
1490 CIRCUITRY AND PATTERN GENERATION I1 FRIDAY 
AM 
\ 

595.5 
LOCAL INTERACTIONS OF DESCENDING INPUTS WITH RHYTHMICALLY 
ACTIVE NEURAL NETWORKS. M P Nusbaum. Neurobiology Resea rch  
C e n t e r  and  Dept .  o f  ~ h ~ s i b l . & ~ i o p h ~ s i c s ;  Univ.  of  Alabama, 
Birmingham; Birmingham, AL 35294. 

The p y l o r i c  and  g a s t r i c  m i l l  ne tworks  i n  t h e  c r u s t a c e a n  
s t o m a t o g a s t r i c  gan l i o n  (STG) a r e  i n f l u e n c e d  b y  descend ing  
modula to ry  i n p u t s  !&om a n t e r i o r  g a n g l i a .  These i n p u t s  e x t e n d  
axons f o r  l o n  d i s t a n c e s  t o  a r b o r i z e  i n  t h e  STG n e u r o p i l ,  
b u t  l i t t l e  is anown a b o u t  e v e n t s  o c c u r r i n g  l o c a l l y  i n  t h e s e  
STG a r b o r s .  I am t h e r e f o r e  r e c o r d i n g  i n t r a - a x o n a l l y ,  a t  t h e  
e n t r a n c e  t o  t h e  STG from descend ing  S t o m a t o g a s t r i c  Nerve 
kens (SNAXs) i n  t h e ' c r a b ,  Cancer  b o r e a l i s .  These  r e c o r d i n g s  
a r e  e l e c t r o t o n i c a l l y  c l o s e  t o  t h e  STG n e u r o p i l ,  e n a b l i n g  
r e c o r d i n  s o f  d i s c r e t e  PSPs t o  b e  made f r0m.a  SNAX. 

~ n d i v i s u a l  SNAXs a r e  i d e n t i f i a b l e  m s u c c e s s i v e  
p r e p a r a t i o n s  b a s e d  o n  t h e i r  i n t e r a c t i o n s  w i t h  STG t a r g e t s .  
Each SNAX t h L t  i n f l u e n c e d  t h e  STG ne tworks  was a l s o  found  
t o  r e c e i v e  l o c a l  s y n a p t i c  f eed-back  from t h e s e  ne tworks .  
This f e e d - b a c k  must  o c c u r  l o c a l l y ,  i n  t h e  STG n e u r o p i l ,  
s i n c e  it p e r s i s t e d  i n  t h e  i s o l a t e d  STG. A l l  r e c o r d e d  feed-  
back  was v i a  IPSPs and /o r  e l e c t r i c a l  c o u p l i n g .  

SNAX 1 f o r  exam l e  c a n  i n i t i a t e  o r  enhance t h e  y l o r i c  
and  gast ; ic  m i l l  riytlhs. T h i s  SNAX r e c e i v e d  s h o r t  f a t e n c y  
e l e c t r o t o n i c  EPSPs a n d  chemica l ly -med ia ted  IPSPs from 
g a s t r i c  m i l l  n e u r o n  LG. The p y l o r i c  ne twork  a l s o  a f f e c t e d  
SNAX 1. During p y l o r i c  o r  g a s t r i c  m i l l  rhythms,  t h i s  f e e d -  
back  imposed a rhy thmic  i n h i b i t i o n  o n  SNAX 1. T h i s  rhy thmic  
i n h i b i t i o n  was s u f f i c i e n t l y  s t r o n g  t o  s u p p r e s s  impul ses  i n  
a t o n i c a l l y  s t i m u l a t e d  SNAX 1, t h e r e b y  t r a n s f o r m i n g  its 
a c t i v i t y  from t o n i c  t o  rhy thmic .  These  r e s u l t s  s u g g e s t  t h a t  
endo enous  spon taneous  descend ing  a c t i v i t y  may a l s o  b e  
l o c a f l y  r eAonf igured .  

Suppor ted  b y  BNS-8909613 (NSF) a n d  NS29436 (NIH). 
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TWO POPULATIONS OF RHYTHMICALLY FIRING TRlGEMINAL 
COMMISSURAL INTERNEURONS STUDIED DURING FICTIVE 
MASTICATION IN THE ANAESTHETIZED RABBIT. J.P. LUND & R, 
DONGA. Cent. rech. sci, neurol. Univ. de Montrbal, MontrBal, CANADA, H3C 
3J7. 
In rabbits anaesthetlzed with urethane, paralyzed with gallamine triethiodide and 
artificially ventilated, we have previously shown that trigeminal (V) commissural 
last-order interneurons in the left V sensory nuclei and adjacent cell groups can 
be antidromically ~dentified by stimulating the right V motor nucleus (NVmot). 
When fictive mastication is induced by stimulation of the sensorimotor cortex 
(SMC) in this preparation, some of these interneurons fue rhythmically (Donga 
& Lnnd, J. Physiol. 423: 74P). We have now fowd that rhythmically firing 
interneurons (n=20) can be sub-divided into two distinct categories based on 
whether they received short-latency excitatory inputs (SLEIs) from the SMC 
(n=l l )  or not (n=9), using post stimulus time histogram analysis. Approximately 
equal numbers in both groups fired during the two main phases (jaw opening and 
jaw closing). 7 neurons in the SLEI category were only rhythmically active during 
stimulation of the contralateral SMC, 2 had ipsilateral SMC inputs only while the 
other 2 fued to stimulation of either SMC. The mean of the modal latencies to 
stimulation of the contralateral SMC was 8.3 ms (n=9) compared to 9.6 ms 
(n=4) for the ipsilateral SMC. It was concluded that rhythmical fuing of most 
SLEI interneurons resulted from phasic inhibition of tonic SLEIs by other parts 
of the masticatory central pattern generator (CPG). It also appears that the 
rhythmical fuing of neurons that did not receive SLEIs was due to phasic 
excitation from other CPG neurons. In some cases, phasic inhibition also 
occurred. Supported by the Canadian MRC. 
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A NEURAL NE?IWORK MODEL O F  CHEMOTAXIS IN S F  
NERVOUS SYSTEMS. $. R. Lockerv and T .  J. Seinowslu. Salk 
Institute, La Jolla, CA 92037. 

Some properties of neural circuits can be predicted b y  training a model 
network t o  reoroduce the activitv o f  input and output neurons in the 
biological neiwork. However, in most  systems, more is known about  
the animal's behavior than about  the activity o f  individqal n e p n s .  
Using chemotaxis as a model behavior, w e  m i n e d  neural networks in  
which the desired output was the movement o f  the animal. The gradient 
was a one-dimensional gaussian-shaped distribution o f  a n  amactant. 
The  network had two sensory units and two  motor units. The velocity 
and position o f  the animal were represented b t w o  additional units. 
Activation o f  the sensory units was d e t e r m i n d b y  the position of the 
animal. Sensory units were separated in space, allowing the animal t o  
compute the local gradient. Sensory units excited motor units which 
determined the animal's velocity up  o r  down the gradient. The position 
unit integrated the activity o f  the velocity unit. This network could be 
trained successfully using recurrent backpropagation t o  find and remain 
a t  the center o f  the gradient f rom arbitrary initial positions. T h e  model 
can be made  more  realistic b y  includmg interneurons and known 
c o ~ e c t i o n s .  Additional consmin t s  o n  the neural circuit should allow 
the model  t o  predict the contribution o f  real neurons t o  observed 
behaviors. 

COMMAND OF FEEDING IN APLYSIA: IMPLICATION OF A NETWORK OF 
IDENTIFIED INTERGANGLIONIC INTERNEURONS IN THE BUCCAI nhln - . ... " 
CEREBRAL GANGLIA. a. Rosen. K.R. Weiss and I. Kuofermann. Cntr. for 
Neurobiol. and Behav., NYS Psychiatric Inst., New York. NY 10032; Dept. of 
Physlol. and Biophys., Mount Sinal Sch. of Med., New York, NY 10023. 

Identified cerebral to buccal interneurons (CBls 1-4) can Initiate and regulate 
"feeding" motor programs. CBI-2, in particular, effectively drives a motor 
program that produces rhythmic, biting-like movements of the buccal mass, 
CBI-2 Is a phasic, command-like cell that fires in periodic bursts when 
stimulated with constant, intracellular current. Its phasing is due to feedback 
Inhibition and excitation generated by a buccal central pattern generator 
(CPG). CBI-2 acts both "permissively" and "instructively" since it: (a) produces 
a rhythmic, motor program even when phasic feedback is blocked and the cell 
fires tonically; and (b) drives salivary duct and lip (C11) motor neurons 
independent of CPG activity. In order to further elucidate CBI-2's functions 
we examined two lntergangiionic buccal neurons that are antiphasically activ$ 
in the program driven by CBI-2 and are monosynaptically connected to it. 817 
is a postsynaptic cell that receives powerful, slow excitatory input from CBI-2. 
017, In turn, produces direct PSPs in multiactlon Interneurons (B4,B5) and in 
buccal and cerebral motor neurons (B15,B16,C4,C5,Cll,C12). 817  itself 
drives a motor program. 5(6)-Carb~x~fluorescefn dye fills indicale tnat 817 
has bilateral axons In the buccal and cerebral ganglia and in buccal nerves 3. 
019 is a presynaptlc cell that evokes a complex, s h w  inhibitoly and excitatoly 
PSP in CBI-2. The PSP contributes to CBI-2 phasing across cycles of the 
program. 619 stimulation phase advances the CBI-'2 driven program. Blg 
also directly excites cerebral and buccal motor neurons (many of which are 
reciprocally driven by 817). 019 has a single, ipsilateral axon that projects to 
the cerebral ganglion. The data indicate that command-like functions for 
feeding involve intdrganglionic CPG neurons that exhibit feedforward and 
feedback connections. Many of the dynamic properties of the neural circuitry 
can be simulated by a simple computer model. 
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A NEURALLY-INSPIRED MODEL FOR TEMPORAL AND Sl'ATlAL 
I'ATI'ERN LEARNING. James L. Adams, Division of Neurobiology, 
Barrow Neurological Institute, 350 W. Thomas Road, Phoenix, AZ 85013. 

In this model, pairs of adjacent excifatory synapses, receiving randomly- 
assigned input, function as local processing units. A hypothetical neuron is 
divided into multiple spatialltemporal levels with multiple synaptic pails per 
level. During learning, a trigger event initiates a proccss which passes sequcn- 
tially from the cell body to the tips of tile dendrites. As the process p a s u  cach 
level, it records the ralios of the current input signal strengths at each synapllc 
pair on that level. After recording, whenever a given pair of synapses is 
presented with stimuli in the same ratio as during recording, lhal pair produca 
its maximum poslsynaptic effect. Other ratios yield lesser effects. Thresholding 
is applied at each neuronal level to reduce noise. 

Initial simulations tested the model with three neurons of 122 levels and 12 
synaptic pairs per level recording three simple musical pieces of up to 73 nolc, 
in length. After recording and while each piece was input numerically nolc hy 
note, the neuron which had recorded it responded continuously and v~gorousiy 
and the other two neurons remained nearly inactive. Each neuron also rwpond- 
ed lo the playing of a fragment of its recorded piece or to the playing of thc 
piece at a somewhat different rate. 

The model is non-Hebbian in thnt the reinforcement of individual synapscs 
does not depend upon, nor ntlect, the amount of overall posay11;tptic dcpolar- 
izalion of the cell. It also does not require that Ihc input bc higlliy ilctivc. Once 
recording is triggered, the process simply records the activation ratios of cacli 
synaptic pair. Several physiological, biochemical, and molecular biological 
mechanisms are envisioned which could perform the operations of this rnodcl. 

Supported by NIH grant ST32 07309. 
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SEROTONIN ENHANCES POSTINHIBITORY REBOUND IN 
OSCILLATOR INTERNEURONS OF THE LEECH SWIM CIRCUIT. E& 
Manean and W. Otto Friesen. Dept. of Biology, Univ. of Virginia, 
Charlottesville, VA 22901 

Application of minomolar concentrations of serotonin (5-HT) elicits 
recurrent swim episodes in isolated leech ventral nerve cords (Willard, J. 
Neurosci. 1936-944, 1981). Investigation haq shown that endogenous 5-HT 
induces or enhances postinhibitory rebound (PIR) in swim motor neumns 
(Fqesen et al in preparation). Motor neuron PIR occurs in two forms. in 
i n l u b i t o r ~ g  PIR is induced by 5-HT, is pmlonged, and is of low 
amplitude (c 5mV). In excitor cells, 5-HT enhances existing PIR which is 
higher amplitude (up to 10 mV) and occurs with a faster time course than 
inhibitor cell PIR. We report here that semtonin enhancement of PIR occurs 
also in oscillator intemeuroas 28, 208, and 115 of the leech swim circuit. 

We examined internenmns exposed either to normal saline or  saline with 
50 pM 5-HT. Cells were injeded with conslant, hyperpolarizing current (1 
s, -2.0 to -0.5 nA). PIR was monitored following release From inhibition. As 
in motor neumns, PIR was of hvo types. Cell 115 PIR occnned as a brief 
peak, analogous to excitor motor neurons, while PIR in eelis 28 and 208 
was more prolonged, as in inhibitor motor neumns. In either ease, PIR 
amplitude was less than 3mV. Serotonin enhancement of time dependent, 
non-linear cellular properties, such % PIR, in oscillator cells could facilitate 
oscillatory aclivity in the reciprocally inhibitory interadions prevalent in the 
leech swim oscillator network. We conclude that, because changes in PIR 
of oscillator interneurons are small relative to PIR in swim motor neurons, 
the interactions and activity of motor neumns, which have reciprocally 
inhibitory comedians with oscillator network eelis, may be critical to the 
serotonin-enhaaced expression of swimming in the isolated leech nerve cord. 
Supported by grants NS08781 (P.S.M.) and NS21778 (W.O.F.). 
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