metabolites. Our estimates of B,y included

model correction for brain as well as plasma

metabolites, with calculated values found to

be similar to measurements by high-per-

formance liquid chromatography (3, 7).

When '®F-labeled NMSP was used in ro-

dents (9), concentrations of metabolites in

the caudate nucleus and cerebellum were

quite small. In the same study the unchang-

ing striatal radioligand mass over time sug-

gested similar inferences about low concen-

trations of [''C]NMSP metabolites in brain.

Administering double or multiple injec-

tions of low and much higher (blocking)

doses of neuroleptic drugs makes it possible

to measure absolute receptor density (Bmax)-

The slope of the line relating the caudate-

cerebellar ratio to time is useful as a prelimi-

nary index for the generation of hypotheses,

especially in low receptor density states. To

collaborate this, we note that according to

our absolute density measurements, aged

normal subjects over 58 years of age have

Brax values which are approximately half

that of young normal subjects (7). This is

compatible with our results with Ca/Cb
slope (2).
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Effects of Growth Hormone—Releasing Factor in the

Brain

HE ABILITY OF GROWTH HOR-

mone-—releasing factor (GRF) direct-

ly to stimulate release of pituitary
growth hormone (GH) is now well estab-
lished (I). Intravenous (2), subcutaneous,
and intranasal (3) routes of administration
are known to be effective. The report by
Tannenbaum (4) on the effects of intracere-
broventricular administration of GRF on
plasma GH and glucose concentrations and
behavior is presented as evidence that this
neuropeptide might have direct effects with-
in the central nervous system, these being
the inhibition of pituitary GH secretion,
presumably by a GRF negative feedback
effect on GREF itself, and the stimulation of
behavioral activity. Our own observations of
the effects of intracerebroventricular admin-
istration of GRF in rats are not consistent
with those of Tannenbaum. Indeed, they
support the argument that GRF, at the
doses used, stimulates GH secretion and
inhibits behavioral activity.

We have reached these conclusions using
experimental models that are identical or
similar to those used by Tannenbaum (4).
They can be summarized as follows: approx-
imately 2 weeks before experimentation, rats
were surgically prepared with stainless steel
guide cannulas aimed at the lateral cerebral
ventrical. In addition, some animals were
prepared with stainless steel recording elec-
trodes in the calvarium over the sensory-
motor and occipital cortices (5). Other ani-
mals were prepared with intravenous cathe-
ters in the right external jugular vein (6).
The rats were then adapted to individual
isolation recording chambers. Intracerebro-
ventricular injections of 10 pg of human
GRF (1-44)NH, (7) in saline or of saline
alone were given over 30 seconds with a
Hamilton syringe. To monitor the effects of
GRF on plasma GH concentrations, an ini-
tial blood sample was drawn at 1000 hours,
followed by the intracerebroventricular in-
jection. Sequential blood samples were then
drawn at 30-minute intervals for the next 6
hours. To monitor the effects on levels of
arousal, electroencephalogram (EEG) and
behavioral recordings were made before,

during, and up to 120 minutes after the
injections of saline or GRF. EEG analysis
was made by (i) calculating the Fourier
transform of 4-second continuous epochs
from 0 to 127.75 Hz in Y4 Hz increments,
(i1) determining the power spectra of the
epochs, (iii) further compressing the data to
six frequency bands, and (iv) calculating the
mean power density (8). Behavioral analysis
was made by measuring locomotor activity
during the normally active (nocturnal) peri-
od. Recordings were made in cages with
two infrared photocell beams. Activity was
quantified by totaling photocell beam inter-
ruptions for 5-minute epochs for 4 hours
after the intracerebroventricular injection.
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Fig. 1. Effect of intracerebroventricular adminis-
tration of GRF (10 pg) or saline on GH secretion
in conscious, freely moving male rats. The neuro-
peptide caused a significant increase (P < 0.01) in
plasma GH concentration 30 minutes after ad-
ministration. Each data point represents the mean
for eight animals. Vertical lines represent the

_standard error of the means. GH concentrations

are expressed in units of the NIH reference prepa-

“ ration GH-RP-2. As we used it, the preparation

was ten times more potent than the reference
preparation used by Tannenbaum (4). When cor-
rections for this factor are made, the GH concen-
trations in the two studies are seen to be virtually
identical.
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Fig. 2. Mean locomotor responses in rats receiv-
ing an intracerebroventricular injection of GRF
(10 ug) or saline. Locomotion was measured by
counting the number of photocell beam interrup-
tions over sequential 5-minute periods for a total
of 4 hours. GRF administration caused a signifi-
cant decrease (P < 0.05) in locomotor activity.
Bars represent the means of 15 animals. Vertical
lines represent the standard error of the means.

The intracerebroventricular administra-
tion of 10 ug of GRF resulted in a signifi-
cant increase (P < 0.01) in circulating plas-
ma GH concentrations 30 minutes after
injection (Fig. 1). In addition, neither GRF
nor saline altered the 3-hour pulsatile pat-
tern of spontancous GH secretion. EEG
recordings indicated that the time to onset
of slow wave sleep was significantly less
(P < 0.05) in the GRF-treated rats (9 £ 1
minute) than in the saline-treated ones
(15 + 2 minutes). Similarly, the amount of
time spent in slow wave sleep was signifi-
cantly greater in the GRF-treated rats
(24 £ 4% versus 13 + 4%, P < 0.05). In-
tracerebroventricular GRF also significantly
decreased (P < 0.05) mean locomotor ac-
tivity (Fig. 2).

Our results demonstrate that administra-
ton of GRF in the lateral ventricles of the
brain increases plasma GH concentrations
and does not alter the normal pulsatile pat-
tern of GH secretion. This neuropeptide
also clearly increases slow wave sleep and
decreases locomotor activity, which indi-
cates a decrease in the arousal state, consist-
ent with findings in humans and several
animal species in which GH release is associ-
ated with sleep (9). Our observations are
consistent with the preliminary observations
of Katakami and Frohman (10) and
McCann et al. (11). These investigators re-
ported that large intracerebroventricular
doses of GRF caused a significant increase in
plasma GH concentrations. The former
group also reported that very low doses of
GRF (0.01 pg) caused a decrease in plasma
GH concentrations.

Clinical descriptions of the comportment
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of acromegalics by physicians are also con-
sistent with our findings of decreased loco-
motion after administration of GRF (12).
One additional comment concerning the
dose of GRF holds true regardless of which
results are ultimately confirmed. Isolation of
rat GRF from the hypothalamus (13) indi-
cates that there is approximately 100 to 500
pg of GRF per hypothalamus. Thus, the
doses of GRF administered in the present
study and in Tannenbaum’s study () are on
the order of 10* to 10° times greater than
the total hypothalamic content. Although
one can argue that the amount of GRF that
actually reaches a particular neuronal site is
unknown, the dilution factor is probably not
on the order of 10* to 10°. We believe it is
unlikely that GRF regulates its own neuro-
secretion through an “ultrashort-loop” neg-
ative feedback mechanism, but suggestions
that GRF may have important neurotrans-
mitter or neuromodulator roles within the
brain are indeed open.
WiLLiamM B. WEHRENBERG*
Laboratories for Neuroendocrinology,
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Response: The discordance between the
results in my report (1) of the effects of
human (h) growth hormone-releasing fac-
tor (GRF) in the brain and the results of
Wehrenberg and Ehlers can be attributed to
the fact that our two laboratories were using
different preparations of hGRF. Indeed, the
observation of Wehrenberg and Ehlers that
a high dose of hGRF administered centrally
stimulates growth hormone (GH) release
had already reported by two other groups
).

It was precisely to resolve this discrepancy
in the literature that I undertook a critical
reexamination of the effects of intracerebro-
ventricular (icv) administration of a high
dose (10 pg) of GRF in the rat using both
the same GRF peptide employed in my
original study, designated hpGRF-44-NH,
(3), and the more physiologic rat (r) GRF
peptide (4). The findings indicated that,
while the putative h\GRF peptide continued
to cause a dramatic suppression of spontane-
ous GH secretion, consistent with what I
had reported, the icv injection of 10 pg of
tGRF produced an acute stimulation of
plasma GH (5), similar to that observed by
others who had used hGRF (2). Moreover,
rGRF icv did not alter glycemia or behavior
(5), in agreement with another report dem-
onstrating no significant effect of icv-admin-
istered rtGRF on locomotor activity (6).

These results led me to question whether
the peptide used in my original study was
similar to that used by the other groups.
Therefore, in collaboration with two other
laboratories (those of L. A. Frohman and
M. van der Rest), I undertook a detailed
chemical characterization of the preparation

Table 1. Amino acid composition of putative
hGREF peptide.

Putative
Amino  hGRE pGprpt  oCREt
acid pep-
tide*
Asp 4.3 4 4
Thr 2.0 1 2
Ser 2.9 4 3
Glu 6.5 7 7
Pro 2.1 0 2
Gly 0.6 3 0
Ala 4.0 5 4
Val 1.1 1 1
Met 0.5 1 1
Ile 1.9 2 2
Leu 7.8 5 8
Tyr 0.5 2 0
Phe 0.9 1 1
His 1.9 0 2
Lys 1.9 2 2
Arg 1.9 6 2
*Expressed as residues per 41 residues.  tResidues

per reference molecule (7, 8).
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