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THE ARGUMENT FOR CHEMICAL MEDIATION
OF NERVE IMPULSES'

By Dr. WALTER B. CANNON
GEORGE HIGGINSON PROFESSOR OF PHYSIOLOGY, HARVARD MEDICAL SCHOOL

WHEN an impulse travels along a nerve it is at-
tended by a quick rise of negative electrical potential,
followed by a quick fall. The duration of this “spike
potential” includes the absolutely refractory and the
relatively refractory periods of nerve function. The
fall is not immediately to zero, but is checked by a
slower, negative after-potential. And that in turn
is followed by a longer, positive after-potential,
The changes are more rapid in fibers of large diam-
eter than in small fibers; the spike lasts only 0.4
msec. in the fastest fibers (e.g., those supplying
skeletal muscles) and thereupon the nerve can be

1The annual Alpha Omega Alpha address, given on
October 13, 1939, at the celebration of the fiftieth anni-
versary of the foundmg of the Medical School of the
University of Minnesota.

stimulated again.? As elsewhere in the body, such
electrical phenomena are signs of physicochemical or
chemical processes which accompany functional activ-
ity. In nerve there must be to a large extent a res-
toration of the resting state, when an impulse has
passed, before another impulse can traverse the same
course. Assoeiated with the electrical phenomena of
nervous activity is a use of oxygen, an output of ear-
bon dioxide and a display of heat. Since a nerve soon
ceases to transmit impulses in the absence of oxygen,
it is reasonable to assume that the inereased metab-
olism, demonstrable when a nerve functions, indicates
that chemical work is involved. According to evi-

2 H. S. Gasser, Harvey Lectures (Baltimore), 32: 169—
174, 1937.
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the nuecellus, are found. Shortly after fertilization
active cell division is initiated in the integuments as
well as in the endosperm mother cell and the zygote.
The cells of the inner integument divide longitudinally
so0 that this tissue normally continues to have two lay-
ers of cells at the later stages of development. The
cells adjacent to the endosperm are tapetal-like in
appearance.

In material collected 48 to 72 hours after pollination
in whieh the collapse of fertile ovules is frequent the
cytoplasm of the cells immediately adjacent to the
endosperm becomes finely vacuolate and densely stain-
ing, and the resemblance to tapetal cells is gradually
lost. This condition, which makes its first appearance
on the funicular side of the ovule in the region of the
vaseular bundle, is often seen before any impairment
of the embryo sac becomes evident. Breakdown of the
endosperm follows, beginning in the chalazal region
and progressing toward the embryo. At this stage
there is extensive meristematic activity in the chalazal
portion of the inner integument. Through transverse
division of the cells this tissue may come to be three
to five layers in thickness. The ovule may continue to
enlarge for several hours, even after the endosperm has
broken down, but its growth soon ceases.

The frequency of collapse of fertile ovules in alfalfa
is much higher following self-pollination than after
outerossing to unrelated plants. In a representative
experiment involving seven individuals on which the
two types of matings were made under strietly com-
parable conditions the average values were 34.4 per
cent. and 7.1 per cent., respeetively, in the interval
up to 144 hours after pollination.2 The relatively high
survival of ovules containing hybrid, as compared with
inbred, embryos and endosperms affords a clue to the
cause of somatoplastic sterility.

Fertilization initiates development of the embryo
and the endosperm and stimulates mitosis in the sur-
rounding somatic tissue. The ovule, quiescent prior to
gametic union, suddenly springs into active growth.
Further development of these structures is largely
dependent upon food moved in from other parts of the
plant, the visible reserves immediately at hand in
alfalfa being very limited in amount and quickly dis-
appearing after fertilization. The critical factor for
survival at this stage seems to be the manner in which
the translocated food is shared between the endosperm,
on the one hand, and the inner integument, on the
other. The partition of nutrients appears to depend
upon the rate of growth inside and outside the embryo
sac. It may be assumed that the synthetic processes
are essentially alike in the different tissues eoncerned,
and hence, that the same raw materials are in concur-
rent demand. TUnder these conditions of parallel
growth the available foods will be shared between the
inner integument and the structures within the embryo
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sac in proportion to the velocity with which growth
is occurring in the respective tissues. Continued devel-
opment of the ovule following fertilization demands a
balance in rate of growth between the endosperm,
which is the dominant tissue within the embryo sae,
and the adjacent maternal tissue which will insure the
nourishment of both. If, during early development,
the balance is upset by failure of the endosperm to
keep pace with growth in the extensive surrounding
tissue the endosperm starves and, eventually, the ovule
collapses. ’

Following hybridization in alfalfa, the rate of
growth of the endosperm, as measured by the number
of nuclei, is found to be significantly higher than after
selfing. The two classes of embryos, on the other
hand, grow at only slightly different, and much lower,
rates. As mentioned above, only about one fifth as
many fertile ovules collapse after crossbreeding as
after selfing. The initial conditions in the ovule out-
side the embryo sac being alike in the two cases, it
seems clear that the higher survival following crossing
is the result of the more active growth of the hybrid
endosperm. Conversely, following self-fertilization,
the rate of growth of the endosperm is frequently so
low that the balance soon shifts in favor of the integu-
ment. The hyperplasia we have deseribed then arises,
causing collapse of the endosperm and, eventually,
terminating development of the ovule.

R. A. Brixk
D. C. CoorEr
UNIVERSITY OF WISCONSIN
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Highly Praised . . . Widely Adopted
HAUPT’S

AN INTRODUCTION TO BOTANY

By ArraEUr W. HAUuPT
Associate Professor of Botany
University of California at Los Angeles

McGraw-Hill Publications in the Botanical Sciences

396 pages, 6 x 9, illustrated. $3.00

This immediately successful text has won enthusiastic response from teachers everywhere. In the
first year of publication forty-two colleges and universities have adopted the book. The following
institutions are representative: ‘ '

University of Arkansas Colorado State College Louisiana Polytechnie Institute

Brigham Young University Florida State College for University of Manitoba

University of California at Los Women Miami University

Angeles Fresno State College University of North Carolina

University of Chicago Georgetown University Smith College

University of Cincinnati Harvard University University of Vermont

Clemson College University of Idaho West Virginia University

University of Colorado Johns Hopkins University University of Wyoming
‘I find the illustrations and clear, simple language ““The text is extremely well written and generously
especially pleasing. T congratulate you and Professor illustrated with figures taken from both photographs

1 ER
Haupt on the production I‘;fotf}é:s‘gf °11§‘AUL WEATHERWAX and beautifully executed line drawings.’’
Indiana University H. CASTLE, in the

¢‘In addition to being wisely planned, the book is well American Journal of Science

written. Outstanding among its features are the num-

ber and quality of its illustrations. . . . The book can ¢‘The author has digested and presented clearly and
be very serviceable for a one-semester course and is so concisely the rich botanical heritage of the past several
recommended.’’ F. G. Brooks, in Bios : . . .
. . generations, . . . The illustrations are superior. ...
‘‘Professor Haupt is to be congratulated for his re- The author aims ‘to introduce the college student to
markably fine illustrations—the best I have seen.’’ the science of plant life’: this he d dmirably.??
Professor R. W. GIBBS e science of plant life’; this he does, admirably.
MeGill University EpwiN B. MATZKE, in Science

LABORATORY MANUAL OF ELEMENTARY BOTANY

By ART;IUR W. Haver. McGrow-Hill Publications in the Botanical Sciences. T7T pages,
6x9. $1.00

Writj:e_n to accompany the author’s text, this laboratory manual presents 112 independent exercises
providing sufficient material for an average course. The directions have been made as simple and
concise as possible, with a minimum of descriptive matter.

Send for copies on approval

a—

McGRAW-HILL BOOK COMPANY, INC.

330 West 42nd Street, New York, N. Y. Aldwych House, London, W.C.2
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_For botanists, agronomists,
——————— horticulturists, silvicul-
— ——— turists, and soil scientists

GROWING PLANTS
x NUTRIENT SOLUTIONS

By WAYNE I. TURNER and VICTOR M. HENRY

Use of nutrient culture methods has enabled the scientist to determine readily the amount of the
various vital elements which a plant requires for food, and the effect of these elements on the
growth of that plant. For many years experiments for this purpose have been condueted in
the laboratory.

This book, however, takes the subject out of the realm of pure experiment. Instead of dealing
with the usual small array of plants in the laboratory, it demonstrates the practical success of
nutrient culture methods in large-scale’ growing. It covers all the ‘‘hows’’ of starting and
continuing nutrient culture: exact methods, formulas, photographs of actual crops and installa-
tions, working drawings of construetion of efficient greenhouse layouts, sketches of actual bench
construction, typieal equipment needed, enough elementary chemistry, botany and plant physiol-
ogy to enable the beginner at it to be successful if instructions are followed, and lists of sug-
gested sources of equipment and materials.

Each step in the process is explained concisely and minutely. For instance, thorough instrue-
tions are given on how to determine the amounts of chemicals or fertilizers to use. Information
is also given on the relation of the amount of light to the amount and kind of plant foods needed.

More and more frequently the suggestion is being heard that chemical agriculture may supplant
present methods of growing. It may make possible complete emancipation from the seasons, the
elimination of soil diseases, effects of drought and poor soil, shovel and wheelbarrow work., It
may bring about the growing of food to a preseribed analysis.

The authors of this book are by training and experience unusually well qualified to discuss with

" authority both the theoretical and practical aspects of nutrient eculture. Both took their college
degrees in Floriculture, and the senior author, Mr., Turner, has in the last twenty years devoted
himself to the commercial growing of greenhouse crops. He is well known to the trade and is
recognized as one of the finest rose growers in the country. The past four years he has spent
developing the practical application of nutrient culture to greenhouse crops on a large seale. At
the present time he operates over 70,000 square feet in nutrients.

This book offers a lucid and practical exposition of what is being done today in the growth of
plants in nutrient solutions.

Published December 6th
154 pages 29 illustrations; 3 colored plates 6by9 $3.00

JOHN WILEY & SONS, INC.

440 FOURTH AVE. NEW YORK




