tase (Sigma). The release of phosphate
from p-nitrophenyl phosphate, due to the
antibody-conjugated alkaline phospha-
tase, was monitored spectrophotometri-
cally in a special reader (Microelisa
Auto-Reader, Dynatech) and was pro-
portional to TMV concentration in a log
linear manner for about two logs (< 2 ng
to > 200 ng).

The 2-5A used throughout this work
was a core preparation of the trimer
(A2'pS’A2'p5'A) (16). This 2-5A core
was checked by thin-layer chromatogra-
phy (polyethyleneimine plates developed
with 0.1M LiCl) along with reference 2-
SA samples (obtained from P-L Bio-
chemicals) treated with alkaline phos-
phatase to remove their 5'-triphosphate.
Phosphorylated 2-5A requires the calci-
um phosphate coprecipitation technique
to penetrate into animal cells (5), where-
as the 2-5A core penetrates if introduced
in a regular medium for cell growth (/0).
Since there was no such experience with
plant tissues, the 2-5A core in this series
of experiments was applied with the cal-
cium phosphate coprecipitation buffer
).

Because tobacco leaf disks do not con-
tain identical cells, and it is impossible to
control the number of cells in each disk
that are actually infected on initial inocu-
lation, the level of TMV multiplication
varied from one experiment to another.
Nevertheless, TMV multiplication was
invariably greatly inhibited in 2-5A-
treated leaf disks in a concentration-
dependent manner (Fig. 1). The kinetics
of TMV multiplication in the absence
and presence of 2-5A is shown in Fig. 2.
Usually, concentrations of 100 to 200 nM
2-5A were sufficient to cause near-total
inhibition. The 2-5A must be applied to
the tissue early in infection to obtain an
antiviral effect. A short treatment with 2-
SA at any time earlier than 6 hours after
inoculation was most effective, but
thereafter the antiviral effect gradually
diminished with time (Fig. 3).

The above results were corroborated
by infectivity tests. Homogenates of
buffer-treated and of 2-5A-treated disks
were applied to opposite halves of the
same Datura stramonium L. leaves, The
control half-leaves inoculated with buff-
er-treated disks developed 81 local le-
sions, whereas the half-leaves inoculated
with homogenates of disks treated with
200 nM 2-5A core developed only one
local lesion.

We assume that 2-5SA penetrates the
plant cells, in analogy to the animal
system. However, there is no indication
that this is indeed the case and the 2-5A
may exert its effect on plants by affecting
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cell membranes. The structure of the
AVF-induced polymerized ATP has not
yet been fully established, although
many indications, such as thin-layer
chroniatography and sensitivity of vari-
ous enzymes, point to a possible 2-5A
nature (/7). The biological activity of 2-
SA in plants suggests a role for this

compound in the plant’s resistance
mechanism.
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Oxytocin, Vasopressin, and Estrogen-Stimulated Neurophysin:

Daily Patterns of Concentration in Cerebrospinal Fluid

Abstract:. The concentrations of oxytocin, arginine vasopressin, and estrogen-
stimulated neurophysin in cerebrospinal fluid of monkeys showed a daily fluctuation
with high concentrations occurring during the light period. The patterns of oxytocin
and estrogen-stimulated neurophysin in the cerebrospinal fluid were not observed in
the plasma nor were they altered after the administration of a dose of estradiol that
increased concentrations of estrogen-stimulated neurophysin in plasma. The disas-
sociation between these cerebrospinal fluid and plasma patterns and values suggests
that the secretory activity of neurons that release estrogen-stimulated neurophysin
and oxytocin into the cerebrospinal fluid is controlled by mechanisms different from
those that control their release into the plasma.

Oxytocin and arginine vasopressin
(AVP) originate in neuron cell bodies in
the hypothalamus (I, 2). Projections
from these neurons extend to many areas
of the nervous system, including the
posterior pituitary, brainstem, hypothal-
amus, and spinal cord (3). Anatomical
and electrophysiological observations
suggest that these several projections
function independently (4). Our data

e N
(4] (o]

Oxytocin (uU/mt)
o

support this concept of independence by
demonstrating that the release of oxyto-
cin and its carrier protein estrogen-stim-
ulated neurophysin (ESN) into the cere-
brospinal fiuid (CSF) of rhesus monkeys
is not linked to the release of oxytocin
and ESN into plasma. We report here
that the concentration of oxytocin and
ESN in the CSF, continuously with-
drawn from unanesthetized rhesus mon-

Fig. 1. Patterns of
oxytocin and AVP
concentrations in the
CSF of five male rhe-
sus monkeys studied
during diurnal lighting
(LD 12:12). Samples
of CSF were collected
in 2-hour fractions.
Shaded areas indicate
the time of day when

AVP:
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keys (Macaca mulatta), fluctuates over
the course of the day in a highly orga-
nized pattern that is not observed in the
plasma. Stimulation of the peripheral
(plasma) release of ESN by administra-
tion of estradiol does not alter the pat-
tern or change the concentration of ESN
or oxytocin in the CSF. The concentra-
tion of AVP in the CSF also fluctuates
over the course of the day.

Hormones were continuously moni-
tored in partially restrained rhesus mon-
keys by measuring the amounts of hor-
mone in cisternal CSF and plasma (5).
The concentrations of AVP and oxytocin
described in Fig. 1 were measured in one
laboratory by means of a radioimmuno-
assay (6); the oxytocin and ESN de-
scribed in Figs. 2 and 3 were measured in
another laboratory by other radioimmu-
noassays (7, 8).

A daily rhythm characterized the con-
centration of oxytocin in the CSF (Figs.
1, 2, and 3B), with the daytime values
being 3- to 12-fold higher than the night-
time values. Values were lowest in the
middle of the dark period, increased
sharply so that peak concentrations oc-
curred early in the light period, and
declined gradually until middarkness.
The pattern and the magnitude of change
of oxytocin were characteristic for each
animal, and did not vary during the peri-
ods of observation. In one of the 14
animals studied, oxytocin was not mea-
surable in CSF or plasma. The 24-hour
mean oxytocin concentration for the five
animals in Fig. 1 was 7.6 pnU/ml (range

5.2 to 10.2). When oxytocin was mea-
sured in another set of similarly obtained
samples of CSF by a different radio-
immunoassay (7, 8), the pattern of
changes in concentration was the same;
the 24-hour mean oxytocin concentra-
tion was 7.1 wU/ml (range 5.6 t0 9.3) (not
illustrated).

Like oxytocin, AVP concentrations in
the CSF of the rhesus monkey exhibited
a daily rhythm, with daytime values ap-
proximately twofold higher than night-
time values (Fig. 1). This is similar, but
smaller, than the daily rhythm recently
described in the cisternal fluid of the cat
(9). The 24-hour mean concentration for
the five animals in Fig. 1 for AVP was
1.3 pU/ml (range 0.9 to 1.4).

In four additional animals, samples of
CSF and plasma were obtained over the
same 24-hour period. A daily rhythm in
the CSF concentration of oxytocin was
again observed, with the time courses
identical to those described in Fig. 1 (see
Fig. 2); no daily rhythm was apparent for
the 24-hour pattern of plasma oxytocin.
The CSF concentration of ESN also var-
ied over the 24-hour day, with high con-
centrations occurring during the daytime
and low concentrations at night. Howev-
er, the magnitude of the variation was
less than that for oxytocin and a diurnal
rhythm was not invariably present. In
some animals the curve describing the
time course of the daily ESN fluctuation
appeared to be shifted to the right, with
the high and low concentrations occur-
ring several hours after the correspond-
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ing high and low concentrations of CSF
oxytocin [for individual animals in Fig. 2
(not illustrated) and Fig. 3B]. Mean data
showed a similarity of peaks, with ESN
having a broader curve (Fig. 2). Plasma
ESN concentrations did not systemati-
cally vary over the 24-hour day, and they
did not correspond to the simultaneously
obtained CSF values (Fig. 2). In Fig. 2,
when CSF and plasma samples were
obtained simultaneously, the mean con-
centrations of oxytocin, in microunits
per milliliter, in CSF and plasma were
10.0 (range 5.8 to 18.6) and 1.3 (range 1.0
to 2.4), respectively; the mean concen-
trations of ESN, in nanograms per milli-
liter, in the CSF and plasma samples
were 3.6 (range 2.2t0 5.3) and 1.9 (1.5 to
2.8), respectively. The mean ratio of the
CSF concentration to the plasma con-
centration was 8.0 (range 3.2 to 19.0) for
oxytocin and is 1.9 (range 0.8 to 3.2) for
ESN (Fig. 2).

Administration of estradiol benzoate
(330 ng in sesame oil, subcutaneously)
dramatically increased the plasma con-
centration of ESN for at least 4 to 5
days (10) (Fig. 3A), but did not systemat-
ically alter the concentration or pattern
of change in CSF oxytocin and ESN
levels, or plasma oxytocin (Fig. 3, A and
B).

Most of the oxytocin, AVP, and ESN
present in CSF (//, 12) appears to origi-
nate from the central nervous system
rather than from blood, since large intra-
venous infusions of AVP, oxytocin, or
neurophysin do not increase CSF con-
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Fig. 2 (left). Patterns of oxytocin and ESN concentrations in the CSF and plasma of male rhesus monkeys (N = 4), Samples were obtained over a
24-hour period during diurnal lighting (LD 12:12). The CSF and plasma were collected over the same 24-hour period for each animal. The CSF
was collected as 2-hour fractions; plasma was collected at the times indicated. Results are plotted as the percentage change from the daily mean
(base line) concentration during the 24-hour day, with each point representing the mean of four samples + standard error (see text for mean

concentrations).

Fig. 3 (right). (A) Patterns of plasma oxytocin and ESN concentrations in a representative male rhesus monkey that received

estradiol benzoate (330 g in sesame oil) (arrow). Plasma was obtained at the times indicated. (B) Patterns of oxytocin and ESN concentrations in
the CSF of the male rhesus monkey described in (A). The arrow indicates the time of administration of estradiol benzoate (E,). The CSF was col-

lected in 2-hour fractions.
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centrations (/3). While one or more of
these compounds may originate from the
pituitary and travel back to the brain and
to the CSF via retrograde vascular trans-
port or hypothalamic tanycytes, as has
been suggested for other pituitary hor-
mones (I4), the dissociation between
oxytocin and ESN concentrations in
plasma and CSF does not support this
mechanism (Figs. 2 and 3). It seems
more likely that these peptides reach the
CSF either by diffusion from the central
nervous system extracellular space or by
direct secretion into the ventricles (12).

Hypothalamic efferent neuronal pro-
jections containing oxytocin, AVP, and
their neurophysins extend to many areas
of the central nervous system, including
the walls of the third ventricle, the limbic
brain, the brainstem, and the spinal cord
(3). These axonal projections appear to
be derived from neurons different from
those that project to the posterior pitu-
itary (4). One would suspect, therefore,
that the release of oxytocin and AVP by
the hypothalamic neurons into the blood
or into different portions of the brain
would vary, depending on the activity of
the projecting neurons.

Until the present study only limited
evidence has supported the view that
neurons containing oxytocin act inde-
pendently of one another. Using quanti-
tative immunohistologic and radio-
immunoassay techniques Rhodes et al.
(15) and George (16) showed that estro-
gen treatment and water deprivation, re-
spectively, altered the oxytocin content
of some hypothalmic nuclei and not oth-
ers. The results of the experiment de-
scribed here suggest that the mecha-
nisms controlling the release of oxytocin
and ESN into blood differ from the
mechanisms, and probably the neurons,
controlling ESN and oxytocin release
into CSF.

Oxytocin and its carrier protein ESN
are present in a set of neurons distinct
from those of AVP and its carrier protein
nicotine-stimulated neurophysin (NSN)
(17, 18). It is currently thought that ESN
and NSN are released with their corre-
sponding peptides (/9). For this reason it
is difficult to explain the lack of parallel-
ism between oxytocin and ESN concen-
trations in either the CSF or the plasma
in the monkey, and the delay in timing of
the CSF-ESN curve with respect to the
CSF oxytocin curve. These incongruities
may result from differences in the half-
lives of the small peptide oxytocin and
the larger ESN, or may be due to the
same process that permits oxytocin and
ESN to be secreted into the plasma in
less than equivalent molar amounts (8,
18).
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The apparent separate control of oxy-
tocin and ESN secretion into CSF com-
pared to secretion into peripheral blood
strengthens the concept that the posteri-
or pituitary hormones have a function in
the brain distinct from their better
known peripheral effects (I, 2, 20, 21).
Our results also support the notion that
the CSF may function as a neuroendo-
crine conduit, transporting some peptide
hormones made in one brain region to
sites of action in distant brain areas (22).
In the present study we demonstrate in a
primate that both AVP and oxytocin
concentrations in the CSF change over
the course of the day.
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