that glucose utilization in the deeper la-
minae of the superior colliculus are unal-
tered by unilateral enucleation (Table 2
and Fig. 1) are consistent with present
knowledge of the functional organization
of this structure.

The administration of apomorphine to
the unilaterally enucleated animals main-
tained in the dark increased glucose uti-
lization only in the superficial layer of
the superior colliculus to which the vi-
sual pathway remained intact (Table 2
and Fig. 1). In contrast, apomorphine
stimulated glucose utilization equally in
the deeper laminae of both superior col-
liculi, and the response was unaffected
by the unilateral enucleation (Table 2
and Fig. 1). Similarly, the alterations in
glucose utilization produced in nonvisual
structures of the CNS by apomorphine
administration were not influenced by
the unilateral enucleation.

Although various agents—particularly
dopamine, acetylcholine, and y-amino-
butyric acid—have been implicated as
possible neurotransmitters in the retina
(10), the complex synaptic organization
of this tissue has impeded the elucidation
of the rolé of each of these agents in the
receipt apd processing of visual informa-
tion. The ‘dopamine-containing amacrine
cells ramify extensively within the inner
plexiform layer and form complex syn-
aptic interconnections with both dopami-
nergic and nondopaminergic processes
). A dopamine-sensitive adenyl cyclase
has been characterized in retinal tissue in
vitro (5), and the biochemical pharma-
cological responsiveness of the dopami-
nergic‘system in the retina appears to be
similar to that of other regions of the
CNS (5). In contrast, the superﬁplal lay-
er of the superior colliculus has ‘extreme-
ly low concentrations of dopamine (/1),
and there is no evidence that it contains
dopaminergic receptor systems. Elec-
trophysiological examination of the ac-
tion of degamine in the refinal systems
has been limited, although it provides
some evidence that electrical activity in
the retina may be modified by dopamine
(12). The relation of the retinal dopami-
nergic system to visual stimuli is not
clearly understood, but the rate of syn-
thesis of the amine and its release from
the retina are known to depend on exper-
imental lighting conditions (/3).

We have demonstrated both under am-
bient laboratory lighting conditions and
in the dark that the administration of the
putative dopaminergic agonist apomor-
phine results in increased metabolic ac-
tivity in the superficial and deep layers of
the superior colliculus but not in other
primary visual structures in the CNS.
Removal of most of the retinal input to
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one side of the brain by unilateral enu-
cleation abolishes the effect of apomor-
phine only in the superficial layer of the
superior colliculus of the deafferentated
side without altering the metabolic ef-
fects of apomorphine in the deep layer
and elsewhere in the CNS. These results
point to the retina as the locus of the ac-
tion of apomorphine resulting in effects
in the superficial layer. They also suggest
that the retinal dopaminergic systems
function mainly in the retinal pathways
to the superior colliculus and not to other
primary v1sual areas.
James McCuLLocH*
HELEN E. SAvAKI
MaiLis C. McCuLLOCH*
Louis SOKOLOFF
Laboratory of Cerebral Metabolism,
National Institute of Mental Health,
Bethesda, Maryland 20205
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Placental Luteinizing Hormone—Releasing Factor

and Its Synthesis

Abstract. The synthesis of a placental luteinizing hormone-releasing factor
(pLRF), which is immunologically, physiochemically, and biologically indistin-
guishable from synthetic LRF, was demonstrated. The incorporation of *H-labeled
leucine by human placental tissue in vitro into pLRF was determined by purification
on carboxymethyl-cellulose and specific immunoprecipitation of the *H-labeled
PLRF. The specific activity of the pLRF released into the medium inci‘eased 100-fold
from day 1 to day 2 of culture and attained a concentration of 2.84 microcuries per
microgram. These data indicate that the pLRF that was released mmally was endog-
enous, wheyeas that released subsequently reﬂected synthesis.

Luteinizing hormone-releasing factor
(LRF) is a decapeptide synthe31zed and
stored in the hypothalamus It acts on
the pituitary gland to stimulate the syn-
thesis and release of Inteinizing hormone
(LH) and follicle-stimulating hormone
(FSH) (I). Recently we found immuno-
reactive LRF in human placenta by ra-
dioimmunogssay and immunofluores-
cence microscopy (2). The immuno-
fluorescence technique revealed that the
placental LRF (pLRF) was present in the
cytotrophoblast but not the syncytiotro-
phoblast of the placental villi. The radio-
immunoassay indicated that the concen-
tration of pLRF in human placentas var-
ied according to the duration of
pregnancy but not the sex of the fetus
(2). The enormous quantities of pLRF in

the placenta led us to suggest that the
placenta may be an extrahypothalamic
source of this factor during human preg-
nancy. This hypothesis is supported by a
study showing that when placental tissue
is cultured in vitro there is a 5- to 40-fold
net increase in the concentration of pLRF
in the culture medium after 4 days (3).

The studies described herein provide
direct evidence of the synthesis of pLRF
in vitro by the term placenta. Tritiated
leucine was incorporated by the human
placenta in vitro into a peptide biochemi-
cally, immunologically, and biologically
identical to LRF.

Human placentas were obtained im-
mediately after normal term deliveries.
Placental villi were dissected free of
membranes and maternal basal plate.
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The villous tissue was cut into fragments
of = 1 mm®. An average of 30 mg (net
weight) of tissue explant was used in
each culture dish. The tissue fragments
were placed on an organ culture grid so
that they touched the surface of the tis-
sue culture medium but were not im-
mersed in it. Each petri dish had 1 ml of
Medium 199 containing [*H]leucine (1
1 Ci/ml; specific activity, 115 Ci/mmole),
penicillin. and streptomycin (200 U of
each per milliliter), and fungizone (0.025
ug/ml). Five flasks were incubated at
37°C in humid chambers with an atmo-
sphere of 5 percent CO, and 95 percent
air. The media were changed daily for 8
days. All the samples were kept frozen at
—4°C until the hormone assays were
done. The media from each culture and
for each day of culture were analyzed for
pLRF (3), a- and 8-human chorionic go-
nadotropin (hCG) ¢), and human cho-
rionic somatomammotropin (hCS) (5) by
specific radioimmunoassays.

The largest amount of pL.RF was re-
leased during day 1 of culture; release of
pLRF declined from days 2 to 5 and then
increased again on the last 3 days of cul-
ture (Fig. 1). The release of hCS declined

rapidly after day 1 and remained low
throughout the remaining culture period.
The release of both a- and 8-hCG was
similar to that for pLRF, but the increase
in a- and B-hCG during the last days of
culture lagged behind that of LRF by
about 1 day.

The synthesis of pLRF was demon-
strated by adding [®*H]leucine to the cul-
ture medium and observing its incorpo-
ration into a molecule immunologically,
physiochemically, and biologically in-
distinguishable from the releasing factor.
Portions of tissue culture media were
chromatographed on carboxymethyl
(CM)-cellulose as described previously
(2). The [*H]leucine eluted in the same
areas as hCS, the hCG’s, free leucine,
and a second peak in the LRF area (Fig.
2). Portions of the pLRF fractions con-
tained 90 percent of the immunoreactive
pLRF of the original culture medium.

The total amount of [*H]leucine in the
LREF fractions was calculated for each of
the five replicate cultures and averaged
for each day of culture. The percentage
of [®*H]leucine incorporated into pLRF
was constant during the first S days, then
it increased significantly on days 6 to 8

(Fig. 1). When compared to the immuno-
reactive pLRF released into the culture
medium, a similar pattern was noted
from days 2 to 8 and a constant specific
activity for pLRF released from days 2
to 8 was observed. These data demon-
strate that after day 1 of culture, the rate
of release reflected the rate of synthesis.
Using immunoprecipitation with a spe-
cific antiserum to LRF (UZ-2) (3), we
precipitated the pLRF in a portion of
‘each culture medium. The [*H]leucine in
the precipitated pLRF was determined,
and these values were converted to the
total amounts of 3H-labeled pLRF in
each culture medium sample. The specif-
ic activity of the labeled pLRF, which
was calculated by dividing the labeled
pLRF by the immunoreactive pLRF, in-
creased 100-fold from day 1 to day 2 and
attained a maximum constant specific
activity of 2.84 uCi per microgram of
pLRF thereafter. This suggests that the
pLREF released on the first day of culture
was predominantly endogenous and that
released thereafter was predominantly
newly synthesized pLRF. The calcu-
lations of the total amount of leucine (un-
labeled and tritiated) in the medium also
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Fig. 1 (left). The release of immunoreactive pLRF into the medium by pla-
cental explants (e--e) is compared with the incorporation of [*H]leucine
into pLRF (e—e) as determined by CM-cellulose chromatography.
Solid triangles indicate that the pLRF was less than or at the limit of

Fig. 2 (above). The elution

medium (lower graph) is compared with that of pure hCS, «- and 8-hCG,
hCG, leucine, and synthetic LRF (upper graph). The biologic activity of the
pLRF eluted in the indicated area was similar to that for synthetic LRF
(V/V,, ratio of elution volume to void volume).
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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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