normal stimulus to thirst, as is the dehy-
dration used in our experiments.

Our experiments do not indicate the
source of the endogenous angiotensin
blocked by P-113. However, since both
angiotensin (7) and its analogs (/5) in
plasma can cross portions of the blood-
brain barrier and gain access to dipso-
genic sites in the brain, we believe that
angiotensin from the plasma of the dehy-
drated rats crossed the blood-brain bar-
rier, and that this was the source of the
endogenous angiotensin blocked by the
intraventricular P-113. Consistent with
this hypothesis are the recent findings in
rats that 24-hour dehydration increases
the plasma concentration of angiotensin
2% times and that the individual in-
crements in plasma angiotensin correlate
positively with water intake (/6).

While it is clear that blocking endoge-
nously generated angiotensin attenuates
the thirst induced by water deprivation,
it is also evident that angiotensin recep-
tors blocked by P-113 cannot be the sole
regulators of thirst because most of the
rats receiving P-113 did finally begin to
drink; thus, other receptor mechanisms
are also involved.

RICHARD L. MALVIN
DAvibD Mouw
ARTHUR J. VANDER
Department of Physiology, University
of Michigan, Ann Arbor 48109
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Siamese Cats: Abnormal Responses of Retinal Ganglion Cells

Abstract. Comparison of optic tract recordings in Siamese and ordinary cats re-
veals that Siamese cats have a significantly lower percentage of Y-cells than of X-
cells. In addition, Siamese cats show depressed responses to a contrast-reversal
stimulus, a result that supports the lower spatial contrast sensitivity demonstrated
behaviorally by these animals. Both physiological findings suggest neurophysiologi-

cal anomalies in the Siamese retina.

It has been well documented that some
of the retinogeniculate fibers in the Sia-
mese cat’s visual pathway are misrouted
(/—4). Furthermore. the geniculocortical
pathway of these animals is also different
from that of ordinary cats (5-7), and this
aberrance may involve more than just the
lateral geniculate nucleus (LGN) and the
cortex (8).

The physiological consequences of ab-
normal projections in the central visual

Table 1. Relative frequency of X- and Y-units
in the optic tract of Siamese and ordinary
cats. Corrected x? = 19.38; P < .001.

Siamese Ordinary
Type of cat cat
units Per- Per-
cent cent
X-cells 125 92 57 68
On-center 85 43
Off-center 40 14
Y-cells 11 8 27 32
On-center 4 9
Off-center 7 18
Totals 136 100 84 100
150 -
100 -
o
o
[+
o
£
50
o 1 1 | 1 1 1 1

-1 o +1 +2 +3 +4 +5
Position (mm)

Fig. 1. Responses of optic tract fibers in Sia-
mese (@) and ordinary (o) cats to contrast. Av-
eraged maximum firing rate (impulses per sec-
ond) to an edge pattern turned on and off in
various positions across the receptive field.
Position 0 indicates the null position for X-
cells and the equal-response position for Y-
cells. Contrast of target, 82 percent; back-
ground luminance, 0.86 cd/m?; 1 mm = 4.3’
of arc.

pathways of Siamese cats include not on-
ly suppression of certain inputs (7) but
also the apparent loss of binocularity in
cortical neurons (6, 7, 9), in which binoc-
ular excitation is routinely demonstrated
in ordinary cats (/0). This latter finding
has been used to explain the apparent
lack of stereopsis (/1), as well as the exis-
tence of a convergent squint in Siamese
cats (6).

Siamese cats display depressed spatial
contrast sensitivity compared to that in
ordinary cats (/2), a phenomenon which
implies that the physiological character-
istics of neurons in the visual system of
these animals may be different in some
respects. Since certain properties of reti-
nal ganglion cells (for example, classifica-
tion as X- or Y-cells) may be related to
visual acuity (13, 14), we felt it important
to begin our studies at the retinal level.

We have been investigating the re-
sponses of the Siamese cat’s retinal gan-
glion cell, and now report observations
on 136 optic tract fibers obtained from
three Siamese cats and 84 optic tract fi-
bers obtained from three ordinary cats.
We have found that (i) the ratio of Y- to
X-cells in the Siamese cat is significantly
lower than that in ordinary cats; and (ii)
the response to contrast in Siamese
ganglion cells. as measured electro-
physiologically, is depressed.

Conventional techniques were used to
record extracellular action potentials
from optic tract fibers. A 3° bipartite field
whose contrast reversed every 0.5 sec-
ond was used to classify all of the cells
into X-and Y-types (/5). The same stimu-
lus configuration, electrodes, and record-
ing conditions were used in the experi-
ments on ordinary cats.

Table 1 shows the relative numbers of
X- and Y-cells in Siamese and normal
cats. Only 8 percent of the Siamese units
are classified as Y-type compared with 32
percent of ordinary cat units. This lower
percentage of Y-units is not specific to
either on- or off-center cells nor to nor-
mally routed or misrouted fibers (/6).
Furthermore, more than 90 percent of the
receptive fields encountered in these ex-
periments were located no more than 30°
from the area centralis for both breeds.
After determining the null position for the
bipartite field with respect to the recep-
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tive field center, the alternating stimu-
lus was moved by small increments
(1 mm = 4.3’ of arc) to either side of the
null position, and the responses were
measured. In Fig. 1, the maximum firing
rate is plotted as a function of eccentricity
from the null position. Lower firing rates
exhibited by Siamese units support the
behavioral findings of Blake and Antoi-
netti (/2) that Siamese cats exhibit re-
duced overall contrast sensitivity.

The decreased Y/X ratio we found is
not easily explained, but it conflicts with
the hypothesis that the ‘‘visual system of
the Siamese cat is composed pre-
dominantly of Y-cells’’ (12, p. 110). The
significance of this ratio and visual acuity
in Siamese and normal cats has not yet
been established, although several stud-
ies have suggested a possible relationship
between X-cell properties and visual
acuity in ordinary cats (I3, I4). Since
Siamese retinal ganglion cells reveal no
reduction in the percentage of X-cells,
compared with ordinary cats, the data
are consistent with an earlier finding (/1)
that ‘he two kinds of cats have similar
acuity. It is not clear, however, whether
the Y/X ratio can account for the lower
spatial contrast sensitivity found behav-
iorally in Siamese cats, or whether this
phenomenon is simply a function of the
lower firing rates exhibited by the Sia-
mese retinal ganglion cells in response to
contrast.

The lack of pigment in the retinal epi-
thelium in Siamese cats is well known
(17). Our results indicate that the retinal
neurophysiology of these animals may al-
so differ from that of ordinary cats. The
ultimate source of this difference prob-
ably lies distal to the ganglion cells.

Yuzo M. CHINO
MICHAEL S. SHANSKY
Division of Visual Science, Illinois
College of Optometry, Chicago 60616
D. 1. HAMASAKI
Bascom Palmer Eye Institute,
William L. McKnight Vision Research
Center, University of Miami,
Miami, Florida 33136
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Efflux of Cyclic Nucleotides from Rat Pineal: Release of Guanosine
3’, 5'-Monophosphate from Sympathetic Nerve Endings

Abstract. Potassium and norepinephrine stimulate the efflux of adenosine 3',5'-
monophosphate (cyclic AMP) and guanosine 3',5'-monophosphate (cyclic GMP)
from intact pineal glands. The postsynaptic B-adrenergic receptor mediates the ef-
Sflux of cyclic AMP. In contrast, the efflux of cyclic GMP requires calcium and intact
nerve endings. It appears that sympathetic nerve endings may release cyclic GMP

into the synaptic space.

Adenosine 3’,5’-monophosphate (cy-
clic AMP) has been shown to act intra-
cellularly as a second messenger in the
action of several hormones (/). In addi-
tion, the release of cyclic AMP into per-
fusates or culture media by a variety of
tissues (2) and cells (3), including brain
(4), has been described. Although extra-
cellular cyclic AMP plays an important
role in intercellular communication in
slime molds (5), its.roles in mammalian
systems have not been elucidated.

Guanosine 3’,5'-monophosphate (cy-
clic GMP) has been shown to increase in
response to neurotransmitters and de-
polarizing agents in several tissues (6),
including brain (7). It has been proposed
that cyclic GMP may act intracellularly
to elicit effects which oppose, or differ
from, those of cyclic AMP (8). Extra-
cellular cyclic GMP has been shown to
increase in plasma in response to norepi-
nephrine (9). Recently, Kapoor and
Krishna demonstrated the secretagogue-
stimulated elevation of both intracellular
and extracellular cyclic GMP in the exo-
crine pancreas (/0).

In the rat pineal gland, cyclic AMP
mediates the postsynaptic effects of the
neurotransmitter norepinephrine (/7).
The gland is innervated exclusively by
noradrenergic nerves whose cell bodies
lie in the superior cervical ganglia (12).
Stimulation of the B-adrenergic recep-
tors leads to the induction of serotonin
N-acetyltransferase and ultimately to the
synthesis and secretion of the hormone
melatonin (/7). In addition, norepineph-
rine and depolarizing agents increase the
concentration of cyclic GMP in the
pineal gland (/3). A major component of
the effect on cyclic GMP concentrations
depends on the presence of intact nerve
endings in the gland (/3). We therefore
examined the possibility that cyclic nu-
cleotides might be released by the rat
pineal, and, in particular, by the sympa-
thetic nerve endings which it contains.
Our results indicate that the efflux of
both cyclic nucleotides can be elicited
from intact glands. However, the release
of cyclic AMP differs from that of cyclic
GMP. Cyclic AMP appears to be re-
leased from postsynaptic sites on paren-
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