
triplet a t  amino acid position 237 and an 
amber codon a t  amino acid position 249; 
the N S  gene of AlBerklll68 virus termi- 
nates NS 1 with an ochre triplet (UAA) at  
position 220 followed by a UGA triplet 
17 amino acids downstream (2). Thus, 
these two viruses may be conveniently 
used for the analysis of opal and ochre 
suppressor activity, respectively. Final- 
ly, the analysis system described here 
may not only be useful for measuring 
nonsense suppressor activity in cells 
transformed by genetic engineering tech- 
niques, but also for detecting suppressor 
activity in eukaryotic cells containing 
natural nonsense suppressor tRNA's (7). 
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Corticotropin Releasing Factor Decreases Postburst 

Hyperpolarizations and Excites Hippocampal Neurons 

Abstract. Corticotropin releasing factor in concentrations of 15 to 250 nanomoles 
per liter increased the spontaneous discharge frequency and decreased the size of 
hyperpolarizations after burst discharges in CAI and CA3 pyramidal neurons of rat 
hippocampal slices. Concentrations greater than 250 nanomoles per liter also 
depolarized the cells. These excitatory actions of corticotropin releasing factor may 
involve a novel calcium-dependent process. 

Endogenous hypothalamic factors ca- 
pable of releasing adrenocorticotropic 
hormone (ACTH) and p-endorphin from 
the pituitary have been recognized for 
some time (1). However, only recently 
has a corticotropin releasing factor 
(CRF) been purified, sequenced, and 
synthesized (2). Synthetic CRF releases 
ACTH and p-endorphin from the pitu- 

itary and, when centrally administered, 
activates the sympathetic nervous sys- 
tem (3), suggesting that CRF may be a 
key hormone in mobilizing the organism 
under stress (2). This view is supported 
by the recent findings that centrally ad- 
ministered CRF causes hyperactivity 
and arousal in rats (4) and that CRF 
immunoreactivity is seen in cell bodies 

A Control CRF Recovery 

B 
Control .  CRF 0 .25  UM Recovery 

Fig. 1. Effects of CRF on spontaneous spikes and transmembrane properties of pyramidal 
neurons. (A) Dose-dependent increases in firing and reductions of postburst afterhyperpolariza- 
tions by CRF in a CA3 neuron. Spontaneous large spikes followed by afterhyperpolarizations 
are actually bursts of multiple spikes that appear as single attenuated spikes because of the slow 
speed and rise time of the chart recorder. Arrows indicate representative bursts displayed at 
faster speed (insets). Dotted lines represent the baseline potentials in each condition. The spike 
firing rate increases at all CRF concentrations. (B) Oscillographs from a CAI neuron: 0.25 F M  
CRF increases the spike discharge rate and slightly depolarizes (about 3 mV) this cell. There is 
an apparent increase in the rate and size of activity subthreshold for somatic spike generation 
(excitatory postsynaptic potentials or dendritic spikes). Horizontal calibration bars are 20 
seconds in (A), 0.8 second in the insets, and 2 seconds in (B). All CRF records were obtained 
within 2 to 5 minutes of control records; recovery records were taken at 10 to 40 minutes after 
CRF washout. 
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and fibers of the rat and sheep limbic 
systems (5, 6). Reasoning that endoge- 
nous CRF might have a neuromessenger 
role in brain, we tested the effects of 
CRF on electrical properties of pyrami- 
dal neurons in the hippocampal slice 
preparation. We now report that nano- 
molar concentrations of CRF increase 
the spontaneous discharge of these neu- 
rons and decrease the afterhyperpolari- 
zations that follow bursts or trains of 
action potentials; greater concentrations 
of CRF also depolarize these neurons 
(7). 

Rat hippocampal slices, prepared as 
described (a), were completely sub- 
merged and continuously superfused in 
warm, gassed, artificial cerebrospinal 
fluid (ACSF). After stable penetration 
(8) of a pyramidal neuron with a micropi- 
pette (100 to 200 megohms) containing 
potassium acetate, the perfusate was 
switched, without interruption of flow, 
from ACSF alone to ACSF containing 
CRF. Suverfusion with CRF for 5 to  20 
minutes was followed by washout with 
ACSF. All of the effects of CRF were 
reversible. 

We tested CRF on 25 pyramidal cells 

(60 CRF trials). At concentrations of 60 
nM or greater, CRF increased the fre- 
quency of action potential discharge in 
both CAI and CA3 pyramidal neurons in 
a concentration-dependent manner (Fig. 
1). At CRF concentrations of 15 to 250 
nM, changes in membrane potential 
were not evident, but concentrations of 
250 to 1000 n M  depolarized these cells 
by 3 to 30 mV (Fig. 1). However, in all 
experiments, CRF at 15 to 500 n M  de- 
creased the afterhyperpolarizations that 
follow spontaneous bursts of spikes 
(CA3) or spike trains (CAI and CA3) 
evoked by depolarizing current pulses 
injected through the recording pipette 
(Figs. 1 and 2). All CRF effects were 
accompanied by a small increase in input 
resistance, as  assessed from current- 
voltage curves generated by intracellular 
current injection (data not shown). When 
CRF was deamidated at  the carboxyl 
terminal, it was inactive in release stud- 
ies (2) and had no effect on three pyrami- 
dal cells a t  0.2 to 0.5 CLM. 

~ f t e r h ~ ~ e r ~ o l a r i z a t i o n s  in hippocam- 
pal pyramidal cells are probably generat- 
ed by a potassium conductance that de- 
pends on calcium influx during repetitive 

Recovery 

......... 

B 
TTX 

....... . . .  ... . . . . .  

TTX+CRF TTX 

0.5 uM CRF UL- I ....... - -62 A mV 

Fig. 2. Effect of CRF on current-evoked bursts of action potentials and associated afterhyperpo- 
larizations. (A) In a CAI neuron, 0.5 pM CRF reduces the afterhyperpolarizations that follow 
trains of spikes generated by passing depolarizing current pulses of three different intensities 
through an active bridge circuit and the recording electrode. There is complete loss of late 
components of the afterhyperpolarizations during CRF, in spite of the greater number of spikes 
generated by equivalent current strengths. CRF also increases spontaneous firing and depolar- 
izes the cell (indicated by the values of membrane potentials at the end of each trace). (B) Effect 
of CRF in the presence of tetrodotoxin (TTX; 100 nM): CAI neuron. Tetrodotoxin alone 
abolishes the early fast action potentials, leaving a slower, calcium spike. CRF (400 nM) added 
to the tetrodotoxin solution then nearly abolishes the afterhyperpolarization (arrows), but did 
not significantly alter the CaZ+ spike. Recovery is shown on the right. V, voltage trace; I, 
current trace. Current pulse, 0.2 nA; calibration bars, 10 mV and 0.2 second. 

discharge (9, lo),  a mechanism similar to 
that detailed for invertebrate neurons 
(11). Therefore, CRF may alter the after- 
hyperpolarization through reduction ei- 
ther of the inward calcium current or the 
outward potassium current. To  evaluate 
these possibilities, we superfused 100 
n M  tetrodotoxin to block the sodium 
component of the spikes; current injec- 
tion then elicited only slow humplike 
spikes, considered to be calcium spikes 
(9, 10). Afterhyperpolarizations oc- 
curred when calcium spikes were elicit- 
ed, but not after subthreshold depolar- 
izations. During superfusion with tetro- 
dotoxin, CRF again decreased the after- 
hyperpolarization (Fig. 2), whereas the 
size of the calcium spikes was unaltered 
or increased. We interpret this finding as  
evidence for a CRF antagonism of the 
afterhyperpolarization by a mechanism 
secondary to calcium influx, perhaps by 
a direct antagonism of the potassium 
current o r  of some intermediate linkage 
between the two conductances. 

In summary, we find that CRF in- 
creases the frequency of discharge, re- 
duces the size of afterhyperpolarizations 
and, at greater concentrations, depolar- 
izes CAI and CA3 pyramidal neurons. 
The mechanism behind the increased 
discharge is unclear; remote effects such 
as  transsynaptic activation could con- 
tribute but may not fully explain this 
effect (10). At high CRF concentrations 
the increased firing could arise from 
membrane depolarization. At low con- 
centrations, depolarization was not de- 
tected, but remote dendritic depolariza- 
tions, undetected in the soma, could lead 
to increased firing by generation of den- 
dritic spikes. Alternatively, antagonism 
by CRF of the hyperpolarizations that 
follow spontaneous bursts of spikes, per- 
haps in dendrites (12), may result in 
increased firing by a type of intrinsic 
disinhibition. A similar action also might 
account for the CRF-induced depolariza- 
tions: if pyramidal cells at resting mem- 
brane potentials show a finite calcium- 
activated potassium conductance, antag- 
onism of this conductance could lead to 
depolarization. The small increase in in- 
put resistance seen during CRF is con- 
sistent with this speculation. 

The C R F  effects seen in the hippocam- 
pus appear to involve an unusual pattern 
of actions that could represent a new 
interneuronal signal in the central ner- 
vous system. Similar direct excitatory 
actions on cells in the hypothalamus or  
pituitary could provide a physiological 
basis for the reported release of neuro- 
peptides such as ACTH and p-endorphin 
by CRF (2). Although early immunohis- 
tochemical studies showed CRF immu- 
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noreactivity in cell bodies and fibers 
primarily in the hypothalamus ( 3 ,  recent 
studies reveal scattered CRF-positive 
cells in rat and sheep hippocampus (5,6).  
Radioimmunoassay also reveals CRF in 
the hippocampus (13). Furthermore, the 
subependymal location of CRF-positive 
fibers near the third ventricle (5) might 
release sufficient CRF into the cerebro- 
spinal fluid to activate hippocampal neu- 
rons. Indeed, central injection of as  little 
as 10 ng of CRF activates the hippocam- 
pal electroencephalogram (14). If endog- 
enous CRF is involved in activation of 
brain neurons for response to stress (2), 
the novel pattern of neuronal excitation 
seen in this study could provide the 
cellular basis. 

Note added in proof: A study in our 
laboratory indicates that CRF also has 
excitatory actions on locus ceruleus neu- 
rons in the rat in vivo (15). 
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Neuropeptide Y Distribution in the Rat Brain 

Abstract. A massive neuronal system was detected by immunocytochemistry and 
radioimmunoassay with antibodies to neuropeptide Y ,  the recently isolated peptide 
of the pancreatic polypeptide family. Immunoreactive cell bodies and jibers were 
most prevalent in cortical, limbic, and hypothalamic regions. Neuropeptide Y was 
extracted in concentrations higher than those of any other peptide hitherto discov- 
ered in the mammalian brain. Column chromatography of brain extracts and double 
immunostaining experiments indicate that neuropeptide Y is the endogenous brain 
peptide responsible for immunostaining of pancreatic polypeptide-like immunoreac- 
tivity in the mammalian brain. 

It has been thought for some time that 
a peptide chemically related to  the pan- 
creatic hormone pancreatic polypeptide 
(PP) is present in the mammalian central 
nervous system (CNS). Immunocyto- 
chemical studies with antisera to avian 
P P  (APP) (1-6) and bovine P P  (BPP) (7) 
have suggested a new and widespread 
PP-like immunoreactive neuronal sys- 
tem. However, no significant APP- or 

Table 1. Distribution of NPY-like immunore- 
activity in the rat brain. Values (means t 
standard errors; N = 6) are based on porcine 
NPY cross-reactivity. 

Immunoreac- 

Region tivity (picomoles 
per gram of wet 

tissue) 

BPP-like immunoreactivity has been 
found on radioimmunoassay, so the true 
nature of the PP-like immunoreactivity 
has remained unknown. Recently, a pep- 
tide consisting of 36 amino acid residues, 
neuropeptide Y (NPY), was isolated 
from extracts of porcine brain (8) by a 
novel method for detecting peptides hav- 
ing a COOH-terminal a-amide (9), a 
characteristic feature of many biological- 
ly active peptides (10). It shares major 
sequence homologies with the putative 
gut hormone peptide YY (PYY) (11-14) 
and with P P  (14, 15). NPY is, therefore, 
considered to be the latest member of the 
emerging P P  family (14). 

By raising antibodies to  NPY (16) that 
did not show significant cross-reactivity 
with PYY or  APP ( 1 3 ,  we have detected 
by immunocytochemistry (18) and radio- 

Olfactory bulb 82.2 * 4.2 i imunoassay  (19) a widespread NPY- 
Frontal cortex 
Parietal cortex 

178S 23.7 immunoreactive system in the rat brain 
183.6 2 30.2 

Occioital cortex 188.7 + 31.5 that strongly resembles the reported dis- 
preoptic hypothalamus 729.8 k 164.0 tribution of PP-like immunoreactivity. 
Periventricular 980.0 -t 162.0 Indeed. double immunostaining bv an - .  

hypothalamus elution technique (20) confirmed that 
Caudate 312.5 k 68.6 
Putamen 516.0 t 104.3 NPY and an APP-like immunoreactive 
Globus pallidus 311.2 t 47.6 material are located in the same cells. 
~ u c l e u ~  accumbens 891.4 t 80.9 Analysis of brain extracts by reverse- 
Septum 762.2 * 142.7 phase high-performance liquid chroma- 
Amygdala 
Thalamus 

714.7 ' 56.2 tography (HPLC) (21) showed NPY-like 103.4 2 20.9 
Hippocampus 205.2 31.6 immunoreactivity to elute in a position 
Periaqueductal gray 894.4 k 169.9 similar to that of pure NPY. NPY may, 

region 
Cerebellum 
Pons 

therefore, be the true v e ~ t i d e  of the PP * 

27.0 5.2 family in 'the rat brain. 
45.8 t 16.0 

A salient feature of the distribution of 
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