indicate that after the first day of culture
the pLRF released was newly synthe-
sized. These findings are consistent with
previous studies showing that placental
tissue in vitro releases its initial content
of immunoreactive LRF during the first
24 hours of culture (3).

The remaining eluates of pLRF from
the CM-cellulose chromatography were
pooled and concentrated by Diaflo filtra-
tion. The pLRF of the resulting concen-
trate was measured by radioimmunoas-
say and doses of 1.5, 2.0, 5.0, 7.0, and
9.3 ng were injected intravenously into
five adult male rats. An increase in LH
release was observed. Similar doses of
synthetic LRF were injected into anoth-
er group of male rats and this elicited an
LH response similar to that of the pLRF.
The total net increase of LH (minus the
baseline) was calculated from 0 to 60
minutes after the injection of either
pLRF or synthetic LRF. Linear regres-
sion analysis of the total net LH release
stimulated by similar doses of pLRF and
synthetic LRF yielded a correlation co-
efficient of .944 (P < .002). Thus the
pLRF obtained by CM-cellulose chro-
matography was biologically equipotent
to synthetic LRF.

This study demonstrates that the hu-
man placenta synthesizes a pLRF that is
immunologically, physiochemically, and
biologically indistinguishable from hypo-
thalamic LRF. We have postulated that
the function of this pLRF may be to con-
trol hCG secretion and thus may affect
steroidogenesis during pregnancy. We
demonstrated previously that synthetic
LRF can stimulate a- and 3-hCG release
by the human placenta in vitro and that
the stimulation of B-hCG occurs in a
dose-response manner (2, 5); these find-
ings were confirmed by other investiga-
tors, as was the stimulation of adenosine
3’,5’-monophosphate production by syn-
thetic LRF (6). Recently, we found that
circulating chorionic gonadotropin in the
pregnant monkey increased after the ad-
ministration of synthetic LRF (7). The
amino acid sequence, chemical nature,
and biological significance of the pLRF
synthesized by the placenta remain to be
determined.

G. S. KHODR
T. M. SILER-KHODR
Department of Obstetrics and
Gynecology, University of Texas Health
Science Center, San Antonio 78284
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Toward a Functional Architecture of the Retina:

Serial Reconstruction of Adjacent Ganglion Cells

Abstract. Twenty adjacent ganglion cells in cat retina were partially reconstructed
from electron micrographs of serial thin sections. Cells were classified by size and by
dendritic branching patterns as a, B, or vy cells. The a and B cells were further sub-
divided by differences in the laminar distribution of their dendrites in the inner plexi-
Sform layer. The distribution of synaptic contacts on the cells was distinctive for each
of the five major classes. Contacts on the o and B cells were mainly on the dendrites
in the sublamina in which a cell’s major dendritic arborization was contained.

There has been substantial progress in
correlating the anatomical structure of
cat retinal ganglion cells with their elec-
trophysiological properties. Based on
Golgi impregnations of single neurons,
Boycott and Wassle (/) divided the gan-
glion cell population into « cells (large
somas and broad, radiate dendritic
trees), B cells (medium-sized somas and
narrower, bushy dendritic trees), and vy
cells (small somas, varied dendritic ge-
ometry). [The «, B8, and vy cells seem to
correspond to Y, X, and W cells, respec-
tively, in the current physiological

Table 1. Diameter, surface area, and volume
for each of 20 reconstructed ganglion cell bod-
ies. Differences in surface area and volume

for somas of the same diameter reflect dif-

ferences in shape.

Size Diam- Surface v
olume
cate- eter area (um®)
gory (wm) (um?) H
a > 31* 1,705 10,049
> 25% 1,654 9,250
B 19 1,117 4,532
19 1,032 4,120
18 855 2,931
17 937 3,475
16 855 2,957
16 757 3,558
15 931 2,956
y 12 123 934
12 434 1,085
10 564 1,261
10 337 671
9 242 468
9 347 713
9 350 547
8 165 338
8 166 222
7 162 221
6 158 211

*Minimum value; cell did not reach its maximum di-
ameter within series.
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scheme (2).] Ganglion cells have been
further subdivided anatomically accord-
ing to the height in the inner plexiform
layer (IPL) at which their dendrites arbo-
rize. Cells that branch in the outer third
of the IPL have off-center receptive
fields, whereas cells that branch in the
inner two-thirds of the IPL have on-cen-
ter receptive fields (3).

Little is known about the distribution
of synaptic contacts on ganglion cells.
We lack such basic information as
whether the contacts are on the cell bod-
ies or the primary dendritic shafts, and
whether [as the data of Nelson et al. 3)
would suggest] the contacts are restrict-
ed to the dendritic branches in the sub-
lamina of each cell’s major arborization.
Nor is much known about the biophysi-
cally relevant parameters for each cell
type, such as soma surface area. The lat-
ter is particularly important, since it can
be a major determinant of a cell’s input
impedance (¢). Finally, the distribution
of the five cell classes within a small
patch of retina is unknown because the
Golgi method, which defines each class
by soma size and branching pattern,
stains only a few of the neurons in a giv-
en region.

Reconstruction from electron micro-
graphs permits study of the micro-
distribution, dendritic and synaptic pat-
terns, and biophysically relevant param-
eters of specific ganglion cell types. We
have begun to gather such information
by partially reconstructing a group of ad-
jacent ganglion cells from 150 serial sec-
tions photographed with the electron mi-
croscope. The series encompassed a
block of tissue (about 15 by 150 by 200
um) taken from within 1° to 2° of the area
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centralis (5). The photographed region
contained major portions (60 percent or
more) of the cell bodies of 20 ganglion
cells. Each soma was reconstructed (6),
and its flat-mount diameter and surface
area were estimated (7). For 14 cells we
reconstructed as much of the dendritic
tree and associated synaptic contacts (6)
as was present in the series. Enough de-
tail was obtained to match each cell with
one of the five classes established by
light microscopy and to suggest that each
class may have a distinctive pattern of
synaptic contacts.

The 20 reconstructed somas formed
three distinct size classes (Table 1). Two
large (a) neurons (10 percent of the
sample) had flat-mount diameters of at
least 25 and 31 um and soma surface
areas of at least 1600 um?. Seven medi-
um-sized (B8) neurons (35 percent of the
sample) had flat-mount diameters of 15
to 19 um and surface areas of 931to 1117
pum?. Eleven small (y) neurons (55 per-
cent of the sample) had flat-mount diam-
eters of 6 to 12 um and surface areas of
123 to 564 wm®. The cell volumes also
sorted into the same distinct groups. The

idea that, within a particular retinal re-
gion, the size distribution of ganglion cell
somas is trimodal seems well supported
by these findings, although, on the basis
of the sample size, we would not insist
that the groups do not overlap.

The dendrites of the « cells (Fig. 1A)
were stout with pale cytoplasm and
meandered through the IPL without ma-
jor bifurcation. In contrast, the dendrites
of the B cells (Fig. 1B) had dark cyto-
plasm and branched repeatedly within
the reconstructed region. (The associa-
tion of dark dendritic cytoplasm with 8
cells and pale dendritic cytoplasm with
a cells was observed in several addition-
al retinas.) For each of the five g8 cells,
the dendritic tree could be traced to ter-
tiary and, in some cases, quaternary,
branches. The processes of the y cells
(Fig. 1C) were not so easily character-
ized; several gave rise to fine dendrites
that traveled some distance without
branching, while others gave rise to a
major stalk that subdivided almost im-
mediately. These variations were not
surprising, since Boycott and Wassle (/)
and Cajal (8) have described the small

s e

2

Fig. 1. Reconstructions of 14 ganglion cells from electron micrographs of 150 serial sections.
Sublaminae a and b of the IPL are indicated by arrows. Black dots represent synaptic contacts.
Cross-hatching indicates portion of cell missing from the series.
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cells as a rather heterogeneous group.

Differences between cells in the lami-
nar distribution of their dendrites were
recognizable in the reconstructions and
could be used to further subdivide the
cells. Thus the « cell on the left in Fig.
1A sent its primary dendrite directly to
the outer third of the IPL, whereas the a
cell on the right maintained its dendrites
over a comparable distance in the inner
third of the IPL. Similarly, two B cells
each had a single stout primary dendrite
that reached sublamina a before sub-
dividing into tertiary or quaternary
branches, whereas three other B cells
confined most of their dendritic branches
to the middle third of the IPL. Dendrites
of v cells branched only in the inner and
middle thirds of the IPL. However, Kolb
(9) reconstructed what appears to be a y
cell with its major arborization in the
outer third of the IPL.

The distribution of synaptic contacts
was characteristic for the « and B cell
classes and was matched to their major
patterns of dendritic arborization (Fig. 1,
A and B). For example, the « cell on the
left in Fig. 1A had no contacts on its
soma or the proximal portion of its den-
drite, but received numerous contacts
once the dendrite reached the outer third
of the IPL. The other a cell received nu-
merous contacts proximally on all three
of its primary dendrites. Similarly, 8
cells had few contacts on their somas or
the proximal portions of their dendrites,
but when the dendrites reached the
height in the IPL at which subdivision
began in earnest, the number of synaptic
contacts increased sharply. The pattern
of synaptic contact on 7y cells was varied.
Several had substantial numbers of so-
matic contacts, whereas others, follow-
ing the pattern seen in « and B cells, had
few contacts on the soma or proximal
dendrites and relatively more contacts in
the regions of major branching.

Much of the information on a cell’s in-
trinsic properties (such as size, shape,
and pattern of branching) could pre-
viously be gathered only from neurons
stained in isolation. In our study, such
information was gathered from adjacent
cells. The reconstructed dendritic arbori-
zations were less complete than one is
used to from Golgi material, partly be-
cause the series spanned a thickness of
only 15 um (compared to 100 xm for a
typical Golgi section); therefore some
dendrites—particularly those of a cells—
extended out of the plane of the series
and were lost. However, the reconstruc-
tions were more complete than they seem.
Close to the area centralis, from which
the present series was taken, the dendritic
field diameters are actually quite small,
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the lower limit from Golgi observations
being only 20 um for B cells and 180 um
for a cells (/). The field diameters of
some of the reconstructed dendrites
were not so far from this: dendritic
field diameters of two reconstructed 8
cells reached 25 and 28 um, and that of
a reconstructed « cell reached 50 um.
Most encouraging, the reconstructions
provided more than enough detail for
recognizing, at the electron microscopic
level, soma sizes and the patterns and
laminar distributions of dendrites de-
scribed with light microscopy. The fact
that each of the reconstructed neurons
could be placed in one of the five major
categories of ganglion cells means that
the microdistribution of ganglion cells
can now be studied in a systematic
manner.

The greatest reward of the reconstruc-
tions was that they revealed the distribu-
tion of synaptic contacts on each cell. It
was surprising to find, for example, that
the @ and B cells had few contacts on
their somas and that the contacts on the
dendrites of a particular cell tended to be
restricted to the IPL sublamina in which
its major arborization was contained.
The distribution of synaptic contacts
seems to be specific for each class, sup-
porting the overall classification scheme.
These findings also support and extend
similar work by Kolb (9).

The next tasks are to identify the
sources of the synaptic contacts by trac-
ing them through a series of sections
back to their cells of origin, to identify
the transmitter chemistry of these pre-
synaptic elements, and to analyze the
cable properties of the ganglion cells and
their inputs in order to understand the ef-
fects of the different soma surface areas
and dendritic geometries. Contributions
toward these ends made with the recon-
struction approach are presented else-
where (/0).

JoHN K. STEVENS*
Department of Physiology,
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Medicine, Philadelphia 19104
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Reduction of the Isoproterenol-Induced Alterations in

Cardiac Adenine Nucleotides and Morphology by Ribose

Abstract. Continuous intravenous infusion of ribose (200 milligrams per kilogram
per hour) for 24 hours induced a marked stimulation of cardiac adenine nucleotide
biosynthesis in unanesthetized and unrestrained rats that had been treated with
isoproterenol subcutaneously (25 milligrams per kilogram). The diminution of ade-
nine nucleotides characteristic for the action of high doses of isoproterenol was en-
tirely prevented, and the incidence of the isoproterenol-induced myocardial cell dam-
age was significantly reduced when ribose was administered. These results support
the view that depletion of adenine nucleotides is involved in the development of car-

diac necrosis.

Isoproterenol, a synthetic catechol-
amine, is well known for its pronounced
positive inotropic effect mediated by an
increased transmembrane Ca?*-influx in-
to the myocardial cell (/, 2). Because of
an excessive consumption of adenosine
triphosphate (ATP), the cardiac adenine
nucleotide pool becomes diminished un-
der these conditions (/, 3). It is this ATP
decrease that has been considered re-
sponsible for the development of myo-
cardial cell lesions (3) occurring after ap-
plication of high doses of isoproterenol

in rats @). Various attempts have been
made to prevent or reduce the isopro-
terenol-induced cardiac cell damage, in-
cluding administration of high potassium
and low sodium diets (5), application of
B-receptor-blocking agents (6), and treat-
ment with calcium-antagonistic com-
pounds and calcitonin, and acidification
(3). These interventions tend to attenuate
the positive inotropic effect of isoproter-
enol and to prevent the diminution of
cardiac ATP, thus maintaining the struc-
tural integrity of the myocardium.

Table 1. Concentrations of ATP and of adenine nucleotides (AN; sum of ATP, ADP, AMP) and
rates of AN biosynthesis in the myocardium of rats under control conditions and 24 hours after
subcutaneous application of isoproterenol (25 mg/kg), with constant intravenous infusion of
either 0.9 percent NaCl or ribose (200 mg/kg per hour) for 24 hours. Results are given as mean
values =+ the standard error of the mean; the numbers in parentheses indicate the number of

experiments.
I _ AN change after Biosynthesis
tsoprol ATP AN isoproterenol of AN
sg’qo (nmole/g) (nmole/g) (nmole/g per (nmole/g per
addition 24 hours) 24 hours)
None 4470 + 84 (34) 5893 + 103 (34) 6.0 = 0.7(25)
NacCl 3167 = 62%(9) 4190 = 84*(9) -1703 22.5 = 3.7%(4)
Ribose 4565 + 292 (6) 6047 = 208 (6) 80.1 = 11.1%(8)
*P < .005 compared with the control values
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