 17 which project to prestriate cortex (x200). (D) Two HRP-filled patches with interconnecting fibers

(arrow) (x200). Abbreviations: Ant., anterior; Lat., lateral; Med., medial; and Post., posterior.

mm?. In coronal sections, the patches
are limited to the supragranular layers
and are most intense in layers II and
ITIIA. They average about 230 pm in
cross section and are separated by nonla-
beled spaces of slightly smaller dimen-
sion, with a center-to-center repeat dis-
tance of 450 to SO0 wm. The patches
were visible in all the injected hemi-
spheres, but the intensity of the label and
the area over which patches could be
detected varied. They were most visible
in cases with good orthograde transport,
which was achieved best when two small
injections were placed close together and
the tissue reacted with TMB.

Patches of HRP activity consist of
both orthogradely labeled axon termina-
tions and a small number of retrogradely
filled neurons (about six per patch per
30-pm section), many of which could be
identified as small pyramidal neurons.
Numerous long axons course horizontal-
ly in layers II and III from the injection
site and between individual patches (Fig.
2D). In contrast, only a few axons can be
traced from the deeper layers, suggesting
that .this system derives largely from
intrinsic connections originating from
the retrogradely labeled neurons in lay-
ers IT and III (/3). A likely correlate of
the intrinsically projecting supragranular
neurons is found in Golgi-stained prepa-
rations, which show small to medium-
sized pyramidal neurons, with dendritic
spreads of approximately 200 to 250 pm,
located very superficially in the cortex.
The axons of these neurons have particu-
larly extensive laterally spreading collat-
erals, which can be traced for more than
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1 mm in a single 90-pm section. (Their
descending axon trunks have been fol-
lowed as far as layer V, where they fail
to impregnate with silver and presum-
ably become myelinated.)

The overall topography of the intrinsic
periodicities is difficult to assess from
the small portions (about 8 mm?) of the
network that have been visualized. Sev-
eral lines of evidence suggest that the
periodicities may constitute a stripelike
array, running in a generally posterome-
dial direction from the lateral border
between areas 17 and 18. Computer re-
constructions of two coronally sectioned
brains (aligned by following blood ves-
sels) show that individual patches line up
in a stripelike array running anterolater-
ally to posteromedially (Fig. 2B). In ad-
dition, there are occasionally longer seg-
ments, where the microtome knife ap-
parently cut obliquely through a stripe
(Fig. 1, B and C). Finally, sections cut in
a plane tangential to the pia mater show
an overall stripelike pattern of label (Fig.
2A), with a suggestion of periodic densi-
ties within the stripes. In these tangen-
tial sections, there are axons that run
obliquely between nonadjacent portions
of the stripelike arrays, suggesting that
connections occur lengthwise down the
stripes as well as between them. Thus,
the intrinsic connections seem to achieve
considerable lateral interactions across
the retinotopic map of striate cortex.

The persistence of regularly arranged
labeled and unlabeled bands or patches
even close to large injection sites was
unexpected with such large injections
(up to 2.5 mm?, a distance which in-

cludes at least two labeled and unlabeled
patches). Such results imply two distinct
intercalated systems. One, illustrated by
the HRP label, evidently has wide inter-
connections, but between the widely
connected bands there is an interdigitat-
ed system with different and presumably
local connections. The occurrence of
these periodic, alternating regions of
widespread and local connections indi-
cates that there may be an anatomical
mosaic within the supragranular layers
of the tree shrew and raises the question
of whether other connections may be
organized in a periodic fashion to fit into
this mosaic. Neurons in layers II and
IIIA of area 17 (Fig. 2C), for example,
send projections to prestriate cortex,
as we ascertained by injecting HRP-
[*Hlproline into prestriate cortex: (A few
HRP-filled neurons also occur in layers
IIIB and ITIC.) No obvious periodicity of
these striate-efferent neurons can be de-
tected. But since both systems occupy
the same cortical depth, some overlap
between them is likely, and some neu-
rons may give rise to both intrinsic and
extrinsic connections. Prestriate to stri-
ate projections, however, show termi-
nals concentrated in layer I; that is, there
is not significant overlap with the termi-
nals of the intrinsic patch system.

The function of the periodic intrinsic
connections is not known; it is interest-
ing, however, that the intrinsic periodici-
ties in the tree shrew striate cortex are
reminiscent of the regularly organized
stripes or columnar slabs visualized by 2-
deoxyglucose following stimulation of
alert animals with uniformly oriented
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lines. The linear arrays of HRP patches
have dimensions similar to the deoxyglu-
cose stripes (a repeat distance of approx-
imately 500 wm) (1), and both patterns
seem to follow a generally posteromedial
direction from the lateral border between
areas 17 and 18. The possible correspon-
dence of the two systems raises interest-
ing questions. Perhaps the HRP pattern,
for example, constitutes an anatomical
substrate for the orientation-selective
system. In this instance, what appears as
a strict morphological periodicity may in
fact subserve a functional continuum,
with orientation determined by the de-
gree to which single neurons enter into
the widely connected system. -Alterna-
tively, the deoxyglucose columns may
not actually refiect the orientation sys-
tem that has been identified physiologi-
cally. In particular, can we be sure that
during vertical stripe stimulation, the
columns correspond to groups of verti-
cal-selective neurons, and the nonla-
beled interspaces correspond to horizon-
tally selective neurons? In the same tis-
sue, therefore, stimulation with horizon-
tal stripes should result in an exact mir-
ror reversal of the labeled and nonla-
beled spaces. In combined physiological
and deoxyglucose experiments in cats,
lesions marking the locus of vertical se-
lectivity apparently corresponded to
peaks of verticality induced deoxyglu-
cose patterns (14), but no direct evidence
is yet available to confirm the phase
shifting of the deoxyglucose pattern after
stimulation with horizontal as opposed
to vertical lines. As the HRP pattern in
the tree shrew appears to illustrate a
fixed anatomical locus, its correspon-
dence with the pattern produced by
deoxyglucose orientation suggests that
the deoxyglucose pattern is also fixed
and thus might not be directly related to
the orientation aspect of the stimulus.

How literally should we take the image
of a cortical column as a functional en-
tity, designed to segregate out different
submodalities? We might rather enter-
tain the view of multiple repetitive struc-
tures intrinsic to the cortex, which may
be adapted to fulfill a variety of func-
tions. It may be useful to consider the
vertical radial component of the cortex
as enmeshed in an elaborate horizontal
laminar organization, possibly in a multi-
ple lattice-like design. Although the in-
fluence of each lattice could be translat-
ed through the cortical depth, this con-
cept stresses the primacy of a particular
lamina in elaborating a given function
and underlines the importance of dynam-
ic interconnections throughout the hori-
zontal as well as the vertical extent of the
cortex.
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Finally, we have found (/5) that simi-
larly organized intrinsic connections oc-
cur in other species and may thus consti-
tute a basic feature of neocortical struc-
ture. The relation between this anatomi-
cal framework and other reported pe-
riodicities remains to be established.
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Behaviorally Conditioned Immunosuppression and Murine

Systemic Lupus Erythematosus

Abstract, Development of autoimmune disease in female New Zealand hybrid
mice was dramatically modified by classical conditioning of immunosuppression.
Groups of animals received each week a solution of sodium saccharin (conditioned
stimulus). One group of conditioned animals received an injection of cyclophospha-
mide (the unconditioned stimulus) after half of the weekly occasions when they
received the saccharin solution. The rate of development of proteinuria and mortality
were significantly retarded in these conditioned mice relative to untreated controls
and nonconditioned animals that received unpaired treatment with saccharin and

cyclophosphamide.

Several converging lines of evidence
implicate the central nervous system in
the regulation of immune processes (/).
Of relevance here is that behavioral con-
ditioning procedures can be used to sup-
press humoral and cell-mediated immune
responses (2). Conditioned immunosup-
pression is accomplished by pairing con-
sumption of a novel drinking solution—
the conditioned stimulus (CS)—with an
immunosuppressive drug, for example,
cyclophosphamide—the unconditioned
stimulus (US). When subsequently treat-
ed with antigen, conditioned animals that
are reexposed to the CS show attenuated
immune responses. The present study
was designed to examine the impact of
conditioned immunosuppression on the
development of systemic lupus erythe-
matosus (SLE) in New Zealand mice, an
autoimmune disease for which the fe-
male (NZB X NZW)F; (NZF;) mouse
has become a standard experimental
model (3). Treatment of NZF; mice with
cyclophosphamide prolongs survival of
animals that would otherwise develop a
lethal glomerulonephritis between ap-
proximately 8 and 14 months of age (4).
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On the basis of observations that im-
mune responses can be suppressed by
conditioning procedures, we hypothe-
sized that, in conditioned mice, the sub-
stitution of conditioned stimuli (placebo
treatment) for the immunosuppressive
drug would delay the development of
proteinuria and mortality relative to non-
conditioned animals treated with the
same dose of drug.

Individually caged female NZF; mice
were maintained under a 12-hour light-
dark cycle and given free access to food
and water. A chemotherapeutic regimen
was initiated when the animals were 4
months of age. Once each week for §
weeks all the animals were administered
a0.15 percent solution of sodium saccha-
rin (SAC) by pipette (up to 1.0 ml).
Cyclophosphamide (5) was injected ac-
cording to the following schedule.

The standard treatment group (C100)
received, once weekly, an intraperitone-
al injection of cyclophosphamide (30 mg/
kg) immediately after they received the
SAC solution. These stimuli were pre-
sented at the same time on the same day
of each week. Results derived from this
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