trophysiological results suggest that this
effect may be mediated by way of a di-
rect pathway from the raphe to the
SPN’s. Although other mechanisms such
as disfacilitation or disynaptic inhibition
involving a spinal interneuron cannot be
definitively excluded, the weights of the
combined evidence suggest that the med-
ullary raphe inhibits the SPN’s by a di-
rect pathway.
JounN B. CaBoT
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Department of Physiology, School of
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Zea diploperennis (Gramineae): A New Teosinte from Mexico

Abstract. A perennial teosinte or “‘wild maize’’ endemic to the Cerro de San Mi-
guel, Sierra de Manantlan, Jalisco, Mexico differs from Zea perennis by dimorphic
rhizomes, robust habit, and a larger number of longer, laxer tassel branches. The
fact that it is a diploid (2n = 20) has taxonomic and agronomic significance. The

seeds are used locally for food.

Earlier this year, Guzmdn (I, 2) re-
ported his remarkable rediscovery of pe-
rennial teosinte, thought extinct in the
wild since 1921 (3), at two sites in south-
ern Jalisco, Mexico. Subsequently, both
sites were visited by three of us (H.H.I.,
J.F.D., and R.G.M.), and specimens,
seeds, and rhizomes were collected and
initial analyses were made. This report
confirms Guzmadn’s conclusion regard-
ing the Ciudad Guzmadn population—that
it is, indeed, conspecific with the tetra-
ploid 2n = 40) Zea perennis (Hitchcock)
Reeves and Mangelsdorf, originally dis-
covered in this area by Hitchcock in
1910. However, the plants from the
second location, Cerro de San Miguel,
though similar in many ways, are a
clearly distinct diploid taxon, here de-
scribed for the first time:

Zea diploperennis Iltis, Doebley & Guz-
man. Sp. nov.

Similis a Zea perennis sed robustior, culmis
1-2 cm diam., rhizomatibus perennibus di-
morphis (gracilioris non nisi 5-15 cm X 5-10
mm, brevioris crassis, tuberosis 1-4 cm X 9-
15 mm), uterque cum internodiis brevibus 2-6
mm longis, foliis multo majoribus (40-80 x 4-
5 cm), inflorescentiis ‘& cum 3-13 ramis, ro-
bustioribus et 6-15 cm longis. Typus: lltis,
Doebley & Guzmadn 450.

Robust, erect, maizelike, loosely
clump-forming perennial, with five to
ten, or more, primary culms from one
rhizome system; rhizomes of two inter-
grading sorts, (i) cordlike long shoots, S
to 15 cm long, 5 to 10 mm in diameter,
these with many dense short (2 to 6 mm)
internodes, scaleless when mature, usu-
ally vertical or strongly ascending and
changing abruptly into the much thicker
culms, or less often horizontal and pro-
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ducing one to several culms from short
lateral shoots, or (ii) thick and tuberous,
ovoid to obovoid short shoots 1to 4 cm
long, 9 to 15 mm in diameter, each of
these produced horizontally from the
lowest two or three nodes of the primary
culms, clothed when young with tri-
angular, strongly convergent-veined,
overlapping, connivent scales, at times
growing upward (into a long shoot?) and

- producing a culm, or sometimes remain-

ing dormant to eventually produce one to
four lateral short or long shoots (or
both).

Primary culms 10 to 25 dm tall, 1 to 2
cm in diameter, unbranched (or with one
to three inconspicuous lateral branches),
the nodes, internodes, and leaf sheaths
glabrous throughout except for a more
or less dense fringe of long hairs on up-
per sheath margin and auricles of the up-
per leaves; ligule a thin membrane 1 to 2
mm long, the collar prominent; leaf
blades linear-lanceolate, the major cen-
tral or lower ones 40 to 80 cm long, 4 t0 5
cm wide, subcordate, glabrous, or sub-
glabrous, except for a few marginal long
hairs near base.

Male inflorescences with (2 to) 3 to 13
+ divergent to nodding branches, these
6 to 15 cm long, 12 to 20 mm wide, the
central one barely exceeding the others;
branching axis 1 to 4 cm long; spikelets
in sessile or pedicellate pairs (pedicels
1.5 to 3 mm long), crowded and over-
lapping (for example, 14 spikelet pairs in
4 ¢m); the branch internodes short (2 to 6
mm); the branch rachis about 1 mm
wide, in cross-section triangular with cil-
iate edges; spikelets 8.5 to 11.5 mm
long, about 3 mm wide; outer glumes
very thin and translucent, often purple-
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tuberous short rhizomes, which are covered with scale leaves; the arrow points to the stump of previous years’ culm.

L "

Fig. 1 (left). Root system of Zea diploperennis. Left plant showing a cordlike rhizome (note short internodes); right plant has two sectioned

Fig. 2 (right). Com-

parative growth of the two perennial teosinte species in a uniform environment (University of Guadalajara greenhouse), with Zea perennis on the
left, Z. diploperennis on the right, and R. Guzmén M. in the middle. The plants were grown from rhizomes collected in the wild, and were 9
months in cultivation. Plants growing in the wild would be somewhat shorter.

tinged, strongly green-nerved, the
nerves usually clustered marginally near
the apically ciliate prominent lateral
wings; outer glume strongly enclosing in-
ner glume.

Female spikes sessile or often borne
on long peduncles, frequently tipped by
short male racemes; fruit cases 5 to 10
per spike, trapezoidal-cylindric, 6 to 8.2
mm on the long side, 2.5 to 4.5 mm on
the short side, 4 to 5 mm in diameter;
when mature light sepia to grayish brown
speckled with dark brown or nearly
black; weight of 100 mature fruit cases
7.12 g.

Chromosomes number: 2n = 20; mei-
osis regular with ten bivalents ().

MEXICO: JALISCO: many, often
dense, colonies, mostly among tall
grasses and herbs (Dahlia coccinea,
Thalictrum), in deep soft soil, often on
edge of (or in) small streams, and some-
times on edge of (but not in) maize fields
or in grazed pastures, on what was
formerly open Pinus-Quercus (ellip-
tica?)-Carpinus caroliniana forest: at
base of rocky north-northeast-facing up-
permost slopes of Cerro de San Miguel
(east end of Sierra de Manantlan), just
north of and below saddle (crest) at La
Ventana (104°13"W, 19°31'45"N), near an
Indian hut surrounded by five gigantic
Yucca (elephantipes?) trees, 20 km due
south of El Chante, 7 km east-northeast
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of El Durazno (Municipio de Cuautitlan).
altitude 2250 to 2400 m, 22 September
1978, H. H. Iltis, R. Guzmdn M., J.
Doebley, and A. Lasseigne No. 450.

The holotype is in the Herbario de la
Universidad de Guadalajara (Zapopan);
isotypes (to be distributed) in B, BH,
BM, CHAPA, ENCB, F, GH, ILL,
K, L, LIL, MEXU, MICH, MO, NA,
P, TAES, TEX, UC, US, WIS, XAL
®).

Another collection from the same pop-
ulation was distributed as Zea perennis
[the location data given on this label (see
below) and by Guzmadn (/) are not quite
correct]:

Campos cultivos de maiz cerca del bosque
frio de pino, Cerro de la Ventana San Miguel,
15 km al E de la comunidad indigenia de
Cuzalapa, Municipio de Cuautitldn, Jalisco,
1700 m alt., 15 December 1977, R. Guzmdn
M. 777 [in ARIZ, Universidad Autonoma
Guadalajara, Universidad Guadalajara, Zapo-
pdn, MICH (5)].

This collection included mature seeds
which will be distributed with the type
material.

Common name: ‘‘Chapule,” ‘‘Maiz
Chapule,”’ or ‘‘Milpilla.””

It is of interest that the local people re-
port grinding up and mixing the kernels
with maize for use as food in hard times.

Similar to Zea perennis, Z. diplope-
rennis differs by its dimorphic rhizomes

with much shorter internodes (Fig. 1),
those of Z. perennis being usually 1 to 3
cm long; by its more open root system
which is not densely sod-forming, by the
larger number of, and longer and laxer
tassel branches (Fig. 2); by wider and
longer leaves; and by its considerably
more robust habit (Fig. 2).

The implications of this discovery are
considerable. (i) Being morphologically
primitive, this diploid wild maize could
give clues to the evolution of Zea, and
specifically to the origin of the supposed-
ly autotetraploid Z. perennis (6), its
probable descendant. (ii) Since it is a
diploid perennial, and interfertile with
maize, as shown by F, hybrids, grown
from field-collected seeds at the Univer-
sidad de Guadalajara, this new species
should provide geneticists and maize
breeders with a potentially valuable
source of germ plasm, and may lead to
the development of perennial maize.

HucgH H. ILT1IS -
JouN F. DOEBLEY
Department of Botany, University of
Wisconsin-Madison, Madison 53706
RAFAEL GUzMAN M.
Instituto de Botdnica, Apartado 139,
Universidad de Guadalajara,
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Cerebral Glucose Utilization: Local Changes During and

After Recovery from Spreading Cortical Depression

Abstract. Cerebral glucose utilization is markedly increased in most areas of the
cerebral cortex and reduced in many subcortical structures during spreading cortical
depression. During recovery, cortical glucose utilization is still elevated, but the in-
creased metabolic activity is distributed in columns running perpendicularly through

the cortex.

Spreading cortical depression, a phe-
nomenon first described by Leéo in 1944
(1), remains a puzzling and still poorly
understood response of the cerebral cor-
tex to a variety of noxious stimuli. It can
be elicited by mechanical, electrical,
thermal, and chemical stimuli 2) and is
characterized by a spread of transient in-
tense neuronal activity followed by de-
pression in all directions from the site of
initiation at a rate of 2 to 5 mm/min (2).
This rate of spread is similar to that seen
in the Jacksonian march of convulsions
or the development of the scotomata of
migraine in man (2, 3). The elec-
trophysiological changes consist of de-
polarization and decreased electrical ac-
tivity of neuronal units, depression of
amplitude of the electroencephalogram,
increased electrical impedance, and a
negative shift in the d-c potential of the
affected cortex (2). There is also evi-
dence of chemical changes in the de-
pressed cortex, for instance, a release of
K* and an increase in extracellular K*
#), decreased cortical pO, (2), decreased
concentrations of glycogen, glucose, and
phosphocreatine (5), and increased con-
centrations of inorganic phosphate and
lactic acid (5). Some of these chemical
changes are suggestive of increased en-
ergy metabolism, but measurements of
cerebral cortical energy metabolism in
spreading cortical depression have not
been reported. We have, therefore, em-
ployed the [**C]deoxyglucose method (6)
to determine the regional rates of glucose
utilization within the brain during and af-

ter the evocation of spreading cortical
depression.

The experiments were performed on
normal male Sprague-Dawley rats
weighing between 370 and 410 g. The
procedure for measuring local cerebral
glucose utilization has been described
6). Briefly, polyethylene catheters were
inserted into a femoral artery and vein
under light halothane-nitrous oxide
anesthesia, and the animal was then re-
strained by application of a loose-fitting
abdominal-pelvic plaster cast. Holes, ap-
proximately 2 to 3 mm in diameter, were
drilled through the skull over the occipi-
toparietal cortex on both sides of the
head to expose the dura, which was then
kept covered with mineral oil. At least 2
hours were then allowed for complete re-
covery of the animal from the effects of
anesthesia.

In one group of animals spreading cor-
tical depression was induced in one cere-
bral hemisphere by the application of a
filter paper disk soaked in 3M or SM KCl
to the exposed dura on that side. Anoth-
er disk soaked in 0.15M, 3M, or SM
NaCl was applied to the exposed dura on
the opposite or control side. Both disks
were replaced with freshly soaked disks
at 15- to 20-minute intervals until the end
of the experimental procedure. The ani-
mals so treated remained conscious, but
spreading cortical depression appeared
within 3 to S minutes after application of
the KCl disks and was manifested by a
marked hemiparesis and hemianesthesia
on the side of the body contralateral to
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the side of KCI application. Measure-
ment of local cerebral glucose utilization
was initiated 15 to 20 minutes after the
first application of the KCl and NaCl
disks by the administration of a pulse of
50 uCi of 2-deoxy-D-[1 — 'C]glucose
(specific activity, 50 to 55 wCi/umole) via
the femoral venous catheter. Arterial
blood samples were rapidly drawn imme-
diately after the pulse and at timed inter-
vals for 45 minutes. The blood samples
were immediately centrifuged to sepa-
rate the red cells, and the plasma sam-
ples were stored on ice until sub-
sequently analyzed for glucose and
[**C]deoxyglucose concentrations as de-
scribed (6). At the end of the 45-minute
period, the animal was decapitated, and
the brain was removed as rapidly as pos-
sible, frozen in Freon XII chilled to —60°
to —70°C with liquid nitrogen, sectioned,
and subjected to quantitative autoradiog-
raphy as described (6). Local cerebral
glucose utilization was calculated from
the time courses of the plasma
["C]deoxyglucose and glucose concen-
trations and the tissue '“C concentrations
by the operational equation of the
[**C]deoxyglucose method (6).

In another group of animals spreading
cortical depression was induced by the
application of KCl directly on the sur-
face of the parietal cortex. In these ex-
periments the animal was reanesthetized
with intravenous pentobarbital approxi-
mately 2 hours after recovery from the
halothane-nitrous oxide anesthesia, the
exposed dura was opened, and artificial
cerebrospinal fluid containing 20 to 80
mM KCIl was applied to one side of the
parietal cortex and artificial CSF without
added KCl was applied to the other side.
The d-c potential of the cortical surface
was monitored continuously by means of
Marshall glass pore electrodes (outer di-
ameter, 2 mm) (2). The recording elec-
trode was applied to the surface of the
cortex approximately 3 mm from the site
of KCI application, and the reference
electrode was placed in the subcutane-
ous tissues of the back of the neck. The
outputs of the electrodes were amplified
in a differential amplifier and displayed
on the face of a Tektronix type RM565
oscilloscope or recorded by means of a
Beckman model R611 polygraph. Local
cerebral glucose utilization was mea-
sured under two sets of conditions in
these experiments: (i) during sustained
spreading cortical depression manifested
by repeated waves of negative shifts of
d-c potential caused by repeated appli-
cations of KCl, and (ii) immediately after
return of the d-c potential to the normal
value after a single wave of depression
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