.
[t
el

-~

.
.
e 'v

LA v

jo -
®. 1

»

UNGLASSIFIED 3T S Lo
STUCRITY CLASSIFICATION OF THIS PAGE \

REPORT DOCUMENTATION PAGE

o

1b. RESTRICTIVE MARKINGS

- T
AD-A199 878 L. __

| S,

s N

3. DISTRIBUTION/ AVAILABILITY OFf REPORT
Aparoved 7o et

{ere!
Cisinitut i ung s
stllloaenlinited,

13

it 4
62y

2D. DECLASSIFICA 1 IUN / DU Whiunmwe e U b
4. PERFORMING ORGANIZATION RE@BER(S) O

D

S. MON'TOARP'N'GO qhﬂﬁA:umeN RgP(gT _NUUB%SS 4

6a. NAME OF PERFORMING ORGANIZATION 6b. OFFICE SYMBOL

(if applicable)
UCLA Medical Center

Ja. NAME OF MONITORING ORGANIZATION

AFOSR/NL

6¢. ADDRESS (City, State, and ZIP Code)

UCLA
Los Angeles, CA 90024

7b. ADORESS (City, State, and ZIP Code)

Bldg 410 .
20332-6448

o Bolling AFB, DC
8a. NAME OF FUNDING / SPONSORING 8b. OFFICE SYMBOL 3. PROCUREMENT INSTRUMENT IDENTIFICATION NUMBER
ORGANIZATION (if applicable)
AFOSR NL F49620-85-C-0100
8c. ADDRESS (City, State, and ZIP Code) 10. SOURCE OF FUNDING NUMBERS
Bldg. 410 "E‘z?azzh‘rﬂ“o PF(()OJECT TASK WORK UNIT
Bolling AFB, DC 20332-6448 - NO NO. ACCESSION NO.
1. TITLE (Include Security Classification)
ortin he Inyestigation of Adaptive Network Architeéctures
12. PERSONAL AUTHOR(S) /"'
Dr. CHarles D, Woody /

13a. TYPE OF REPORT
Final
16. SUPPLEMENTARY NOTATION

!

13b. TIME COVERED 7 ]14. DATE OF REPORT (Year, Month, Oay)
FROMQ] .Iyn 890 8 May 1988

5. PAGE COUNT
99

17. COSATI CODES 18. SUBJECT {ERMS (Continue on reverse if necessary and identify by biock number)
"FiELD GROUP $SUB-GROUP /
if Conditioning Stimuli, Conditioning Cortical Neuronms,
| Acetylcholinee /A /21yt <—
VA

19. ABSTRACT (Continue on reverse if necessary and identify by block
\
Y

stimuli.
neurons.
electrode voltage clamp techique.

This learning model was extended

number)

Research demonstrated that rates of learning of a conditioned eyeblink response in cats
could be significantly accelerated by adding electrical stimulation of the hypothalamic
region of the brain at the appropriate time interval in relation to the conditioning

to obtain rzpid conditioning of single cortical

Changes in currents in the conditioned cells were detected using the single
Longtlasting increases in input resistance and
excitability similar to those produced by acetylcholine were found after applications of
cyclic GMP-dependent protein kinase and cGMP.

20. DISTRIBUTION / AVAILABILITY OF ABSTRACT
QunclassifieounumiTeo O same as RPT

COovicoimges

21 ABSTRACT SECURITY CLASSIFICATION

22a. NAME OF RESPONSIBLE INDIVIDUAL
Dr., William O. Berry

22b. TELEPHONE (Include Area Code)

22¢. OFFICE SYMBOL
(202)767-5021 NL

DD FORM 1473, 84 MaR

83 APR edition Mmay be used until exhausted.
All other editions are obsolete.

SECURITY CLASSIFICATION OF THIS PAGE

UNCLASSIFIED

88 10 5 216

PRI I I )
» -“\.'q"-"\-"*-

o ® ™ ™ et e WAL T W L W MW W W
A R N S A




FEXA® X0 5

i@ o2

‘"

. WA

B

- c - P )
o B B .

o
T

N A A R R (L LRI b (R O AT o S g s e Ny
A N S R R R ) ~ VIR

P L T R TS T TR T TR T R T A T T N SR OO R A Y TR VY UN IHLX VL V6 404 d dde i B e Mo R

-

AFOBR-IR- 38-U984

NEUROPHYSIOLOGICAL RESEARCH SUPPORTING THE INVESTIGATION
OF ADAPTIVE NETWORK ARCHITECTURES

CHARLES D. WOODY, M.D.
Professor of Anatomy, Psychiatry,
and Biobehavioral Science
UCLA Medical Center
Los Angeles, California
90024

Final Scientific Report
May 1988
AFOSR Contract F49620-85-C- O\Q0

(The views and conclusions contained in this document are those of the author and
should not be interpreted as necessarily representing the official policies or

endorsements, either expressed or implied, of the Air Force Office of Scientific
Research or the U.S. Government.)

17 .Y BT I, Y. .Y,

-----------



I T R W NN X o O R N R R N R R R R AR R R R R R TR O R O N O I R T N R

oy € AN ISV VLI
..l, ".’i’ \ll‘-'(‘.

!_’

TABLE OF CONTENTS

PAGE
I SUMMARY 3
II STATEMENT OF WORK 4
III COMPREHENSIVE PROGRESS REPCRT- 5
STATUS OF RESEARCH*
REFERENCES 26
IV PUBLICATIONS SUPPORTED BY AFOSR 31
V LIST OF PROFESSIONAL PERSONNEL ASSOCIATED 38
WITH THE RESEARCH EFFORT
VI APPENDIX 72

*The experiments reported herein were conducted according to the
principles described in Guide for the Care and Use of Laboratory

Animals, DHEW Publication (NIH) 78-23.

ST P LT A0 0P MR Y S AT B A e A A A W S L P L o € n o )
.. .- Ut g Y g 8 X X LA P -: - -tl-'“- \ (3 .a'.

[ 2

L N

(,

TN

I"V‘V\‘(‘
Ls !

"’.\..I“ L]

¢

<
5.7

k]

A, 3

X L

ol

[ PPl

3

. w
-

.
La

b



Ll 'l 00 0d 24 A0 ' 200 4

PAGE 3
" . I. SUMMARY
i)
$ The human brain is the most powerful adaptive network known to man. It is
responsible for human intelligence with operations involving automated image
“ recognition, speech, decision making and complex motor functions. The same

functions are the goal of artificial intelligence operations, robotics and the
like. Attempts to design machines to perform these functions successfully would
benefit from an understanding of how the brain has succeeded in doing so.

Both brain and machine depend on component operations. In the brain the basic
component is the neuron. Although little, as yet. is known nf the rules by whirch
adaptive neural changes are brought about, experimental studies over the past 20
years have uncovered direct evidence that such changes occur and can be studied
at the level of single nerve cells in the mammalian brain and in simpler
invertebrate systems (Alkon, 1979; Barrionuevo and Brown, 1983; Byrne, 1987;
Kandel, 1976; Kandel and Spencer, 1968; Woody, 1982a,b, 1986; Woody and
Black-Cleworth, 1973).

e

o 8

¥ )

3 Our earlier studies have identified cortical neurons that adapt in such a way
as to support learned behavior (Woody et al., 1970; Sakai and Woody, 1980).
Changes in the membrane properties of these neurons occur that lead to
acquisition of the ability to perform specific motor tasks in response to
specific auditory stimuli (Brons and Woody, 1980). Rates of acquiring this
ability can be altered by between one and two orders of magnitude by adding
electrical stimulation of the hypothalamus, associatively, to presentations of
conventional conditioned and unconditioned stimuli (Kim, Woody and Berthier,
1983).

-

ool el P

We have now identified some of the conductance changes, neurotransmitters,
and second messengers that support the involved neuronal adaptations (see
Progress Report; also Woody, 1988; also Woody and Gruen, 1987). We have also
) succeeded in developing an in-situ model of rapid, single cell conditioning that
b mirrors associative conditioning of short latency behavioral responses that
require the motor cortex for their elaboration. What is particularly interesting
to us is the indication that purposefully complex, "lock and key" molecular
B cascades exist at the level of single nerve cells to permit "successful"

. adaptations to occur. "Successful" adaptations are defined as: (a) producing the
desired alteration of response to the appropriate input, (b) enduring over time,
(c) not interfering with other adaptations occurring for other purposes in the
d same cell, and (d) not interfering with the main - throughput - message transfer
property of the cell.

Aon b N0 JNR En

fJ The nerve network and elements that were studied reflect a different design
from that found in single elements of most artificial information processing
N devices. Nonetheless, the design seems understandable in terms of conventional
f information processing theory and in terms of conventional systems analysis
. approaches. (For a brief summary of the latter sez the enclosed Appendix
. excerpted from a recent book of mine.)
9
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II. STATEMENT OF WORK

The activity, excitability and input resistance of nerve cells change with
the acquisition of conditioned behavior (Woody and Black-Cleworth, 1973, Alkon,
1979). Applications of appropriate transmitters and second messengers (see
Progress Report) were able to produce changes in neural excitability and input
resistance similar to those found with conditioning. Intracellularly applied
cyclic GMP (Woody et al., 1986b) and cGMP-dependent protein kinase (Woody et al.,
1986a) increased the input resistance and excitability to depolarizing currents
(but not spontaneous firing rates) of layer V pyramidal cells of the motor
cortex.

Use of single electrode voltage clamp techniques (Fig. 1) disclosed changes
in membrane currents after applications of acetylcholine and cGMP-dependent
protein kinase that produced increases in resistance and excitability of this
type (Woody and Gruen, 1987). By adding iocal microiontophoretic application of
glutamate to presentations of the same CS and US used for behavioral
conditioning, we were able to produce conditioned increases in the activity of
single cortical units after ten stimulus pairings (see progress report for
details). The changes did not occur if application of glutamate preceded rather
than followed presentation of the CS and US. Preliminary findings (Woody et al.,
1987) indicate that the changes in currents after conditioning of single cortical
neurons resembled the changes in currents after ACh and cGMP-dependent protein
kinase (Fig. 2). One of the currents that was altered was a rapidly activated,
aminopyridine sensitive, outward current (Fig. 3) resembling a potassium A
current. How the operation of a rectifying, voltage dependent current might
influence message transmission in these cells is worth considering. The dynamic
effects of the A current on dendritic integration are complex and reflect
features of component design, operation, and control that have not to our
knowledge been incorporated into the design of artificial intelligence devices.
The neural adaptations responsible for the accelerated behavior permit:

1. Rapid acquisition of an adaptive response.

2. The ability to learn to discriminate quickly between incoming stimuli to
determine whether or not an appropriate response will be performed.

3. A very significant improvement in the speed of acquiring these abilities
(less than 10 pairings required as opposed to 500 - 1000).

4. Low error rates.
Further details are given in the comprehensive progress report (Part III).

Thirty publications have resulted from research in the three year period of this
contra~t; see list of publications (Part IV).
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III. COMPREHENSIVE PROGRESS REPORT - STATUS OF RESEARCH

June 1985 - May 1988

Highlights of Current Research

1. A model of rapid conditioning of short as well as long latency facial
movements was developed in which rates of learning could be significantly
accelerated by adding electrical stimulation of hypothalamic regions of the brain
associatively to presentations of conventional conditioned and unconditioned
stimuli. We found that the pattern of the learned response could be controlled by
altering the intervals with which the stimuli were presented.

2. Regions of the hypothalamus were identified which, when stimulated in
association with presentations of click CS and glabella tap US, led to rapid
conditioning.

3. The above model was extended to obtain rapid conditioning of single
cortical neurons. Clanges in currents were detected in the conditioned cells
using the single electrode voltage clamp (SEVC) technique.

4. Effects of cGMP-dependent protein kinase (cGPK), cyclic AMP, and cyclic GMP
on the membrane properties of identified, layer V cortical pyramidal cells were
analyzed. Long-lasting increases in input resistance and excitability similar to
those produced by acetylcholine were found after applications of cGPK and cGMP,

5. Increases in excitability and input resistance were measured in neurons of
the motor cortex of cats undergoing rapid eyeblink conditioning. We found
significant within-cat correlations between these changes and the increased spike
responses of the cells to the CS after conditioning that appeared to cause
initiation of the conditioned behavioral responses.

6. SEVC techniques were used to detect changes in membrane currents in these
cortical neurons after applications of acetylcholine and cGPK. In other studies,
different changes in synaptic currents were found after intracellular application
of a phorbol ester that activated protein kinase C.

Details of Research

1. Development of A Model of Single Cell Conditioning: Hypothalamic
stimulation (HS) effective in increasing rates of conditioning was characterized
by short-latency activation of layer V pyramidal cells of the motor cortex.
Further studies showed that 86% of the neurons of the motor cortex that responded
with short latency discharge to HS showed an increased firing rate in response to
extracellular iontophoresis of 1 M L-qlutamate. The short-latency response to HS
was suppressed or reduced after extracellular iontophoretic application of 0.5 M
L-glutamic acid diethyl ester (GDEE). Glutamate or some other excitatory amino
acid was therefore thought to be involved in the mechanism supporting accelerated
rates of conditioning.

Because of the above findings, attempts were made to condition increased
activity to click in extracellularly and intracellularly recorded cortical
neurons of awake cats using glabella tap and locally applied glutamate
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Fig. 1. (1) SEVC recordings from a cell held at -70 mv (H) and tested with depolarizing commands of +10
(i,i4), +20 (iii,iv) and +30 (v,vi) mvV, and with hyperpolarizing commands of -10 (vii), -20 (viii), -30
(ix), -40 (x), -50 (xi} and -60 (xii) mV. Records of 3 superimposed traces (i and v) show the consistency
of the currents recorded and, together with {ii-iv, illustrate that the presence of incompletely clamped
spike potentials did not cause a reduction in net outward current such as was seen after ACh and cGPK.
(II) Reduction of current following extracellular iontophoresis of ACh, A,B: single traces; C,D: averages

of responses to depolarizing commands at beginning and end of iontophoresis. Helding potentials (H) are ac
indicated.
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@
R
‘; (Fig. 2, top). Averages of click-evoked activity were compiled from single units
32 of the motor cortex before and after ten serial presentations of click plus
g glutamate (¢ + g), click plus glabella tap plus glutamate (c + t + g), glutamate
plus click plus glabella tap (g + ¢ + t) and, in other cells, after click plus
X glabella tap pius chloride (c + t + C1 ). Unit activity was recorded through
ﬂu the same electrodes used to apply 0.5 M glutamate or 1.5 M Cl~ extracellularly
da (90na, 300 ms). Mean peak responses to click were selectively increased above
Sﬂ mean baseline levels of activity after ten presentations of c + t + g
o (Fig. 2A,B). Presentations of g + ¢ + t or c + t + C1 did not increase the
’ response to click in this way. These results show that application of glutamate
4 after click-CS and tap-US can produce effects on cellular activity resembling
~f‘ those found after adding HS to the same CS and US used to produce rapid
g? behavioral conditioning of eyeblink responses.
il 2. In Vivo Use of Single Electrode Voltage Clamp (SEVC): SEVC techniques were
used to measure changes in currents in vivo in single neurons of the precruciate
Rl cortex after local applications of acetylcholine (ACh) and cyclic GMP dependent
{ﬁ protein kinase (cGPK) (Woody and Gruen, 1987). The techniques were adapted from
L those used by others to record from spinal motoneurons (Finkel and Redman, 1984)
R and, in vitro, from hippocampal neurons (Gustaffson et al., 1982; Halliwell and
Ko Adams, 1982; Johnston and Brown, 1983). Extracellular applications (90-95 nA) of
\J 2M ACh for periods of 30 s or less produced significant decreases in net outward
s currents elicited by depolarizing commands whereas applications of saline did
v not. Reductions of net outward currents were also obtained after intracellular
N pressure injections of cGPK mixed with 10 uM cyclic GMP.
]
u Electrodes were selected for use that passed steady, hyperpolarizing and
o depolarizing currents of >10 nA prior to insertion and did not show rectification
R with pulse currents of + 1 nA in vivo. Care was taken during SEVC recordings to
f~ maintain the DC level at zero before cell penetration and clamp operation and to
bk adjust the capacitance compensation after penetrating the cell. (Errors in these
N adjustments can lead to significant errors in SEVC determinations of current.)
The head stage output was monitored during voltage clamp operation and showed
v satisfactory settling times for the electrodes at switching frequencies up to
:: 5000 Hz using a duty cycle of 50%. Holding currents ranged from -65 to -95 mV
. with depolarizing steps of 10 to 40 mv and 30 to 80 ms duration delivered at a
f;. repetition rate of 5 Hz. In each of 7 cells tested, extracellular iontophoretic
o applications (90-95 nA, 30 sec) of 2 M ACh produced decreases in intracellularly
v measured, early outward currents. Iontophoretic applications (90-95 nA, 30 sec)
’g of saline did not produce any consistent changes in these currents. Small
,:« increases in currents followed injections in 7 of the 13 cells, decreases in 4
~ cells, and no changes in 2 cells. Intracellular pressure injections of cGPK mixed
o with 10 uM cGMP decreased the early outward currents in each of five cells tested
. (Woody and Gruen, 1987).
(-
33 Cells given pressure injection of 3- or 4-aminopyridine showed a reduction of
G the outward current (Fig. 3A). The current resembles A currents studied in vitro
;J in hippocampal cells and other neurons. Further studies are attempting to
Ve, separate and identify other involved currents by intracellular injection of
o8 appropriate channel blocking compounds.
fq Additional studies (Fig. 2) using the same SEVC methods, in vivo, have
i~ disclosed changes in currents that occur after single cell conditioning with
o
N
a™
@

-
«
M

NN A AR A AT S R R R i St AT G AT AT S AN s
A% Sd AD . B HOLE oo S . N ¥

A T ..‘_:‘_\-"v.._\ ~._.-.{;\‘_\~_' \..‘.',\4_1-)'\ \'1"\ _"\ \‘,
o s A \ h B . . .

Nl )




- X e X
_..l.f-ﬁ.u'x. }'. x 8

RO

oy @

4
.

A

.‘r?j&ﬁr

L XX K
N EI R N

Al

Rt r AT AT

Covaaters s 83 ¥atB et alh a®2 2t 2 2t 80 a 08 a¥8 218722522 202 %R 1 0" ‘a1 ot 290 2t w1 s "2 242 a8 200 "2 %2", RN T oW W ow < W W W W WL WU W

PAGE 8

A B C

4 “‘Ii”‘“’L NERSTRRR . 1 1
Loy il LWL -~

rost conp A
rost cotio .rtOSst cotip
| | ' l l ‘sow
ETREN TN ||soo,.v|| | “H'l‘zsopv ] —
' o —_ FOSY REV COND
POST REV COND rOSI REV COND 100w 20ms

b - E APT COND
b e -
""______. ! ”WWJ\\" W

e roetcouu’/

R
o - “Tiitor— =Ty
= e ™ M et o 17

—
——

/

F ADAPT tost COND rosT REY COND
gfi" - ‘.’l/ N N
L ll\.“.‘\l“l,h!.'|‘[||,|'L”“g!. " “el lip.nlﬂ!.' .y Hﬂ JL,J‘UJ,LL-,UUIH

ms

Fig. 2. A. Top: conditioning paradigm (COND) using click, tap (t) and glutamate iontophoresis (GLUT) to
produce CRs to click (delivery indicated by arrows) in single units of the precruciate cortex of awake
cats. Below are shown alpha and beta latency CRs after conditioning (POST COND), and their disappearance
after revercting the order of glutamate pairing (POST REV COND). B. Another extracellularly recorded unit
showing the change from initial naive adaptation state (ADAPT) through similar conditioning and backward
conditioning procedures. C. An intracellularly recorded unit showing simi'~r effects. The magnified inset
(catat) shows the augmented PSPs and synchrony of discharge seen at the time of the CR. D. and E. SEVC
tecords from the unit in C. D. top: voltage traces to +20 mV commands (vertical calibration bar 20 mv),
middle: headstage output with S0 mv and 100 ms calibration, bottom: averages of currents before (lowest
trace), during, and after conditioning with corresponding change in outward tail current (arrow).
Calibrations are 2 nA and 20 ms. E. Superimposed current traces produced by voltage command in D before
{ADAPT), at the end of (COND), later after conditioning, and after backwards conditioning by reversing
order of GLUT pairing. Arrow points to change in another current component. F. Histograms of spike
discharges to click CS and hiss DS (vertical arrows) before and after conditioning, and after backward
conditioning show the discriminative nature of the CR {diagonal arrow]}.
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- Fig. 3. A. Currents in response to 120 ms, +10-50 mV voltage-steps under voltage clamp, recorded from a
xy neuron of the pericruciate cortex of an awake cat before (control) and after intracellular injection of S0 mM
K : 3-aminc— pyridine (3 ap) + 20 mM QX-314. Voltage is shown by the upper traces, current by the lower traces
" » valso in B). Arrow ac the onset of the depolarizing voltage-steps shows the peak net outward current, and the
N arrow at the offset of the nyperpolarizing voltage-steps shows the corresponding tail currents. Note the
w? depression of these currents by 3-Ap and increase in late currents due to supression of a susiained inward
® current by QX-314. Holding potential was ~65 mV. Calibration bars: 50 mv, 2 nA, 20 ms. B. Effects of phorbol
¥ 12,13-dibutyrate (PdiB) on excitatory synaptic currents (EPSC) produced by VL stimulation {700 wA, 3.1 ms,
f,"\ 3.5 Hz) are illustrated for different depolarizing (+10,+20 and +40 mv) and hyperpolarizing (-10,-20 and -40
,;: mV) command steps. Two superimposed traces are shown for each record. Holding potential was -60 mV. Arrows
show outward current at the onset of depolarizing commands and tail current at the offset of hyperpolarizing
commands. Calibration bars: S50 mv, 2.0 A, 20 ms.
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PAGE 10

click, glabella tap, and iontophoretic application of glutamate. An example of
the results is shown in Fig. 2. These changes in ionic currents are thought to
represent a major cellular mechanism for mediation of associatively learned
behavior in mammals. Systematic attempts should be made to evaluate these
changes.

3. The pattern of production of a conditioned eyeblink movement following
delivery of a click CS was found to be controlled by alterations of the
interstimulus interval (ISI) used to establish the conditioning. Using an ISI of
570-10 ms between presentations of click CS and glabella tap - hypothalamic
stimulation, the pattern of CR onset began 20-30 ms after CS delivery. Using an
ISI of 340-240 ms, the onset was >100 ms. ISIs of less than 300 ms inhibited
conditioning. (Hirano et al, Brain Res., 1987.)

4. Two intracellularly injected phorbol esters (PhEs) which activate protein
kinase C (PKC), phorbol 12,13-dibutyrate and phorbol 12-myristate, l3-acetate,
produced increases in excitability of neurons of the motor cortex of awake cats.
PhE (1-10 uM PhE dissolved in 1 M potassium citrate containing 50 ug/ml
phosphatidyl serine) was pressure injected directly into the recorded cells.
Signs of increased neuronal excitability were observed in each of 65 cells
injected with PhE. Enhancement of excitatory background synaptic activity
resulted in an elevated rate of spontaneous firing. The number of spikes evoked
by depolarizing constant current pulses gradually increased. The latency of the
first action potential produced by delivery of the depolarizing current pulses
decreased as did the threshold level of current needed for spike initiation. The
slow afterhyperpolarization (AHP) following action potentials and current-induced
depolarizations decreased. In some neurons the increase in background firing
activity resulted in burst generation. PhE also increased the peak amplitude of
action potentials (but not their duration) and the amplitude of fast AHPs
following action potentials. All changes occurred within 2-8 min after injection
and lasted for 50 min or longer. Neither increases in input resistance nor
depolarizations of the resting membrane potential sufficient to account for these
excitability changes were found. Control injections (n=15 cells) of 4
alpha-phorbol 12,13-didecancate, which does not activate PKC, failed to induce
changes in neuronal excitability. (Baranyi, Szente and Woody, Brain Res., 1987).

5. The activity in response to a CS and excitability to depolarizing current
of neurons of the cat pericruciate cortex increased after rapid acquisition
of conditioned blink responses. Threshold levels of current needed for spike
elicitation were significantly lower after than before conditioning in each of
5 cats tested. Significant increases in ipput resistance also occurred in
these cells. The discharges preceded blink responses with latencies sufficient to
control production of the learned response. During extinction, neurcnal responses
to the CS decreased but remained greater than in the naive state. Conditioned
eyeblink responses with short (16-60 ms) onset latencies developed rapidly,
within 5-50 trials, after pairing click CS, glabella tap US, and electrical
stimulation of the hypothalamus (HS) at an interstimulus interval of 570-10 ms
between CS and US-HS. (Pairings of the same CS and US without HS require hundreds
of trials, over days, for equivalent levels of conditioning.) Longer latency
(80-240 ms) eye blink responses developed later after further application of
conditioning trials. When CSs were presented alone after condi- tioning, the
number of CRs decreased gradually; spontaneous recovery of CRs occurred between
extinction sessions given for 1-5 days (learning savings). Another control
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paradigm in which HS was given 2.5 s before each CS-US pairing ("backward HS")
did not produce rapid acquisition of CRs. The "backward HS" paradigm was less

oy effective in increasing neural excitability and did not result in significant
o differences in excitability before and after these sessions in each of 4 cats.
> (Aou, Birt and Woody, Soc. Neurosci. Abstr., 12:555, 1986.)

)

4

rﬁ 6. Specific regions of the hypothalamus were identified that when stimulated
3; increased rates of conditioning as described above (Fig. 4).
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f?j Fig. 4. Loci of the hypothalamus at which electrical stimulation was applied to
&~ produce accelerated rates of conditioning. (Some animals were stimulated on left

:{ as well as right sides, each side unilaterally, in separate experiments.) Cd,

& caudate nucleus; Ch, optic chiasm; CI, internal capsule; En, entopeduncular

- nucleus; Fx, fornix; GP, globus pallidus; LH, lateral hypothalamus; MB mammilary

., body; Th, thalamus; TO, optic tract; VA, anterior ventral thalamic nucleus.

:: (Numbers are anterior stereotaxic planes in mm, Snider and Niemer'’s atlas.)
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\

'

: 7. Intracellular injections of cyclic AMP (cAMP) decreased the input resis-
) tance of HRP-identified layer V neurons of the motor cortex of awake cats.

¢ Eighty-six percent of injected cells responded to cAMP and HRP with a rapid

decrease in input resistance occurring immediately after injection with return

toward baseline two to three minutes later. Th. decreases were significantly
) greater than the small decreases in input resistance normally seen in uninjected

cells held for two minutes or more after penetration and exceeded comparably

small decreases in input resistance seen after control injections of 5’ AMP plus
4 HRP. Pyramidal cells of layer V were identified as responding to cAMP with a
, decreased input resistance. A spiny stellate cell of layer III and a pyramidal

cell of layer VI were also identified that showed similar responses. The cells )
! also showed increased rates of discharge after penetration with electrodes )
containing cAMP, but significant changes in input resistance were not found in '
q association with the increased rates of discharge. After pressure injection of '
g cAMP, the rates of discharge fell toward more normative levels. Our findings

indicate that cAMP has an effect on cortical neurons similar to that found in
X some types of invertebrate (molluscan) neurons and dissimilar to the effect of
! cyclic GMP. (Woody and Gruen, Exp. Neurol., 1986c.)

e

8. Intracellular injection of cyclic GMP (cGMP) increased the input resist-

ance of HRP-identified layer V pyramidal neurons of the motor cortex

l of awake cats. Fifty-four percent of injected cells responded to cGMP and HRP )
with an increase in input resistance within 30 sec after injection. None of a X
control group of cells injected with HRP without cGMP so responded. In cells y

3 given intracellular depolarizing current sufficient to produce repeated spike

y discharge at the time of injection, the increase in input resistance after cGMP

D persistaed for as long as the cells could be held. There was no significant

increase in firing rate after injection of cGMP. Cells responding to cGMP with an

increased input resistance were identified as pyramidal cells of layer V. One

inverted pyramidal cell of layer VI also showed an increase in input resistance

in response to cGMP. Previous studies have suggested that muscarinic cholinergic

agents produce an increased input resistance (thought to reflect a decreased

potassium conductance) underlying an increased rate of discharge in neocortical

neurons. Our results favor a dual action of muscarinic cholinergic transmission

in mammalian cortical neurons — the increase in input re.istance in layer V

pyramidal cells being mediated by cGMP, the increase in rate of discharge being

otherwise mediated. (Woody et al., Exp. Neurol., 1986b.)

e .

9. Intracellular injection of purified cGMP-dependent protein kinase produced

4 increases in input resistance (Rn) in neurons of the motor cortex of awake '
‘ cats. Input resistances were measured with 1lnA, 40ms, rectangular, bridge
balanced, hyperpolarizing and depolarizing pulses. The mean input resistance
increased within seconds after injection of cGMP-dependent protein kinase (as
rapidly as measurements could be made) and remained elevated for two minutes or
longer. One of the injected cells was identified by HRP as a layer V pyramidal
cell. In these experiments the cGMP-dependent protein kinase was incubated with
10 micromolar cyclic GMP 30 min prior to filling the electrodes. Pressure
injection of the cGMP-dependent protein kinase without preincubation with cGMP
caused smaller increases in Rm that were slower in onset, reaching a maximum
value 60-90 seconds after injection. "Control-cells" injected with heat
inactivated cGMP-dependent protein kinase, with or without pre-incubation with 10
micromolar cGMP, did not show such changes in Rn over the 2 min period of
observation. Up to sixty-five percent of cells of this same cortical area given
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extracellular application of acetylcholine or intracellular application of 1 mM
CGMP in earlier studies showed increases in input resistance of a magnitude
comparable to that observed on injection of the activated, cGMP-dependent protein

-

kinase.
i
k The results indicate that intracellular injection of the cGMP-dependent
! protein kinase into neurons of the precruciate cortex of the awake cat can mimic
N the actions of extracellularly applied acetylcholine and intracellularly applied
s CGMP. (Woody et al., Brain Res., 1986a.)
K) 10. Intracellular effects of CS and US presentations were studied in cells of

the motor cortex of awake cats. Behaviorally, conditional stimuli (CS) are
distinguished from unconditional stimuli (US) by the ability of the US to produce
d an unconditioned motor response. Appropriate pairing of a CS with a US results in
the development of a conditioned response (CR) to the CS, but pairing one CS with
another CS does not. An important issue in studying the neural basis of
conditioning is to determine how stimuli which serve as USs differ from stimuli
which serve as CSs at the cellular level. Glabella tap and click have been used
extensively as US and CS in eye blink conditioning. Cells of the motor cortex
have been shown to be necessary for blink condi- tioning to occur with these
stimuli. Intracellular recordings were obtained from 92 cells in 8 awake cats of
the response to tap US and from 55 cells in a separate group of 8 cats of the

_ response to click CS. Averaged spike histograms made from these two groups of

B cells showed differences in the magnitude of evoked discharges in response to
click and tap. Peak rates of firing elicited by tap-US were significantly larger
(t test p <.01) than those elicited by click-CS and the proportion of cells
responsive was higher for tap than click (chi square p <.05). Averages of
postsynaptic potentials prepared by digitizing the intracellular recordings o
membrane potential, digitally removing spikes, averaging all trials for each
cell, and then averaging results from all cells showed a greater depolarizatich
in response to tap than to click (t test p < .05). Analysis of spike histograms
and PSPs in single cells also disclosed inhibitory responses which were not
apparent in the overall averages. When analyzed cell by cell, the magnitude of
reduced discharges seen in spike histograms was greater for click than tap (t
test p < .01) as was the proportion of cells showing such reductions. (Birt, Aou
and Woody, Soc. Neurosci. Abstr., 12:555, 1986.)
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K. 11. Sstudies were concluded of effects of intracellular applications of anti-
bodies to cGMP on responses of cortical neurons to extracellular applications

of muscarinic agonists. Intracellular injections of specific antibodies to cGMP
(cGMP-Ab) produced substantial decreases in input resistance (R ) selectively

in neurons of the motor cortex that had responded with increased resistance to
prior application of muscarinic agents. Intracellular injections of non-specific
immunoglobulins (IgG) did not produce this effect. (Some non-specific effects on
spike production occurred in cells given Ig9G or cGMP-Ab.) The decrease in R,
may be interpreted as being consequential to a reduction in baseline levels of
I active cGMP due to binding of cGMP with the injected antibody. In cells which

" demonstrated a prior increase in R_ following extracellular application of the

) muscarinic agonist, aceclidine, or ‘acetylcholine, injection of antibody to cGMP
" also resulted in suppression of the increase in R_ to subsequent applications

of these muscarinic agents. (cf., Swartz and Woody, 1984). Increases in firing
rate to these agents continued to be observed after injection of cGMP-Ab.
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The results support the hypothesis that cGMP mediates effects of muscarinic
neurotransmission on the conductances of neurons of the motor cortex of awake
cats. In addition, intracellular injection of antibodies to specific cellular
elements is shown to be feasible in cortical neurons of awake cats and may prove
a useful adjunct to future studies of neurotransmitter mechanisms.

12. Effects of non-uniform distributions of synaptic conductance inputs on
spines were modeled in a cortical pyramidal cell. Non-uniform distributions of
two different types of synaptic conductance inputs produced non-uniform resting
potentials and significantly changed the efficacy of postsynaptic integration in
layer V cortical pyramidal cells of cats relative to that of cells with a passive
cable resistance. The efficacy of synaptic inputs depended on the driving force
at the synaptic sites and the electrotonic distances from the soma to the
synapses. Effects were also examined of different distributions of activated
conductances on the non-uniformity of resting potentials and the efficacy of
synaptic inputs (as determined by peak transient soma potential) when dendritic
spines were incorporated into the dendritic cable. Three types of synaptic inputs
were modeled. Inhibitory inputs (I) with a reversal potential of -85mv were
inserted on the soma and on proximal dendrites. Excitatory inputs (E) with a
reversal potential of OmV were distributed primarily on apical spines with some
on basilar spines. M-current-like inputs (M) with a reversal potential of -85mv
were placed primarily on basilar spines with some also on apical spines. The
effects of different levels of synaptic activity within each region were
evaluated while keeping soma resting potential and cell input resistance
constant. These results were compared to those obtained with uniform
distributions of E and M inputs on spines with and without I input or the soma
and on proximal dendrites. With I input on the soma and on proximal dendrites and
uniform E and M input on spines, resting potential varied by up to 5mv within the
neuron. When the E and M inputs were nonuniformly distributed, differences of
10-30mV could be seen between the resting potential at the soma and in distal
dendrites. The efficacy of distal synapses as measured by peak transient or
steady-state soma potential was 2.5 times greater with some input distributions
than with others. (Holmes and Woody, Soc. Neurosci., Abstr. 1985.)

13. Relationships between axonal diameter, soma size, and axonal
conduction velocity were examined in intracellularly recorded pyramidal
tract (PT) cells of cats using pressure injection of HRP. Positive linear
correlations were found between axonal conduction velocities and axonal diameters
as well as between axonal conduction velocities and soma sizes. All PT cells had
somata located in layer V. Slow PT cells had high densities of dendritic spines
in layer III; however, so did some fast PT cells, making this morphologic feature
unacceptable for distinguishing between slow and fast conducting PT neurons.
(sakai and Woody, Brain Res., in press)

14. Reduced afterhyperpolarization and rapid activation of cortical cells was
produced by electrical stimulation of the hypothalamus in monkey and cat. Lateral
hypothalamic stimulation (A: 18-20, L: 2-4, H: 1-3) evoked action potentials with
latencies <1 ms in 38 of 125 motor cortex neurons in monkeys (macaca fuscata).
Comparably short latencies of activation were found in cells of the motor cortex
of cats. Some responses followed stimulation at 300 Hz with fixed latency and met
collision tests. Following electrical stimulation of the lateral hypothalamus
with a 4 or 5 pulse train (100-500 us, 50 Hz, 0.5-1.5 mA, bipolar), 14 of 23
cells in monkeys showed a reduction in both amplitude and duration of the AHP
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with little or no accompanying change in levels of spontaneocus resting potential.
The effect began 15 to 70 ms after stimulation and persisted for 50 to 300 ms
after stimulation. Sometimes, a decrease in the threshold level for spike
generation accompanied the AHP reduction. This phenomenon could also be observed
in neurons of the motor cortex of awake cats together with increases in input
resistance.

The results provide evidence in two different mammalian species for
commonalities in hypothalamo-cortical interactions which are of potential
significance to the accelerated development of learned behavior. (Aou, Woody, et
al., Soc. Neurosci. Abstr. 11:983, 1985.)

15. A voltage-dependent, 4-aminopyridine sensitive, outward current was
studied in vivo in cortical neurons of awake cats by voltage clamp techniques.
Studies of neurons of the precruciate cortex disclosed fast, outward currents
that increased with increasing, positive step voltage commands from holding
potentials set between -60 and -80 mV. Preceding depolarizing pulses reduced the
currents while preceding hyperpolarizing pulses potentiated them. Cells given
pressure injection of 4-aminopyridine, showed reduction of the outward current.
The degree of reduction varied from cell to cell. This technical advance afforded
us the means for detecting changes in currents related to mammalian conditioning.
(Woody, et al., Soc. Neurosci. Abstr. 11:955, 1985.)

2Ihe electrophxsiological effects of intracellularly injected apamin, a
Ca® —dependent K channel blocker, were investigated in neurons of the motor
cortex of awake cats. Membrane and synaptic response parameters were measured
usigg single—elegtrode voltage clamp. Apamin selectively abolished a
Ca” -dependent K current involved in slow afterhyperpolarizations following
action potentials and depolarizing current pulses, without influencing fast
afterhyperpolarizations or the time course of action potentials. Apamin increased
the number and frequency of spike discharges evoked by depolarizing current
pulses. The rate of spontaneous background firing activity was slightly
increased. Resting potential and input resistance were essentially unchanged by
apamin. (Szente, Baranyi and Woody, Brain Res., in press)

16. A review of research on the cellular basis of memory and learning was
published. (Woody, Ann. Rev. Psychol., 37:433-493, 1986.)

17. A book, Neural Mechanisms of Conditioning, was published, reporting the
proceedings of a Conference on Mechanisms of Neural Adaptation held at the Woods
Hole Marine Biology Institute. Drs. D. Alkon and C. Woody co-chaired the
conference.

18. A book, Cellular Mechanisms of Conditioning, (Eds. C. Woody and D. Alkon)
was prepared (Plenum, 1988) reporting the proceedings of an International
Conference on Mechanisms of Neural Adaptation held as a satellite symposium of
the International Union of Physiological Sciences XXIXth Congress.

. et AP T T N7 B e B R L AP O R o N N T AT A PRI L VL T PR P TR Y [P LS P T W TS NV I T . T i TS
D LY ._r .. o ._-('.‘-x,,'_ o ’ ,',_.- P T R S A -‘}* .J‘_ .r AT W Rt

Ny

..... n




Summary of Earlier Research
(Prior to May 1985)

1. The rate of learning a conditioned facial movement was greatly accelerated
by adding electrical stimulation of the hypothalamic reqgion of the brain to
presentations of conventional conditioned and unconditioned stimuli. Animals
learned the CR after as few as ten instead of 1,000 or more pairings. The
learning that resulted was both associative and discriminative (Kim, Woody and
Berthier, J. Neurophysiol., 1983). That is, learning was induced by a specific
stimulus combination, the code depending on the order and interval of
presentation of the involved stimuli. The learned response was then elicitable by
a specific input signal. The pattern of cortical neuronal activity produced by
hypothalamic stimulation was predictive of loci of hypothalamic stimulation that,
when stimulated, would succeed in accelerating learning (Woody, Kim, and
Berthier, J. Neurophysiol., 1983). Part of the acceleration of learning the motor
response may derive from recruitment of a new performance pathway - reflected by
a longer transmission latency for movement production. If so, one would like to
know how the system picks the "right” pathway to give both acceleration and the
"appropriate" learned movement. We would also like to know whether the
hypothalamic stimulation responsible for acceleration of learning is punishing or
rewarding. This may, however, be of less consequence in understanding what is
going on than would specifying the coded molecular interactions that occur
between the chemical(s) released by hypothalamic stimulation and other chemicals
capable of modifying the transfer properties of the nerve cells. It is these
interactions that we think are primary in controlling the potentiation of
conditioning that we have observed.

2. Depolarization-induced effects of intracellularly applied calcium-cal-
modul in-dependent protein kinase were studied in neurons of the motor cortex
of awake cats. Intracellular iontophoretic application of calcium-calmodulin-
dependent protein kinase (CaPK) was followed by a 30 sec period of steady
depolarization (1.0 nA). These cells showed an increase in input resistance in
comparison with a control group of fifteen cells given depolarization only,
without application of CaPK. Post-iontophoretic measurements of input resistance
in cells given CaPK alone were not increased, nor was input resistance increased
in cells given equivalent negative currents through electrodes containing only
KCl. The results indicate that intracellular injection of calcium-calmodulin-
dependent protein kinase, followed by depolarization and depolarization-elicited
impulse activity, transiently increases input resistance of neurons of the motor
cortex of cats. Depolarization-induced discharge was needed to change the
membrane response of cortical neurons to acetylcholine or cyclic GMP from a
transient to a persistent one (cf., Woody et al., 1978). An analogous increase of
input resistance can be produced in the Type B photoreceptor of Hermissenda by
applying protein kinase and sufficient depolarization paired with light to
increase calcium conductance and internal calcium concentration. It appears that
some of the same control mechanisms responsible for elaboration of associatively
induced behavioral changes in Hermissenda may be operative in neurons of the cat
motor cortex that support the performance of the learned motor tasks that we are
studying (Woody, Alkon and Hay, Brain Res., 1984).
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3. Anataomical and physiological studies of intracellularly recorded neurons

of the motor cortex of conscious cats were made in conjunction with intra-
cellular injections of HRP. Stable recordings characterized by action potentials

R TR

of amplitudes smaller than the recorded resting potentials were correlated with
recoveries of injected dendrites. Penetrations with dendritic recoveries had
higher input resistances than did those with recoveries of both somas and
dendrites. Increases in spike height during pressure injection were greater in
recordings with dendritic recoveries than in recordings with recoveries of both
somata and dendritic processes (Woody et al., J. Neurophysiol., 1984).

Additional studies assessed possible injury arising from cell penetrations.
The response of penetrated neurons to repeated click stimuli was compared with
that of unpenetrated (extracellularly recorded) units of the same cortical
region. Responses obtained from penetrated neurons were separated into 4 groups
according to the size of the recorded action potential. The magnitude of the
response to click was much the same in cells with action potentials ranging
between 50 - 60 mv, 40 - 50mv, and 30 - 40 mV. The magnitude was slightly greater
in the group with action potentials ranging between 20 - 30 mV (suggest- ing some
slight depolarizing injury to some of these cells). The response profiles were
comparable to those of extracellularly recorded units (Woody et al.,

J. Neurophysiol., 1970; Woody and Engel, J. Neurophysiol., 1972). Studies using
K+ ion sensitive microelectrodes indicated that "intracellular" recordings were
in fact made intracellularly. It appears that whatever injury arose from the
penetrations of these cells was minimal and was not sufficient to impair the
ability of most cells to respond with spike activation to natural stimuli such as
weak click (Woody et al., J. Neurophysiol., 1984).

4. Effects of local increases in membrane resistance on current spread in
cortical pyramidal cell dendrites were explored using a passive cable model
for determining the transient potential in a dendritic tree of known geometry.
The morphology was obtained from a montage composed of photomicrographs taken at
different, overlapping areas within serial sections of an HRP-injected, layer V
pyramidal cell of the cat motor cortex. A passive cable model which could
determine the transient potential in dendritic trees of arbitrary geometry was
used to examine the efficacy of different loci of increased membrane resistance
for given loci of current injection. The model used the passive cable equation
(cf., Rall, 1962) to express the potential for each interbranch segment of the
dendritic tree. By matching boundary conditions at branch points and termina-
tions, a system of equations was readily obtained for the Laplace transform of
the potential at the ends of each segment. The inverse transform could then be
quickly computed for any arbitrary time point. Since only one equation was re-
quired for each interbranch segment, this approach used far fewer equations than
the compartmental approach. Using this model it was found that an increase in
membrane resistance in the region immediately proximal to the point of current
input was more effective in increasing soma potential than an increase in a
comparable membrane area of a more proximal dendritic region. Under certain
circumstances a distal increase in membrane resistance could be more effective
than a comparable proximal increase depending on the locus of current injection
and the morphology of the dendritic tree. Tests with this model support the view
that increases in membrane resistance could produce the increases in neural
excitability found in these cells after conditioning and could account for the
increase in activity of these neurons in response to the auditory CS (Holmes and
Woody, Soc. Neurosci. Abstr., 1983, 1984).
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n 5. Current-vcltage relationships of pericruciate cortical neurons of awake
' cats were studied in vivo. Current pulses ranging from + 4nA and of 30-500 ms
duration were injected in 17 pericruciate neurons in order to investigate their
current-voltage relationships. An active bridge circuit was used to inject the

A current pulses. It was important that the circuit be accurately balanced so that
ﬁ the measurements would not be distorted by changing electrode resistance.
& Therefore, an algorithm based on the method of Takeuchi et al., 1981, was used to

balance the bridge circuit automatically. It required only that the electrode
time constant be much shorter than the cell time constant. Current monitor and
intracellular voltage records were A/D converted and analyzed (using a threshold
detection method) to determine the time of current pulse onset and offset. The
intracellular voltage record was sampled just before pulse onset and just after
charging of the electrode (i.e., about 50-100 usec after pulse onset), the
difference in the two measurements being the magnitude of bridge imbalance. This
4 difference was then subtracted from the voltage trace for the duration of the
current step, and the data D/A converted and displayed oscillo- graphically. The
slope of the IV plot in the hyperpolarizing region was taken as the best estimate
of input resistance. It averaged 9.1 megohms across the 17 neurons. The cells had

I a mean resting potential of 62 mv, and a mean action potential height of 59.6 mv.
:ﬁ Rectification was not detectable in the range of + 0.5 nA current injection in

: 94% of the cells (Berthier and Woody, Soc. Neurosci. Abstr., 1983).

\ 6. Effects of PT stimulation on PSP production were studied in intracellular

X recordings from 62 cells of the motor cortex of awake cats. (Woody, et al,

RY Brain Res., 1985). Of these cells, 10 showed an IPSP that decreased with

sz hyperpolarization and, in 5 of the 10 cells, the IPSP was reversed with

e additional hyperpolarizing current. In 9 of the cells, it was possible to measure
. a decrease in resistance at the time of the IPSP. This IPSP has been recognized
K previously by other investigators and is thought to reflect an increase in

W chloride conductance. In 30 of the remaining cells, a quite different IPSP was

X found during the same 35-120 msec period following PT stimulation. In each of

, these cells, the IPSP increased in size with the application of hyperpolarizing
; current and could not be reversed with hyperpolarization. With depolarizing
" current the IPSP decreased in size. The resistance was measured at the time of
the IPSP by comparing the magnitude of a continuously repeated (20 ms on, 20 msec
off) bridge pulse during the IPSP with that prior to the PT shock that elicited

b

0
*? the IPSP. An increased resistance was found to accompany the IPSP. Conductance

N decrease IPSPs were seen in these cells irrespective of whether antidromic spikes
pA were produced by PT stimulation. Conductance decrease IPSPs have been reported

s previously (Siggins et al, 1971; Engberg and Marshall, 1971; Smith and Weight,

! 1977), but not in neurons of the motor cortex. (PT stimulation is an effective US
) in producing conditioned behavior [O’Brien et al., 1977].)

W

k 7. Cybernetic considerations relevant to a theoretical approach to analysis of
° neuronal adaptation in a nerve network, excerpted from a book on

- Memory, Learning,and Higher Function by Dr. Woody, are enclosed as an Appendix.
-2 Some aspects of that material may be summarized as fcllows:

b

:: An adaptive system can be described, cybernetically, as a system that modifies
N its internal structure as a function of experience, thereby altering the system
® operation. Ordinarily, the system operation will become increasingly optimized,

- by means of feedback, in the approach to some operational goal. In this context
i goal-seeking will be the process by which the component or adaptive element moves
o 1
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toward or maintains a particular system state. A key feature of any adaptive
system will be the features controlling the adaptation. The control sub-system
may or may not require associated memory. If so, the memory may evolve in a
trivial or non-trivial fashion, with or without variation in the original set
point. Control of goal-seeking may be expected to be accomplished by means of

feedback. The latter will ordinarily involve some closed-loop operations. 2
Interestingly, a great many psychophysiological formulations of adaptive neural 5,
systems have neglected to specify closed-~loop operations by which such feedback "
could be accomplished as opposed to open-loop operations which do not lend A

themselves to modification of the involved element as a consequence of the
element’s past adaptation (cf., Kandel and Spencer, 1968).

e
Ty 2}

Physiologically, many adaptive cellular systems lend themselves to closed-loop
goal-seeking processes. These range from biochemical feedback loops (within the
metabolic context of the cell itself) to recurrent collateral systems with ¥
relatively direct feedback as well as indirect feedback through more extensive
polysynaptic networks (cf., Rasmussen and Goodman, 1977; Phillips, 1974). At the
level of cellular components in the brain, there exist several candidate
mechanisms for the control of neural adaptation:

-8, o 8

ol

i) The "Yin-Yang" hypothesis has been advanced in which so-called excitatory
and inhibitory neurotransmitters could control closed-loop goal-seeking
adaptations depending upon neuronal conductance changes by means of
intracellular second messengers such as cyclic AMP and cyclic GMP. The cyclic
nucleotides are thought to interact reciprocally to facilitate either
excitatory or inhibitory effects (Bloom, 1975, 1976; Goldberg et al., 1973).

ii) The principle of voltage—dependent control of neuronal spike activity is
well established. The possibility arises of voltage dependent induction or !
potentiation of cyclic nucleotide release as well as the likelihood of coupled J
sodium or potassium—-calcium channels with voltage-dependent features !
(Loewenstein, 1975; Lux and Eckert, 1974; Heyer and Lux, 1976a,b). K]

iii) Entrainment, i.e., the production of multiple spike discharges
encroaching upon relative refractory periods, might furnish a chemical signal
for cellular mechanisms controlling neural adaptation, particularly after
associative stimulus pairings as in conditioning. In cortical neurons,
entrainment is probabilistically an uncommon event in contrast with PSP or
spike production, per se, resulting from natural auditory stimuli which serve
as CS’s in Pavlovian blink conditioning (Woody et al., 1970; Engel and Woody,
1972). Other evidence (Woody et al., 1976) indicates that entrainment might
interact with acetylcholine or cyclic GMP to control aspects of persistent d
adaptation in mammalian cortical ieurons.

R, Fin. T TR LI

The practical significance of using a closed-loop cybernetic approach to
understand cellular adaptation, even at the biochemical level, is just beginning N
to be re-evaluated and appreciated. See for example, the re.i:zw articl. by ‘
Rasmussen and Goodman (1977).

Systems of this type are of course restricted in the type of operations they
can perform and the geometric patterns that can be recognized. For example, such 'y
systems cannot compute connectedness of geometric figqures, whereas they can
compute convexity and related processing operations of the type called local or
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o
;Q conjunctively local by Minsky and Papert. Humans may not be able to compute some
j’ forms of connectedness either.
0
e.g.:

%
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i The informon model of an adaptive neural element (Uttley, 1976) incorporates
N classifying inputs, closed-loop feedback concerning the operational state of the
J element, and an appreciation of goal-seeking in the algorithm requlating useful
o adaptation. Several constraints are particularized that are critical if the

:i informon is to successfully discriminate one input from another. These are a) the
L~ algorithm by which the weightings of synaptic inputs are altered, b) the need to
o achieve system normalization through negative (not positive) feedback of

S information regarding the current system state, and c) the need for a classifying
v input to distinguish or identify which input signal is the particular signal to
b be discriminated. Tests of this model have found that each of these constraints
o is required for the element to adapt usefully. Synaptic weighting is altered
.}5 according to the Shannon mutual information function between certain synaptic
s inputs in combination with closed-loop negative feedback reflecting the element’s
! internal state. Thus, it would appear that there are empirical as well as
- theoretical reasons why "smart" adaptive elements need to incorporate
%j goal-seeking as well as closed-loop feedback into their design.
L The possibility exists that modification of Uttley’s algorithm can result in

{ the introduction of a self-classifying input. By self-classifying input is meant

an input of particular functional significance which is identifiable, within the

’L adaptive element, by means of its stochastic pattern of appearance alone.
k- Moreover, this stochastic pattern need not unduly disrupt the overall function of
- the adaptive element’s operation.

:D In some adaptive networks, input analysis, i.e., the processing of
“ sensory-labelled information (cf., Mountcastle, 1974), is explicable in terms of
I the group invariance theorem of Minsky and Papert. This theorem permits analysis
- of operations, such as the geopmetry of certain sensory image processing, by

» algebraic means instead of statistics and thereby reverses a trend in this field.
e The group invariance theorem examines the relationship between all possible

{; receptor activations (all sets of sensory labels) and their representation across
® the theoretical space of an adaptive network, given certain architectural
N7 constraints. This result is a description of an orderly relationship in which no
vj matter how complexly the network is organized, the space required for a
P !
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particular sensory labelling can be specified. In summary form, the group
invariance theorem states that if:

1} Gis a tinfte group of transtormetions of s finite space R;
(BB }:ls 8 set of predicstes on R closed und-rAG;
i ‘flls in L (§) and lavariant under G.
Then ‘there exists 3 |inear representation of
Y = f‘zyg Ao > 07
rfor which tne cen“iclonuﬁ? depend only an the G-equivaiencs class of f that is
it Pa ?'fhon/ﬁ? :l.,g?l .
L £ls The set of all predicates for which tr'ls 8 linear threshoid tunction with
respect to é » and 3 predicate s a funcrion that has two possible vaiues, I.e.

s binary function.

Y is a linear threshoid function with respect mi(wlé i L Cé)) it thers

exisrs & number 8. and a set of numoors.o(f one for each i’in § , such fhaf:'

Czuation 1.6

Y=[5 o *q PR >E]7

Research Supported by AFOSR (1978-1982)

1. The sampling distribution of neurons obtained by our intracellular,
cortical recording procedure was investigated. The sample of HRP-identified
neurons was found to be essentially equivalent to that seen in-situ (determined
from Golgi-stained sections of these cortical regions). Seventy percent (70%) of
penetrations were of cells in layers III and V, and 70% of the penetrations were
of pyramidal shaped cells. There was a slight tendency to over-sample neurons
with extensive dendritic arborizations. Samplings of every major morphologically
identified in-situ neuronal type were obtained by our electrophysiological
procedures (Sakai et al., Brain Res., 1978).

2. The response properties of penetrated neurons to injected polarizing
currents were investigated and found to be normal. The accommodative response to
ramp depolarizing currents was assessed; most responses were of the simple type
rather than ceiling or minimal gradient, (cf., Koike et al., Exp. Br. Res.,
1968a,b). Normal I-V plots and input resistance were also obtained. Several lines
of evidence suggested that many cortical neurons have dendrites that do not
support active propagation of action potentials and, instead, serve the
integrative process of neuronal information handling (Woody and Gruen,

Brain Res., 1978).

3. In-vitro calibrations of pressure microinjection techniques were obtained.
Controlled release of 100 femtoliter volumes was demonstrated. A number of other
laboratories are adopting this technique for testing local biologic effects of
pharmacologic agents (cf., Sakai et al., Neuropharmacol., 1979).
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4. Preliminary evaluations of effects of acetylcholine (ACh) and cyclic
GMP (cGMP) on cortical neurons were completed. These agents appear to have
similar effects on input resistance, ACh acting extracellularly on cell surface
receptors (of muscarinic type), cGMP acting intracellularly. The input resistance
is increased transiently by the effect of these agents alone and persistently by
application with cell depolarization sufficient to produce repeated discharge
(Woody et al., Brain Res., 1978).

It appears that neurotransmitters act in a dual manner in these cells, as in
others, to convey information. One action, the direct "neurotransmitter effect",
serves primarily to transmit information through the cell. The other action, the
"modulatory effect", serves to control adaptation as a function of the
information transmitted. The two actions are kept separated in the time-frequency
domain by different time courses of involved biochemical pathways; (cf., Klopf,
A.H., Brain Function and Adaptive Systems -— A Heterostatic Theory, AFCRL Dept.,
H133, 1972).

A third variable, depolarization included discharge, serves to make the
adaptation persistent rather than transient.

5. In a simulated neuron, consequences of propagative vs. non-propagative
dendritic membranes on information transfer were studied. With low rates of
current spread, graded changes in threshold produced graded changes in output
discharge. With high rates of current spread, the neuron became a bistable
(decisional) operator where spiking was enhanced if the threshold was below a
certain level and suppressed if above that level. The enhancement was
considerably more pronounced in neurons with non-propagative than with
propagative dendrites. With propagative dendrites a less intense input was needed
to initiate somatic spiking (Levine and Woody, Biol. Cybernetics, 1978).

6. Studies of the ability to morphologically identify types of neurons
responding to cholinergic agents were conducted using aceclidine, a cholino-
mimetic drug. Similar increases in input resistance were obtained with this drug
as with ACh and the effects could be blocked by atropine (a muscarinic receptor
blocker). One of the cells responding to aceclidine with an increased resistance
was identified by injection of HRP as a pyramidal cell of layer VI (Swartz et
al., Proc. West. Pharm. Soc., 1978).

7. Effects of acetylcholine (ACh) and cyclic GMP (cGMP) on input resis-
tance were studied in groups of morphologically identified neurons. HRP was
pressure injected into the cells after studying the effects of ACh. cGMP was also
applied intracellularly by pressure injection. Pyramidal cells of layers V and VI
responded to these agents with increases in resistance. The responsive neurons
included those of layer V activated antidromically by PT stimulation.

A comparison of the results of pressure injected cGMP with those of
intracellularly iontophoresed cGMP showed similar changes in resistance, but the
increase in firing rate after the hyperpolarizing iontophoresis did not occur
after pressure injection. The results suggest that cGMP and acetylcholine produce
similar effects in similar neurons of the motor cortex, the primary effect being
a conductance decrease. The increase in firing rate following application of
acetylcholine appears to be a separate effect of this agent, apart from that
supported by cGMP as a second messenger. This effect may arise from excitation of
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surrounding neurons presynaptic to the one recorded or from other, direct
conductance effects of acetylcholine binding at the neuronal receptors. (Swartz
and Woody, J. Neurobiol., 1979; Woody et al., Soc. Neurosci. Abstr., 1979).

8. Effects of low frequency PT stimulation on cortical neural excitability.
Antidromic stimulation of the pyramidal tract has been used successfully as a US
to produce conditioned learning (O’Brien et al., 1977). Effects of low frequency
4-6 Hz PT stimulation (stereotax. coord.: F 3.5, L 4.0, H 4.5) on cortical
neurons were investigated. Cortical cells activated antidromically responded
predominantly with reduced excitability to intracellularly applied current.
Cortical cells activated transsynaptically responded with increased intracellular
excitability. Those cells failing to respond showed no change in excitability
during the 5-15 minutes tested. (Tzebelikos and Woody, Brain Res. Bull., 1979).

9. The effects of US presentations on rates of discharge and excita-
bility to weak extracellular current were studied in single units of the
motor cortex. (Brons, Woody and Allon, J. Neurophysiol., 1982). The excitability
to weak (nA) extracellular electrical stimulation was measured among single
neurons of the pericruciate cortex of awake cats as a function of behavioral
state. Levels of neuronal excitability were compared 1) after classical
conditioning of a facial movement, 2) during extinction of the conditioned
response, and 3) during unpaired presentations of conditioned and unconditioned
stimuli (CS and US).

Neurons projective to facial muscles via polysynaptic corticofugal pathways
showed decreased levels of excitability to weak extracellular stimulation
following conditioning with forward pairing of the CS and US, extinction with
backward pairing of the stimuli, and presentations of the US alone. These changes
in excitability were attributable solely to the effects of US presentation and
were not distinguishably different during either conditioning or extinction of
the behavioral response. Small decreases in rates of spontaneous firing were
found to accompany the decreases in neural excitability.

The data support the conclusions that significant nonassociative changes in
neural excitablility occur during conditioning and extinction due to
presentations of the unconditioned stimulus. These changes support latent
inhibition, behaviorally, and the mechanism of these changes is different from
that of chances in postsynaptic excitability found, after conditioning, by
intracellular stimulation of similiar cortical neurons (Woody, Fed. Proc., 1982).
The increased excitability to intracellular currents facilitates performance of
the specific type of motor response that is acquired and is also latent, awaiting
a command signal that will cause the response to be initiated.

Further Details About Studies of Rapid Learning.

The rapidity of acquisition of conditioned motor responses was determined
after adding hypothalamic stimulation to click CS and glabella tap US. Our
analyses showed a two order-of-magnitude acceleration of the rate of acquisition
of a blink response over that achieved by pairing the same CS and US without
hypothalamic stimulation (Kim, Woody and Berthier, J. Neurophysiol., 1983).
Changes in the patterns of activity of single units of the motor cortex were
isomorphic with the development of the conditioned response (Woody, Kim and
Berthier, J. Neurophysiol., 1983).
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Additional findings were obtained following completion of the following
computer programs.

Computer Program

The program consists of three functional units: stimulus presentation and data
collection, histogram generation and display, and behavioral analysis and data
storage. Conditioned (CS), unconditioned (US), hypothalamic (HS), and
discriminative (DS) stimuli are presented in a timed sequence for ten second
trials of adaptation, conditioning, extinction, or delayed HS paradigms. Timing
of stimuli can be generated spontaneously for on line experiments or synchronized
to an analog tape pulse for analysis of prerecorded data. During each trial, five
seconds of EMG data encompassing all stimuli are sampled at 2 ms intervals from
the left and right orbicularis oculi and levator oris. Eight histograms are
generated from the data and displayed four each on Mime 100 and VT105 video
terminals. The histograms are averages of three trials and are normalized to the
tallest bin. The Mime 100 histograms are 400 ms displays encompassing the CS-US
period for each EMG. The VT105 histograms can be dynamically modified by keyboard
codes which can center histograms around any stimuli for any EMG and display from
100 to 1600 ms of data. .

The computer detects conditioned EMG responses using the criteria that 3
consecutive samples in the current trial plus 1 of the 2 previous trials plus the
average of those 3 trials must exceed 5 standard deviations above the mean of
spontaneous activity sampled for 400 ms before the CS. The response must be
detected between 100 ms after the CS and 20 ms before the US. If a response based
on these criteria is found, the three trials are individually stored on disc
while no response results in three trials being averaged before disc storage.

Results

The results of training cats with click CS, tap US, hypothalamic stimulation
(HS), and an added hiss DS are shown in Figure 5. They indicate that, with this
paradigm, discriminative responses to the CS are acquired within 9 trials. The
rate of acquisition is two orders of magnitude faster then when HS is omitted and
permits intracellular recording from cortical neurons while learning takes place.
The latencies of the CRs range between 100 and 300 ms,

Short latency activation of cortical units in response to hypothalamic
stimulation is predictive of an effective locus of hypothalamic stimulation for

producing enhanced rate of learning. (Woody, Kim, and Berthier, J. Neurophysiol.,
1983).
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Figure 5. Rapidity of Conditioning and Latency of CR’s

Development of EMG responses of different latencies to CS (Solid line) or DS
(Dashed line) in 8 cats during conditioning. Responses were defined as EMG
responses of greater than 5 sd above the pre-CS (spontaneous) mean. During
training, CRs increased with trials reaching asymptote (74% CRs) within 9 trials.
Responses were classified into four windows (0-80 ms, 101-200 ms, 201-260 ms,
261-300 ms; top to bottom, respectively). Cats made more responses to the CS than
DS when responses of greater than 101 ms were analyzed. During extinction cats
made more responses to the CS than to the DS, but by the ninth trial of
extinction there was little responding to either the CS or DS.
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the development and performance of learned motor responses. The Physiologist.
17: 49-69, 1974.

Woody, C.D. Changes in activity and excitability of cortical auditory
receptive units of the cat as a function of different behavioral
states. Ann. NY Acad. Sci. 290: 180-199, 1977.

Woody, C.D. Acquisition of conditioned facial reflexes in the cat: cortical
control of different facial movements. Fed. Proc. 41: 2160-2168, 1982a.

Woody, C.D. (Ed.) Conditioning: Representation of Involved Neural Functions.
Plenum, New York, 1982b, pp. 1-748.

Woody, C.D., Alkon, D.L., and Hay, B. Depolarization-induced effects of
intracellularly applied calcium-calmodulin dependent protein kinase in neurons
of the motor cortex of cats. Brain Res. 321:192-197, 1984.

Woody, C.D., Bindman, L.J., Gruen, E., and Betts, B. Two different mechanisms
control inhibition of spike discharge in neurons of cat motor cortex after
stimulation of the pyramidal tract. Brain Res. 332:369-375, 1985.

Woody, C.D. and Black-Cleworth, P. Differences in excitability of cortical
neurons as a function of motor projection in conditioned cats.
J. Neurophysiol. 36: 1104-1116, 1973.

Woody, C.D. and Engel, J., Jr. Changes in unit activity and thresholds to
electrical microstimulation at coronal-pericruciate cortex of cat with

classical conditioning of different facial movements. J. Neurophysiol. 35:
230-241, 1972.

Woody, C.D. and Gruen, E. Characterization of electrophysiological properties
of intracellularly recorded neurons in the neocortex of awake cats: a

comparison of the response to injected current in spike overshoot neurons.
Brain Res. 158: 343-357, 1978.
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Woody, C.D. and Gruen, E. Acetylcholine reduces net outward currents measured
in vivo with single electrode voltage clamp techniques in neurons of the motor
cortex of cats. Brain Res. 424:193-198, 1987.

Woody, C.D., Gruen, E., and McCarley, K. Intradendritic recordings from
neurons of the motor cortex of :cats. J. Neurophysiol. 50:925-938, 1984.

Woody, C.D., Kim, E.H.-J., and Berthier, N.E. Effects of hypothalamic
stimulation on unit responses recorded from neurons of sensorimotor cortex of
awake cats during conditioning. J. Neurophysiol. 49: 780-791, 1983.

Woody, C.D., Knispel, J.D., Crow, T.J. and Black-Cleworth, P. Activity and
excitability to electrical current of cortical auditory receptive neurons of
awake cats as affected by stimulus association. J. Neurophysiol. 39:
1045-1061, 1976.

Woody, C.D., Oomura, Y., Gruen, E., Miyake, J., and Nenov, V. Attempts to
rapidly condition increased activity to click in single cortical neurons of
awake cats using glabella tap and iontophoretically applied glutamate.

Soc. Neurosci. Abstr. 10:25, .1984.

Woody, C.D., Sakai, H., Swartz, B., Sakai, M. and Gruen, E. Responses of
morphologically identified mammalian, neocortical neurons to acetylcholine
(ACh), aceclidine (Acec), and cyclic GMP (cGMP). Soc. Neurosci. Abstr. 5: 601,
1979.

Woody, C.D., Swartz, B.E. and Gruen, E. Effects of acetylcholine and cyclic
GMP on input resistance of cortical neurons in awake cats. Brain Res. 158:
373-395, 1978.

Woody, C.D., Vassilevsky, N.N. and Engel, J. Jr. Conditioned eyeblink: unit
activity at coronal-pericruciate cortex of the cat. J. Neurophysiol. 33:
851-864, 1970.

Woody, C.D. and Gruen, E. Acetylcholine reduces net outward currents measured
in vivo with single electrode voltage clamp techniques in neurons of the motor
cortex of cats. Brain Res. 424:193-198, 1987.

Woody, C.D. and Gruen, E. Evidence that acetylcholine acts in vivo in layer V
pyramidal cells of cats via cyclic GMP and a cyclic GMP-dependent protein
kinase to produce a decrease in an outward current. In: Neurotransmitters

and Cortical Function, M. Avoli, T.A. Reader, R.W. Dykes, and P. Gloor,
(Eds.), Plenum Press, New York and London, 1988, pp. 313-319.

Woody, C.D., Bartfai, T., Gruen, E., and Nairn, A.C. Intracellular injection
of cGMP-dependent protein kinase results in increased input resistance in
neurons of the mammalian motor cortex. Brain Res. 386:379-385, 1986.

Woody, C.D., Gruen, E., Sakai, H., Sakai, M., Swartz, B. Responses of
morphologically identified cortical neurons to intracellularly injected cyclic
GMP. Exp. Neurol., 91:580-595, 1986.

(For other references by Woody, see p. 31, ff.)
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:: IV. PUBLICATIONS SUPPORTED BY AFOSR Contract F49620-~-85-C-0077

&

f (June 1, 1985, to May 30, 1988)

& 1. Aou, S., Woody, C.D., Chapman, C.D., Oomura, Y., Nishino, H. Reduced

N afterhyperpolarization and rapid activation of cortical cells produced by

N electrical stimulation of hypothalamus in monkey and cat. Soc. Neurosci. Abstr.
K 11:983, 1985.

X

o 2. Woody, C.D., Nenov, V., Gruen, E., Donley, P. A voltage—dependent,

» 4-aminopyridine sensitive, outward current studied in vivo in cortical neurons
L of awake cats by voltage squeeze techniques. Soc. Neurosci. Abstr. 11:955,

& 1985.

. 3. Holmes, W.R. and Woody, C.D. Some effects of non-uniform distributions of

R synaptic conductance inputs on spines as modeled in a cortical pyramidal cell.
X Soc. Neurosci. Abstr. 11:856, 1985.

J

)

;s 4. Bartfai, T.. ‘loody, C.D., Gruen, E., Nairn, A., Greengard, P. Intracellular

i injection of cGMP-dependent protein kinase results in increased input

® resistance in neurons of the mammalian motor cortex. Soc. Neurosci. Abstr.

? 11:1093, 1985.

:* 5. Woody, C.D., Bindman, L.J., Gruen, E., and Betts, B. Two different mechanisms
& control inhibition of spike discharge in neurons of cat motor cortex after

i stimulation of the pyramidal tract. Brain Res. 332:369-375, 1985.

o 6. Alkon, D.L., Wooedy, C.D. (Eds.) Neural Mechanisms of Conditioning, Plenum

Al Press, New York and London, 1986.

) 7. Birt, D., Aou, S., and Woody, C.D. Intracellular effects of CS and US
1 presentations in cells of the motor cortex of awake cats.
Soc. Neurosci. Abstr., 12:555, 1986.

8. Aou, S., Birt, D. and Woody, C.D. Activity and excitability of neurons of the
cat pericruciate cortex after rapid acquisition of conditioned blink responses

6 and during extinction. Soc. Neurosci. Abstr., 12:555, 1986.

<

® 9. Woody, C.D. and Gruen, E. In-vivo effects of acetylcholine (ACh) and cGMP

5 dependent protein kinase (cGPK) on outward currents of neurons of the motor
r.. cortex of awake cats. Soc. Neurosci. Abstr. 12:725, 1986.

{) 10. Woody, C.D., Berthier, N.E., Kim, E.H.-J. Rapid conditioning of an eye blink
-, reflex in cats. In: Neural Mechanisms of Conditioning, Alkon, D.L. and Woody,
@ C.D. (Eds.), Plenum Press, New York and London, 1986, pp. 151-165

Y

ﬁ 11. Woody, C.D. Understanding the cellular basis of memory and learning.

D Ann. Rev. Psychol., 37:433-493, 1986.

) ”

*D

' 12. Matsumura, M. and Woody, C.D. Long-term increases in excitability of facial

motoneurons in and near the facial nuclei after presentations of stimuli
K leading to acquisition of a Pavlovian conditioned facial movement.
Neurosci. Res., 3:568-589, 1986.
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Woody, C.D., Bartfai, T., Gruen, E., and Nairn, A.C. Intracellular injection
of cGMP-dependent protein kinase results in increased input resistance in
neurons of the mammalian motor cortex. Brain Res. 386:379-385, 1986.

Woody, C.D. and Gruen, E. Responses of morphologically identified cortical
neurons to intracellularly injected cyclic AMP. Exp. Neurol., 91:596-612, 1986.

Woody, C.D., Gruen, E., Sakai, H., Sakai, M., Swartz, B. Responses of
morphologically identified cortical neurons to intracellularly injected cyclic
GMP. Exp. Neurol., 91:580-595, 1986.

Birt, D., Aou, S., and Woody, C.D. Techniques for analyzing adaptive change in
complex neural systems. Soc. Neurosci. Abstr. 13:673, 1987.

Baranyi, A., Szente, M.B., and Woody, C.D. Intracellular injection of phorbol
esters induces long-term changes of postsynaptic responses in voltage-clamped
cells of the motor cortex of awake cats. Soc. Neurosci. Abstr. 13:1355, 1987.

Szente, M.B., Baranyi, A. and Woody, C.D. Intracellular injection of phorbol
esters increases excitability of neurons of the motor cortex of awake cats.
Soc. Neurosci. Abstr. 13:1355, 1987.

Woody, C.D., Birt, D., and Gruen, E. In-vivo effects of Pavlovian conditioning
on currents measured in neurons of the motor cortex of awake cats with single
electrode voltage clamp techniques. Soc. Neurosci. Abstr. 13:609, 1987.

Hirano, T., Woody, C., Birt, D., Aou, S., Miyake, J., and Nenov, V. Pavlovian
conditioning of discriminatively elicited eyeblink responses with short onset
latency attributable to lengthened interstimulus intervals. Brain Res.,
400:171-175, 1987.

Woody, C.D. and Gruen, E. Acetylcholine reduces net outward currents measured
in vivo with single electrode voltage clamp techniques in neurons of the motor
cortex of cats. Brain Res. 424:193-198, 1987.

Woody, C.D. Reflex Learning. In: Encyclopedia of Neurcscience, G. Adelman,
(Ed.), Vol. II, pp. 1032-1035, Birkhauser Boston, Inc., 1987.

Baranyi, A., Szente, M.B., and Woody, C.D. Intracellular injection of phorbol
ester increases the excitability of neurons of the motor cortex of awake cats.
Brain Res. 424:396-401, 1987.

Baranyi, A., Szente, M.B., and Woody, C.D. Activation of protein kinase C
induces long-term changes of postsynaptic currents in neocortical neurons.
Brain Res., 440:341-347, 1988.

Woody, C.D. and Gruen, E. Evidence that acetylcholine acts in vivo in layer V
pyramidal cells of cats via cyclic GMP and a cyclic GMP-dependent protein
kinase to produce a decrease in an outward current. In: Neurotransmitters

and Cortical Function, M. Avoli, T.A. Reader, R.W. Dykes, and P. Gloor, (Eds.),
Plenum Press, New York and London, 1988, pp. 313-319.

Woody, C.D. Is conditioning supported by modulation of an outward current in
pyramidal cells of the motor cortex of cats? In: Cellular Mechanisms of
Conditioning and Behavioral Plasticity”, C.D. Woody, D. L. Alkon, and J. L.
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McGaugh (Eds.), Plenum Press, New York and London, 1988, pp. 27-35.

Aou, S., Oomura, Y., Woody, C.D., and Nishino, H. Effects of behaviorally
rewarding hypothalamic electrical stimulation on intracellularly recorded

neuronal activity in the motor cortex of awake monkeys. Brain Res., 439:31-38,
1988. -

Berthier, N. and Woody, C.D. In vivo properties of neurons of the precruciate
cortex of cats. Brain Res. Bull., in press.

Sakai, H. and Woody, C.D. Relationships between axonal diameter, soma size,
and axonal conduction velocity of HRP-filled, pyramidal tract cells of awake
cats. Brain Res., in press

Szente, M.B., Baranyi, A. and Woody, C.D. Intracellular injection of apamin
reduces a slow potassium current mediating afterhyperpolarizations and IPSPs in
neocortical neurons of cats. Brain Res., in press.
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ADDITIONAL PUBLICATIONS SUPPORTED BY EARLIER AFOSR RESEARCH, 1976-1985

1. Woody, C.D., Buerger, A.A., Ungar, R.A. and Levine, D.S. Modeling aspects of
learning by altering biophysical properties of a simulated neuron.
Biological Cybernetics 23: 73-82, 1976.

0 2. Woody, C.D., Carpenter, D.0O., Gruen, E., Knispel, J.D., Crow, T.W. and
K Black-Cleworth, P. Persistent increases in membrane resistance of neurons in
cat motor cortex. AFRRI Scientific Report, February, 1976, pp. 1-31.

o 3. Woody, C.D., Rnispel, J.D., Crow, T.J. and Black-Cleworth, P. Activity and
excitability to electrical current of cortical auditory receptive neurons of

[ awake cats as affected by stimulus association. J. Neurophysiol. 39: 1045-1061,
- 1976.
l

1. Woody, C.D. Alterations in neuronal excitability supporting sensorimotor

4 integration. Proc. Intl. Union Physiol. Sci. 12: 604, 1977.

U

\J

3

¥ 2. Sakai, M., Sakai, H. and Woody, C. Identification of intracellularly recorded
u neocortical neurons by intracellular pressure microinjection of horseradish
; peroxidase (HRP) and in vivo biopsy. Fed. Proc. 36: 1294, 1977.

4. Woody, C.D., Swartz, B.E. and Gruen, E. Persistent, correlated effects of
acetylcholine (ACh) and Cyclic GMP (cGMP) on input resistance of neocortical
neurons of awake cats. Proc. Intl. Union Physiol. Sci. 13: 820, 1977.

Pl

4. Woody, C.D. 1If cyclic GMP is a neuronal second messenger, what is the message?
¥, In: Cholinergic Mechanisms and Psychopharmacology, D.E. Jenden, Ed. Plenum, New
; York, 1977, pp. 253-259.

? 5. Woody, C.D. Changes in activity and excitability of cortical auditory
o receptive units of the cat as a function of different behavioral states.
Ann. New York Acad. Sci. 290: 180-199, 1977.

6. Sakai, M., Sakai, H. and Woody, C. Intracellular staining of cortical neurons

. by pressure microinjection of horseradish peroxidase and recovery by core

A biopsy. Exp. Neurol. 58: 138-144, 1978.

6 7. Sakai, M., Sakai, H. and Woody, C.D. Sampling distribution of intracellularly

i recorded cortical neurons identified by injection of HRP. Fed. Proc. 37: 251,
1978.

) 8. Sakai, M., Swartz, B.E. and Woody, C.D. Measurements of volume ejected in vitro
through fine tipped glass microelectrodes by the pressure microinjection
o technique. Western Nerve Net Abstr., 1978.(c)

e 9. Swartz, B.E., Woody, C.D. and Jenden, D.J. The effects of aceclidine, a
muscarinic agonist on neurons in the sensorimotor cortex of awake cats.
Proc. West. Pharm. Soc. 21: 11-17, 1978.

X
e

W,

(J 10. Woody, C.D. A possible role for cyclic GMP (cGMP) as an intracellular messenger
N for acetylcholine (ACh) at muscarinic synapses in the mammalian cortex. In:

N Iontophoresis and Transmitter Mechanisms in the Mammalian Central Nervous

. System, R.W. Ryall and J.S. Kelly, Eds., Elsevier/North Holland, Inc., New
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York, 1978.

Wong, B. and Woody, C.D. Recording intracellularly with potassium ion sensitive
electrodes from single cortical neurons in awake cats. Exp. Neurol., 61:
219-225, 1978.

Woody, C.D. and Gruen, E. Characterization of electrophysiological properties
of intracellularly recorded neurons in the neocortex of awake cats: a
comparison of the response to injected current in spike overshoot neurons.
Brain Res., 158: 343-357, 1978.

Woody, C.D., Swartz, B.E. and Gruen, E. Effects of acetylcholine and cyclic GMP
on input resistance of cortical neurons in awake cats. Brain Res., 158:
373-395, 1978.

Sakai, M., Sakai, H. and Woody, C. Sampling distribution of morphologically
identified neurons of the coronal- pericruciate cortex of awake cats following
intracellular injection of HRP. Brain Res., 152: 329-333, 1978.

Buchhalter, J., Brons, J. and Woody, C. Changes in cortical neuronal
excitability after presentations of a compound auditory stimulus. Brain Res.,
156: 162-167, 1978.

Levine, D.S. and Woody, C.D. Effects of active versus passive dendritic
membranes on the transfer properties of a simulated neuron. Biol. Cybernetics,
31: 63-70, 1978.

Sakai, M., Swartz, B.E. and Woody, C.D. Controlled microrelease of
pharmacologic agents: measurements of volume ejected in vitro through fine
tipped glass microelectrodes by pressure. Neuropharmacol. 18: 209-213, 1979.

. Swartz, B.E. and Woody, C.D. Correlated effects of acetylcholine and cyclic
guanosine monophosphate on membrane properties of mammalian neocortical
neurons. J. Neurobiol. 10: 465-488, 1979.

. Tzebelikos, E. and Woody, C.D. Intracellularly studied excitability changes in
coronal-pericruciate neurons following low frequency stimulation of the
corticobulbar tract. Brain Res. Bull. 4: 635-641, 1979.

. Woody, C.D., Sakai, H., Swartz, B., Sakai, M., and Gruen, E. Responses of
morphologically identified mammalian, neocortical neurons to acetylcholine
(ACh), aceclidine (Acec) and cyclic GMP (cGMP). Soc. Neurosci. Abstr. 5: 601,
1979.

. Kim, H-J. and Woody, C.D. Facilitation of eye-blink conditioning by hypothalmic
stimulation. Soc. Neurosci. Abstr. 5: 319, 1979.

. Brons, J. and Woody, C.D. Changes in responsiveness to glabella tap among
neurons in the sensorimotor cortex of awake cats. Soc. Neurosci. Abstr. 5: 314,
1979.

. Sakai, H. and Woody, C.D. Identification of auditory responsive cells in the
coronal-pericruciate cortex of awake cats. J. Neurophysiol. 44: 223-231, 1980.

. Nahvi, M.J., Woody, C.D., Tzebelikos, E., and Ribak, C.E. Electrophysiological

T A oM N SN S S L) LA TR AP AT ST
L - Ll B A UM N » .- . ~



s i eV sk At st B ik S b Vad’ . vl 0.0 Vel fal ®ab 02t vat Yata atavat"AVa ¥t 0 Va2 e A a2 a1 602 A% Y2 £%2 8" 2:4%2 22 A a 8" s 0" Vo gta Bia Pia | i dig B ..i

PAGE 36 )

characterization of morphologically identified neurons in the cerebellar cortex
of awake cats. Exp. Neurol. 67: 368-376, 1980.

19. Ribak, C.E., Woody, C.D., Nahvi, M.J., and Tzebelikos, E. Ultrastructural
identification of physiologically recorded neurons in the cat cerebellum.
Exp. Neurol. 67: 377-390, 1980. \

20. Brons, J.F. and Woody, C.D. Long-term changes in excitability of cortical I
neurons after Pavlovian conditioning and extinction. J. Neurophysiol. 44:
605-615, 1980.

24. Woody, C.D. and Gruen, E. Effects of cyclic nucleotides on morphologically
identified cortical neurons of cats. Proc. Int. Union Physiol. Sci. 14: 789,
1980. o

26. Woody, C.D. Studies of conditioning and other forms of adaptation in the
mammalian CNS, In: Cellular Analogues of Conditioning and Neural Plasticity Ed.
Feher, 0., and Joo, F. Advances in Physiological Science, Pergamon Press and
Akademiai Kiado, Oxford, 36: 117-128, 1981.

27. Berthier, N.E., Betts, B.; and Woody, C.D. Rapid conditioning of eyeblink
reflex: response topography. Soc. Neurosci. Abstr. 7:750, 1981.

21. Woody, C.D. and Wong, B. Intracellular recording of potassium in neurons of the
motor cortex of awake cats following extracellular applications of
acetylcholine. In: Ion-Selective Microelectrodes and Their Uses in
Excitable Tissues (E. Sykova and L. Vyklicky, Eds). Plenum Press, New York, pp.
125-132, 1981.

22, Woody, C.D., Ribak, C.E., Sakai, M., Sakai, H., and Swartz, B. Pressure X
microinjection for the purposes of cell identification and subsequen* ultra- .

{ microscopic analysis. In: Current Trends in Morphological Techniques. Vol. II R
! (Ed. J.E. Johnson, Jr.), CRC Press, Inc., pp. 219-240, 1981. L

30. Berthier, N.E., Betts, B., and Woody, C.D. Discriminative conditioning of
eyeblink with aversive brain stimulation. Soc. Neurosci. Abstr. 8:315, 1982.

v_ .

>

1 31. Bindman, L., Woody, C.D., Gruen, E., and Betts, B. PT stimulation produces
‘ conductance IPSPs in neurons of the motor cortex of cats. Soc. Neurosci. Abstr.
¢ 8:540, 1982.
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32. Wallis, R.A., Woody, C.D., and Gruen, E. Effects of intracellular pressure
| injections of calcium ions in morphologically identified neurons of cat motor »
y cortex. Soc. Neurosci. Abstr. 8:909, 1982. )

L 23. Brons, J., Woody, C.D., and Allon, N. Changes in the excitability to weak
intensity electrical stimulation of units of the pericruciate cortex in cats.
J. Neurophysiol. 47:377-388, 1982.

- N X _E_m

) 25. Matsumura, M. and Woody, C.D. Excitability changes of facial motoneurons of
cats related to conditioned and unconditioned facial motor responses. In:
Woody, C.D. (Ed.) Conditioning: Representation of Involved Neural Functions.
New York: Plenum, 1982, pp. 451-458. -

24. Woody, C.D. Memory, Learning, and Higher Function: A Cellular View. .
Springer-vVerlag, New York, 1982, pp. 1-483.
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26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Woody, C.D. Acquisition of conditioned facial reflexes in the cat: cortical
control of different facial movements. Fed. Proc. 41:2160-2168, 1982,

Woody, C.D. (Ed.) Conditioning: Representation of Involved Neural Functions.
New York: Plenum, 1982, pp. 1-748.

Woody, C.D. Neurophysiologic correlates of latent facilitation. In: Woody, C.D.
(Ed.) Conditioning: Representation of Involved Neural Functions. New York:
Plenum, 1982, pp. 233-248.

Kim, E.H.-J., Woody, C.D., and Berthier, N.E. Rapid acquisition of conditioned
eye blink responses in cats following pairing of an auditory CS with glabella
tap US and hypothalamic stimulation. J. Neurophysiol. 49: 767-779, 1983.

Woody, C.D., Kim, E.H.-J., and Berthier, N.E. Effects of hypothalamic
stimulation on unit responses recorded from neurons of sensorimotor cortex of
awake cats during conditioning. J. Neurophysiol. 49: 780-791, 1983.

Allon, N. and Woody, C.D. Epileptiform activity induced in single cells of the
sensorimotor cortex of the cat by intracellularly applied scorpion venom.
Exper. Neurol. 80: 491-497, 1983.

Wogdy, C.D., Alkon, D.L., and Hay, B. Depolarization-induced effects of
Ca” -calmodulin-dependent protein kinase injection, in vivo, in single
neurons of cat motor cortex. Brain Res. 321:192-197, 1984.

Woody, C.D. The electrical excitability of nerve cells as an index of learned
behavior. In: Alkon, D. and Farley, J., Eds. Princeton Symposium on "Primary
Neural Substrates of Learning and Behavioral Change", Cambridge: Cambridge
University Press, 1984, pp. 101-127.

Berthier, N.E. and Woody, C.D. An essay on latent learning. In: N. Butters and
L.R. Squire (eds.), The Neuropsychology of Memory. New York: Guilford Press,
1984, pp. 504-512.

Woody, C.D. Studies of Pavlovian eyeblink conditioning in awake cats. In:
Lynch, G., McGaugh, J.L., and Weinberger, N.M., Neurobiology of Learning
and Memory. New York: Guilford Press, 1984, pp. 181-196.

Woody, C.D., Gruen, E., and McCarley, K. Intradendritic recordings from neurons
of the motor cortex of cats. J. Neurophysiol. 50:925-938, 1984.

Swartz, B.E., and Woody, C.D. Effects of intracellular antibodies to cGMP on
responses of cortical neurons of awake cats to extracellular application of
muscarinic agents. Exp. Neurol. 86:388-404, 1984.

Woody, C.D., Bindman, L.J., Gruen, E., and Betts, B. Two different mechanisms
control inhibition of spike discharge in neurons of cat motor cortex after
stimulation of the pyramidal tract. Brain Res. 332:369-375, 1985.
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V. PROFESSIONAL PERSONNEL ASSOCIATED WITH THE RESEARCH EFFORT

Charles D. Woody, M.D.*
Nahum Allon, Ph.D.
Shuji Aou, M.D., Ph.D.*
Tamés Bartfai, Ph.D.
Neil E. Berthier, Ph.D.
Lynn J. Bindman, Ph.D.
Dorwin Birt, Ph.D.*

C. D. Chapman, Ph.D.
Haing-Ja Kim, Ph.D.
Michukazu Matsumura, Ph.D.
Attila Baranyi, Ph.D.*

Magdolna Szente, Ph.D.*

Abbreviated curriculum vicae attached.

*Current personnel
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CURRICULUM VITAE

Charles Dillon Woody

Date and Place of Birth: February 6, 1937, Brooklyn, New York

Marital Status:

Education:

1977 -

1983 (summer)

1982 (summer)

1976 - 1977
1971 - 1976
1968 - 1971
1967 - 1968
1964 - 1967
1963 - 1964
1962 - 1963
1960 - 1961

1959 (summer)

AW ® N
\ ~, \
) ", a by

Married
1957 - A.B. Princeton University

1962 - M.D. Harvard Medical School
(Magna Cum Laude)

POSITIONS HELD

Professor, Anatomy, Psychiatry and Biobehavioral Science,
UCLA (in Residence)

Distinguished Visiting Professor, National Institute for
Physiological Sciences, Okazaki, Japan

Research Scientist, Marine Biological Laboratory,
Woods Hole, Massachusetts

Associate Professor of Anatomy, Psychiatry, and Biobehavioral
Sciences, University of California at Los Angeles,in Residence

Associate Professor of Anatomy, Physiology, and Psychiatry,
University of California at Los Angeles, in Residence

Research Officer (permanent), Laboratory of Neural Control,
NINDS, NIH, Bethesda, Maryland

Harvard Moseley Fellow with Dr. Jan Bures, Institute of
Physiology, Czechoslovakian Academy of Sciences, Prague,
Czechoslovakia

Research Associate, Laboratory of Neurophysiology, NIMH, NIH,
Bethesda, Maryland

Research Fellow in Neurology, Harvard Medical School,
Resident in Neurology, Boston City Hospital, Boston

Intern in Medicine, Strong Memorial Hospital,
University of Rochester, Rochester, New York

NIH Post-sophomore Research Fellow at Stanley Cobb Laboratory,
Massachusetts General Hospital, Harvard Medical School, Boston

Research Assistant, Communications Biophysics Group,

Massachusetts Institute of Technology, Cambridge, Massachusetts
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HONORS AND FELLOWSHIPS

Leon Resnick Prize for promise in research, Harvard Medical School, 1962
Moseley Fellowship (Harvard Medical School), 1967-1968
Nightingale Prize (Biol. Engng. Soc. and Internat. Fed. Med. Biol. Engng.
for best paper - International Journal: Med. Biol. Engng. 1966-1968) 1969
Honorary Member, Pavlovian Institute, U.S.S.R., 1972
Representative of Society for Neuroscience to Physiological Reviews, 1974-1980
Member, Brain Research Institute aid Mental Retardation Research Center, UCLA
Member, Neuroscience Committee supervising the UCLA Medical Center Graduate
Program in Neuroscience, 1975-85, 1986-present.
Vice-Chair, UCLA Graduate Council, 1985-86
Bing Fellowship, National Academy of Science, Visiting Scientist to USSR and
Czechoslovakia, 1972
Chairman, Session on "Brain and Behavior", FASEB Annual Meeting, 1973
Chairman, Session on "Behavior and Conditioning", International Congress of
Physiological Science, New Delhi, 1974
Invited Research Scientist and Lecturer at Kyoto University Primate Center,
Japan; sponsored by Japan Society for the Promotion of Science, 1975
Chairman, Session on "Behavior and Neurcethology", FASEB Annual Meeting, 1977
Invited Panelist, Session on "Association Systems and Sensorimotor Integration",
International Physiological Congress, Paris, 1977
Chairman, Session on "Neurotransmitters", Soc. for Neuroscience, October, 1979
Exchange Fellowship # ard, National Academy of Science, Prague, 1979
Consultant to Publications Committee, American Physiologic Society, 1980
Consultant, Biopsychology Study Section, NIMH, 1981
Chairman, Session on "Learning and Memory", Society for Neuroscience,
October, 1983
Distinguished Visiting Professor, National Institute for Basic Biology, Japan,
1983
Invited Speaker, Plenary Session, Society for Neurosciences Annual Meeting,
Washington, D.C., 1986
Invited Organizer, International Union of Physiological Sciences, XXX
International Congress, Satellite Symposium on "Cellular Mechanisms of
Conditioning and Behavioral Plasticity", Seattle, WA, 1986
Invited Contributor, Encyclopedia of Neuroscience, 1987

*

]

EDITORIAL SERVICE AND RESEARCH CONSULTING

Member, Editorial Board, Physiological Reviews 1974-1980

Editor, Soviet Research Reports, UCLA Brain Information Service

Member, Editorial Board, Brain Research Bulletin

Member, Editorial Board, Neuroscience and Behav. Physiol.

Member, Board of Editorial Commentators, Current Commentary in Behavioral
and Brain Sciences

Reviewer for EEG. Clin. Neurophysiol., Physiol. Behav., J. Comp. Physiol.
Psychol., Behav. and Neural Biol., J. Neurophysiol., Exper. Neurol.,
TINS, Neuroscience, Brain Res., Exp Brain Res., Science.

Site Visitor at Irvine Medical Center for Extramural Research Branch NIAAA

Consultant, National Institute of Mental Health, Basic Psychopharmacology and
Neuropsychology Research Review

Grant Proposal Reviewer, NSF, NIH, ADAMHA, NIMH
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RECENT PUBLICATIONS

Kim, E.H.-J., Woody, C.D., and Berthier, N.E. Rapid acquisition of conditioned
eye blink responses in cats following pairing of an auditory CS with glabella tap
US and hypothalamic stimulation. J. Neurophysiol. 49: 767-779, 1983.

Woody, C.D., Kim, E.H.~J., and Berthier, N.E. Effects of hypothalamic stimulation
on unit responses recorded from neurons of sensorimotor cortex of awake cats
during conditioning. J. Neurophysiol. 49: 780-791, 1983.

Allon, N. and Woody, C.D. Epileptiform activity induced in single cells of the
sensorimotor cortex of the cat by intracellularly applied scorpion venom. Exper.
Neurol. 80: 491-497, 1983,

Holmes, W.R. and Woody, C.D. Effects on input currents of local increases in
membrane resistance in cortical pyramidal cell dendrites explored using a passive
cable model for determining the transient potential in a dendritic tree of known
geometry. Soc. Neurosci. Abstr. 9:603, 1983,

Berthier, N.E. and Woody, C.D. Current-voltage relaticnships of pericruciate
cortical neurons of awake cats using a computer assisted method. Soc. Neurosci.
Abstr. 9:680, 1983.

Cooper, P.H. and Woody, C.D. Effects of L-glutamate and L-glutamic acid diethyl
ester (GDEE) on the response of cortical units to hypothalamic stimulation. Soc.
Neurosci. Abstr. 9:330, 1983.

Birt, D. and Woody, C.D. Patterns cf response to a behavioral US among neurons of
the sensorimotor cortex of awake and anesthetized cats. Soc. Neurosci. Abstr.
9:330, 1983.

Woody, C.D., Alkon, D.L., and Hay, B. Depolarization-induced effects of
intracellularly applied calcium-calmodulin dependent protein kinase in neurons of
the motor cortex of cats. Soc. Neurosci. Abstr. 9:602, 1983.

Woagy, C.D., Alkon, D.L., and Hay, B. Depolarization-induced effects of
Ca” -calmodulin-dependent protein kinase injection, in vivo, in single neurons
of cat motor cortex. Brain Res. 321:192-197, 1984.

. Woody, C.D. The electrical excitability of nerve cells as an index of learned

behavior. In: Alkon, D. and Farley, J., Eds. Princeton Symposium on "Primary
Neural Substrates of Learning and Behavioral Change", Cambridge: Cambridge
University Press, 1984, pp. 101-127.

. Berthier, N.E. and Woody, C.D. An essay on latent learning. In: N. Butters and

L.R. Squire (eds.), The Neuropsychology of Memory. New York: Guilford Press,
1984, pp. 504-512.

. Woody, C.D. Studies of Pavlovian eyeblink conditioning in awake cats. In: Lynch,

G., McGaugh, J.L., and Weinberger, N.M. » Neurobiology of Learning and

Memory. New York: Guilford Press, 1984, pp. 181-196.
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13. Woody, C.D., Gruen, E., and McCarley, K. Intradendritic recordings from neurons
of the motor cortex of cats. J. Neurophysiol. 51:925-938, 1984.

2o

14. Holmes, W.R., and Woody, C.D. Some effects of tonic afferent activity on input
from individual synapses as modeled in a cortical pyramidal cell of known
morphology. Soc. Neurosci. Abstr., 10:1073, 1984.

15. Birt, D., and Woody, C.D. Intracellular consequences of US presentations in cells
of the motor cortex of cats. Soc. Neurosci. Abstr. 10:794, 1984.

16. wWoody, C.D., Oomura, Y., Gruen, E., Miyake, J., and Nenov, V. Attempts to rapidly
condition increased activity to click in single cortical neurons of awake cats
using glabella tap and iontophoretically applied glutamate.

Soc. Neurosci. Abstr., 10:25, 1984.

17. Aou, S., Woody, C.D., Oomura, Y., Nishino, H., and Lenard, L. Effect of
hypothalamic stimulation on intracellular neuron activity of motor cortex in
awake monkeys. Japan Soc. Neurosci. Abstr., 1984, in press.

18. Aou, S., Woody, C.D., Oomura, Y., and Nishino, H. Effects of reward-related
hypothalamic stimulation on neuron activity of the motor cortex in the monkey.
° Soc. Neurosci. Abstr. 10:312, 1984.

. 19. Swartz, B.E., and Woody, C.D. Effects of intracellular antibodies to cGMP on
h) responses of cortical neurons of awake cats to extracellular application of
muscarinic agents. Exp. Neurol. 86:388-404, 1984.

20. Woody, C.D., Bindman, L.J., Gruen, E., and Betts, B. Two different mechanisms
control inhibition of spike discharge in neurons of cat motor cortex after

;‘ stimulation of the pyramidal tract. Brain Research 332:369-375, 1985.
b 21, Bartfai, T., Woody, C.D., Gruen, E., Nairn, A., Greengard, P. Intracellular
[\ injection of cGMP-dependent protein kinase results in increased input resistance

in neurons of the mammalian motor cortex. Soc. Neurosci. Abstr. 11:1093, 1985.

=
2
»

B 22. Holmes, W.R. and Woody, C.D. Some effects of non-uniform distributions of

> synaptic conductance inputs on spines as modeled in a cortical pyramidal cell.

’ Soc. Neurosci. Abstr. 11:856, 1985.

’

d 23, Woody, C.D., Nenov, V., Gruen, E., Donley, P. A voltage~dependent,

iy 4-aminopyridine sensitive, outward current studied in vivo in cortical neurons of

- awake cats by voltage squeeze techniques. Soc. Neurosci. Abstr. 11:955, 1985.

[ 24, Aou, S., Woody, C.D., Chapman, C.D., Oomura, Y., Nishino, H. Reduced

v ) afterhyperpolarization and rapid activation of cortical cells produced by

o electrical stimulation of hypothalamus in monkey and cat. Soc. Neurosci. Abstr.

;; 11:983, 1985.

L

: 25. Woody, C.D. Understanding the cellular basis of memory and learning. Ann. Rev. _
; Psychol. 37:433-493, 1986. |
‘. 26. Alkon, D.L., Woody, C.D. (Eds.) Neural Mechanisms of Conditioning, Plenum Press,

>, New York and London, 1986, pp. 1-496.
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27. Woody, C.D., Berthier, N.E., Kim, E.H.-J. Rapid conditioning of an eye blink
) reflex in cats. In: Neural Mechanisms of Conditioning, Alkon, D.L. and Woody,
' C.D. (Eds.), Plenum Press, New York and London, 1986, pp. 151-165

» 28. Woody, C.D., Gruen, E., Sakai, H., Sakai, M., Swartz, B. Responses of

N morphologically identified cortical neurons to intracellularly injected cyclic
W GMP. Exp. Neurology, 91:580-595, 1986.

4.

ﬁ 29. Woody, C.D. and Gruen, E. Responses of morphologically identified cortical

neurons to intracellularly injected cyclic AMP. Exp. Neurology, 91:596-612, 1986.

{, 30. Woody, C.D. and Gruen, E. In-vivo effects of acetylcholine (ACh) and cGMP

N dependent protein kinase (cGPK) on outward currents of neurons of the motor
N cortex of awake cats. Soc. Neurosci. Abstr. 12:725, 1986.
x
31. Aou, S., Birt, D. and Woody, C.D. Activity and excitability of neurons of the
I cat pericruciate cortex after rapid acquisition of conditioned blink responses
K and during extinction. Soc. Neurosci. Abstr., 12:555, 1986.
4
) 32. Birt, D., Aou, S., and Woody, C.D. Intracellular effects of CS and US

N presentations in cells of the motor cortex of awake cats. Soc. Neurosci. Abstr.,
@ 12:555, 1986.

b

0 33. Disterhoft, J.F., Alkon, D.L., Brown, T.R., Byrne, J. H., Hille, B., McGaugh,

K J.L. and Woody, C.D. Symposium. Cellular substrates of learning and memory:
vertebrate and invertebrate mechanisms compared. Soc. Neurosci. Abstr., 12:558,

" 1986.

h 34. Woody, C.D., Bartfai, T., Gruen, E., and Nairn, A.C. Intracellular 1nject10n of
cGMP—dependent protein kinase results in increased input resistance in neurons of
. the mammalian motor cortex. Brain Res. 386:379-385, 1986.

35. Holmes, W.R. and Woody, C.D. The effectiveness of individual synapt:i. inputs
with uniform and nonuniform patterns of background synaptic activity.
In: Cellular Mechanisms of Conditioning and Behavioral Plasticity, C.D. Woody, D.
, L. Alkon, and J. L. McGaugh (Eds.), Plenum Press, New York and London, 1988.

N
N 36. Woody, C.D. Cyclic GMP (cGMP) and cGMP-dependent protein kinase (cGPK) can

- imitate a muscarinic action of acetylcholine (ACh) in layer V pyramidal cells of
® the cat motor cortex. European Society for Neurochemistry (ESN) Sixth General
) Meeting, Prague, September, 1986 (in press).

37. Holmes, W.R. and Woody, C.D. Effects of uniform synaptic "Activation-

v, distributions" on the cable properties of modeled cortical pyramidal neurons. J.
° Neurophysiol. in press, 1986.
F, 38. Woody, C.D., Gruen, E., Holmes, W., Nenov, V., Strecker, G.J., and Vivian,
b M. Outward currents measured in neocortical neurons of awake cats. J.
N Neurophysiol. in press, 1986.
; 39. Matsumura, M. and Woody, C.D. Long-term increases in excitability of facial
: motoneurons in and near the facial nuclei after presentations of stimuli leading
R to acquisition of a pavlovian conditioned facial movement. Neurosci. Res.,
:~ 3:568-589, 1986.
)
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fh’ 40. Woody, C.D. Reflex Learning. In: Encyclopedia of Neuroscience, G. Adelman,
ﬂ: (Ed.), Vol. II, pp. 1032-1035, Birkhauser Boston, Inc., 1987.
0

" 41. Hirano, T., Woody, C., Birt, D., Aou, S., Miyake, J., and Nenov, V. Pavlovian
o conditioning of discriminatively elicited eyeblink responses with short onset
h‘ latency attributable to lengthened interstimulus intervals. Brain Res.,
gﬁ: 400:171-175, 1987.

X

Do)

i?g 42. Woody, C.D., Birt, D., and Gruen, E. In-vivo effects of pavlovian conditioning
’ on currents measured in neurons of the motor cortex of awake cats with single
Y electrode voltage clamp techniques. Soc. Neurosci. Abstr. 13:609, 1987.

0y

:'J 43. Szente, M.B., Baranyi, A. and Woody, C.D. Intracellular injection of phorbol
n esters increases excitability of neurons of the motor cortex of awake cats. Soc.
it Neurosci. Abstr. 13:1355, 1987.

Ko 44. Baranyi, A., Szente, M.B., and Woody, C.D. Intracellular injection of phorbol
o esters induces long-term changes of postsynaptic responses in voltage-clamped
Vi

;4 cells of the motor cortex of awake cats. Soc. Neurosci. Abstr. 13:1355, 1987.

0‘; () -

N 45. Birt, D., Aou, S., and Woody, C.D. Techniques for analyzing adaptive change in
2’ complex neural systems. Soc. Neurosci. Abstr. 13:673, 1987.

)

o 46. Baranyi, A., Szente, M.B., and Woody, C.D. Intracellular injection of phorbol
W, ester increases the excitability of neurons of the motor cortex of awake cats.
) Brain Res. 424:396-401, 1987.

)

47. Woody, C.D. and Gruen, E. Acetylcholine reduces net outward currents measured in
W vivo with single electrode voltage clamp techniques in neurons of the motor
cortex of cats. Brain Res. 424:193-198, 1987.

o
fg 48. Woody, C.D. Is conditioning supported by medulation of an outward current ir
pyramidal cells of the motor cortex of cats? In: Cellular Mechanisms of
_ Conditioning and Behavioral Plasticity", C.D. Woody, D. L. Alkon, and J. L.

iy McGaugh (Eds.), Plenum Press, New York and London, 1988, pp. 27-35.

v

"

it 49. Woody, C.D. and Gruen, E. Evidence that acetylcholine acts in vivo in layer V
;jn pyramidal cells of cats via cyclic GMP and a cyclic GMP-dependent protein kinase
" to produce a decrease in an outward current. In: Neurotransmitters and Cortical
Qh Function, M. Avoli, T.A. Reader, R.W. Dykes, and P. Gloor, (Eds.), Plenum Press,
3 New York and London, 1988, pp. 313-319.

50. Baranyi, A., Szente, M.B., and Woody, C.D. Activation of protein kinase C
induces long-term changes of postsynaptic currents in neocortical neurons.
Brain Res., 440:341-347, 1988.

[ ] >
U '}'\‘t‘l{% -*?

$§ 51. Sakai, H. and Woody, C.D. Relationships between axonal diameter, soma size, and
'ﬁﬁ axonal conduction velocity of HRP-filled, pyramidal tract cells of awake cats.
}3 Brain Res., in press
;4 52. Berthier, N. and Woody, C.D. In vivo properties of neurons of the precruciate
- cortex of cats. Brain Res. Bull., in press
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;:. CURRICULULM VITAE

:

) Name : Magdolna B. Szente

A

xﬁ Date and Place of Birth: October 9, 1946: Hodmezovasarhely, Hungary

l.‘ !

;é Marital Status: Married

"

’ Education: 1974 - Ph.D. Attila Jozsef University of Sciences
‘I

o

o Positions Held:

LY

5

o) 1985 (Present) Visiting Research Physiologist, Psychiatry & Biobehavioral

Sciences, Mental Retardation Research Center, University of

?: California, Los Angeles

\

u

ﬁ: 1983 - 1984 Visiting Researcher, Physiology Section, Biological Science
3@ Group, University of Connecticut, Storrs, Connecticut

i

3

@ 1977 (Present) Lecturer, Department of Comparative Physiology, Attila Jozsef
< University of Sciences, Szeged, Hunga

3 Y ry

b
it 1970 - 1977 Assistant Lecturer, Department of Comparative Physiology,

;% Attila Jozsef University of Sciences, Szeged, Hungary

l.l N

i“

o Publications
\'q.

» 1. Szente, M. and Feher, 0. The effect of polarization on the evoked and
R seizure potentials in the cat. Acta. Bil. Szeged 21:127-140, 1975.

s 2. Szente, M. and Feher, O. Relation of unit spike discharges and evoked

- potentials in the auditory cortex of cat. Acta Physiol. Hung. Acad.
;g- 48:117-130, 1976.

<
i 3. Szente, M. and Pongracz, F. Aminopyridine induced seizure activity.
d EEG Clin. Neurophysiol. 46:605-608, 1979.

! 4. Pongracz, F. and Szente, M. Stimulation of the ionic mechanism of

3 molluscan neurons under PTZ induced effects. Acta Physiol. Hung. Acad.
T 53:327-336, 1979.
o 5. Pongracz, F. Pongracz, Gy. and Szente, M. Microcomputer method for the

o analysis of spontaneous bursting activity of units in epileptic cat cortex.
}5 EEG Clin. Neurophysiol. 49:195-199, 1980.
|‘ *
e 6. Szente, M. and Pongracz, F. Aminopyridine induced seizure activity.
° Epilipsy: A clinical and Experimental Research Monogr. Neural. Sci.
. 5:20-24, 1980.
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g: 7. Szente, M. and Pongracz, F. Comparative study of aminopyridine induced
N seizure activities in primary and mirrir foci of cats cortex. EEG Clin.
K Neurophysiol. 52:353-367, 1981.

o 8. Pongracz, F. and Szente, M. Microcomputer-aided point-process of epileptic
ﬁ: unit activity. Adv. Physiol. Sci. 34, Eds. Fedina et al., 1981.

At

9§ 9. Pongracz, F. and Szente, M. On modelling the variability of interspike
W intervals during epileptic unit activity. Biol. Cyber. 41:165-177,

. 1981.

i)

ﬂ: 10. Pongracz, F. and Szente, M. Computer stimulation for studying calcium-
f dependent abnormalities in firing mechanism of molluscan neurons. Acta.
gf Physiol. Hung. Acad., 60:189-203, 1982.

)

' 11. Kuhnt, U. and Szente, M. The effect of 3,4-AP and 3,4-DAP on the evoked
5' gctiyity of the pyramidgl cel} }ayer gf the hipPocampus: An

KX in vitro study. In: Aminopyridines and $imilarly Acting Drugs.

5' Eds. P. Lechat et al. Pergamon Press, pp. 220, 1982.

) -

K 12. Kuhnt, U. and Szente, M. Effects of aminopyridine on the evoked activity
L) in the hippocampal slice. 1In: Epilepsy and Motor System. Eds.

y Speckman and Elger, pp. 120-138, 1983.

e
N 13. Mihaly, A., Joo, F. and Szente, M. Neuropathological alterations in the
o neocortex of rats subjected to focal aminopyridine seizure. Acta

; Neuropathol. Berl., 61:85-94, 1983.

ﬁ 14. Szente, M., Feher, O. and Gyuris, T. The effects of aminopyridine on the

y' cortical evoked potentials. Acta Physiol., Hung. 63:197:208, 1984,

g* 15. Mihaly, A., Toth, G., Szente, M., Joo, F. Neocortical cytopathology in

' §ocal aminopyridine seizures as related to the intracortical diffusion of
H aminopyridine. Acta Neuropath. Berl. 66:145-154, 1985,

[ X

] 16. Baranyi, A. and Szente, M. Single channel voltage clamp analysis of

! in vivo neocortical neurons of the cat. Proc. Hung. Physiol. Soc.,

] Budapest, p. 17, 1985.

I

® 17. Baranyi, A. and Szente, M. The effect of intracellular colchicine and EGTA

'; injection on the heterosynaptic facilitation of cortical neurons. Proc.

% Hung. Physiol. Soc., Budapest, p. 18, 198S.

" 18. Landmesser, L., Szente, M. and Dahm, L. The effect of blocking functional

o’ activity and motoneurone cell death on the activation patterns of chick

: lumbosacral motoneurons. Neurosci. Abstr. 11:976, 1985.

:§ 19. Landmesser, L. and Szente, M. Activation patterns of embryonic chick

ko hind-limb muscles following blockade of activity and motoneurone cell death.

_; J. Physiol. 380:157-174, 1986.

@

&

=

5]

.

e

@

v o,

e

»
K

.“‘ AN 1".‘\. ;‘-N:";'\q -.'» e »‘\- "N A .‘:-\,~‘,. o '1-'."‘ . “' ", ."j"f.":'d' "Jl‘}' ot " -,’-‘l';,a‘:f.;d'.;.l ".Il f“"‘?“:-f',;-( 0
P AR TRR, TR, Y N, [ A 0%0 L8 | My \ 2 S 320 e L A B L8 LA A A 3 i g .. )y ¥ P! o LN g Bt

L}
a5 L 20l

\'\‘;
[PRASIN




b

20.

21.

22.

23.

24.

25.

26.

27.

.rrvctv

AT e

AT

42 e ath a2kt ave ald atd avdavd Y N a0 a0 a0 B VA 208 2 0A at DY a 02 %490 0" o 0a* ta ' (18" 212" VA" ¥a= §2" 2" 03" $4" Ba* ¥] ¥ Ra® pa’ 82" $p%

PAGE 47

Szente, M.B., Baranyi, A. and Woody, C.D. Intracellular injection of
phorbol esters increases excitability of neurons of the motor cortex of
awake cats. Soc. Neurosci. Abstr., 13:1355, 1987

Baranyi, A., Szente, M.B., and Woody, C.D. Intracellular injection of
phorbol esters induces long-term changes of postsynaptic responses in
voltage-clamped cells of the motor cortex of awake cats. Soc. Neurosci.
Abstr., 13:1355, 1987.

Baranyi, A. and Szente, M. Postsynaptic activity-dependent facilitation
of excitatory synaptic transmission in the neocortex, In: Cellular
Mechanisms of Conditioning and Behavioral Plasticity, Eds. C.D. Woody,
D. L. Alkon, and J. L. McGaugh.” New York and London: Plenum, 1988,

pp. 391-402.

Baranyi, A., Szente, M.B., and Woody, C.D. Intracellular injection of
phorbol ester increases the excitability of neurons of the motor cortex of
awake cats. Brain Res., 424:396-401, 1987.

Baranyi, A. and Szente, M. B. Long-lasting potentiation of synaptic
transmission requires postsynaptic modifications in the neocortex, Brain
Res., 423:378-384, 1987.

Szente, M. and Baranyi, A. Mechanism of aminopyridine-induced ictal
seizure activity in the cat neocortex. Brain Res., 413:368-373, 1987.

Baranyi, A. and Szente, M.B. Activation of protein kinase C induces
long-term changes of postsynaptic currents in neocortical neurons.
Brain Res., 440:341-347, 1988.

Szente, M.B., Baranyi, A., and Woody, C.D. Intracellulra injection of
apamin reduces slow afterhyperpolarization and IPSPs in neocortical
neurons of cats, Brain Res., in press, 1988.
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CURRICULUM VITA

Nawe. Attila Baranyi

Date and Place of Birth: August 4, 1951: Egerbocs, Hungary

Marital Status: Married

Education: 1977 - Ph.D. Attila Jozsef University of Sciences,

Szeged, Hungary

Positions Held:

1985 (Present) Visiting Research Physiologist, Psychiatry & Biobehavioral

Sciences, Mental Retardation Research Center, University of
California, Los Angeles

1981 - 1983 Visiting Research Scientist, Brain Research Institute,

University of California, Los Angeles

1981 (Present) Lecturer, Department of Comparative Physiology, Attila Jozsef

University of Sciences, Szeged, Hungary

1975 - 1977 Assistant Lecturer, Department of Comparative Physiologv,

Attila Jozsef University of Sciences, Szeged, Bungary

Publications

1.
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Baranyi, A. and Feher, O. Heterosynaptic facilitation in the motor cortex
of the cat. 1In: Neuron Concept Today, Eds. Szentagothai, J., Hamori,
J. and E.S. Vizi, Akademiai Kiado, Budapest, pp. 255-256, 1977.

. Baranyi, A. and Feher, 0. Conditioned changes of synaptic transmission in

the motor cortex of the cat. Exp. Brain Res. 33:283-298, 1978.

. Baranyi, A. and Feher, 0. Convulsive effects of 3-amino-pyridine on

cortical neurones. Electroenceph. Clin. Neurophysiol. 47:745-751, 1979.

Baranyi, A. and Feher, O. Synaptic facilitation requires paired activation
of convergent pathways in the neocortex. Nature 413-415, 1981.

. Baranyi, A. and Feher, O. Intracellular studies on cortical synaptic

plasticity. Conditioning effect of antidromic activation on test-EPSPs.
Exp. Brain Res. 41:124-134, 1981.

. Baranyi, A. and Feher, 0. Long-term facilitation of excitatory synaptic

. Baranyi, A. and Feher, 0. Selective facilitation of synapses in the

neocortex by heterosynaptic activation. Brain Res. 212:164-168, 1981.

transmission in single cortical neurons of the cat produced by repetitive
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:%: pairing of synaptic potentials and action potentials following intracellular
5} stimulation. Neurosci. Lett. 23:303-308, 1981.
R
L%
. 5. Baranyi, A. and Feher, O. Diillcrential conditioning at cellular level in
S the neocortex. In: Adv. Physiol. Sci., 36, Cellular Analogues of
{ﬁ Conditioning and Neural Plasticity, Eds. F. Joo and O. Feher. Pergamon
S( Press, Oxford and Akademiai Kiado, Budapest, pp. 174-185, 1981.
¥
eﬁf 9. Joo, F., Baranyi, A., Feher, 0., Siklos, L. and Wolf, J.R. Axolemmal
’ infoldings bind calcium in nerve endings of the stimulated neocortex.
B Brain Res. 224:426-430, 1981.
o '
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10. Joo, F., Baranyi, A., Feher, O. and Wolf, J.R. Calcium binding of
' axolemmal infoldings in stimulated cortical synapses. in: Adv. Physiol.
A Sci., 36, Cellular Analogues of Conditioning and Neural Plasticity, Eds.

) F. Joo and O. Feher. Pergamon Press, Oxford and Akademiai Kiado, Budapest,
e pp. 107-115, 1981.

11. Feher, O. and Baranyi, A. Cellular mechanism of conditioning in the
neocortex of the cat. 1In: .Adv. Physiol. Sci., 36, Cellular Analogues of
Conditioning and Neural Plasticity, Eds. F. Joo and O. Feher. Pergamon
Press, Oxford and Akademiai Kiado, Budapest, pp. 174-185, 1981.

12. Baranyi, A. and Feher, O. Synaptic facilitation requires paired activation
of convergent pathways in the neocortex. Nature 290:413-415, 1981.

13. Baranyi, A. and Feher, O. Selective facilitation of synapses in the
neocortex by heterosynaptic activation. Brain Res. 22:164-168, 1981.

14. Baranyi, A. and Feher, O. Intracellular studies on cortical synaptic
plasticity: Conditioning effect of antidromic activation on test-EPSPs.
Exp. Brain Res. 41:124-134, 1981.

15. Baranyi, A. and Feher, 0. Long-term facilitation of excitatory synaptic
transmission in single motor cortex neurons of the cat produced by repeti-
tive pairing of synaptic potentials and action potentials following intra-
cellular stimulation. Neurosci. Letters 23:303-308, 1981d.
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16. Feher, 0. and Baranyi, A. and Gyimothy, T. A model for the ionic

- mechanism of the paroxysmal depolarization shift. In: Physiology and
Pharmacology of Epileptogenic Phenomena, Eds. M. Klee, H.D. Lux and F.J.
Speckman. Raven Press, New York, pp. 343-351, 1982.

"* 17. Baranyi, A. and Chase. M. H. Effect of microinjection of ethanol on
Y trigeminal motoneurons in the chronic cat. Neurosci. Abstr. 8:653, 1982

o
> 18. Rojik, I., Baranyi, A., Tury, G. and Feher, O. Function-dependent glycine
A incorporation into neurons of cat motor cortex. Acta. Biol. Hung.

v 34:257-266, 1983.

19. Baranyi, A. and Chase, M.H. Effect of juxta- and intra-cellular
microinjection of ethanol on trigeminal motoneurons in the chronic cat.
Brain Res. 269:159-164, 1983. P
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20. Baranyi, A. and Chase, M.H. Ethanol-induced modulation of the membrane
potential and synaptic activity of trigeminal motoneurons during sleep and
wakefulness. °S5roin Res. 307:233-245, 1984.
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21. Morales, F.R., Baranyi, A., Soja, P. and Chase, M.H. The spontaneous
IPSPs involved in motoneuron inhibition during active sleep are blocked by
strychnine. Soc. Neurosci. Abstr. 10:441, 1984. )

22. Baranyi, A. and Szente, M. Single channel voltage clamp analysis of
in vivo neocortical neurons of the cat. Proc. Hung. Physiol. Soc., 3!
Budapest, p. 17, 1985.

23. Baranyi, A. and Szente, M. The effect of intracellular colchicine and EGTA
injection on the heterosynaptic facilitation of cortical neurons. Proc.
Hung. Physiol. Soc., Budapest, p. 18, 1985.

24. Szente, M.B., Baranyi, A. and Woody, C.D. Intracellular injection of A
phorbol esters increases excitability of neurons of the motor cortex of ‘
awake cats. Soc. Neurosci..Abstr., 13:1355, 1987 “3

25. Baranyi, A., Szente, M.B., and Woody, C.D. Intracellular injection of
phorbol esters induces long-term changes of postsynaptic responses in
voltage-clamped cells of the motor cortex of awake cats. Soc. Neurosci.
Abstr., 13:1355, 1987.

26. Baranyi, A. and Szente, M. Postsynaptic activity-dependent i.zilitation
of excitatory synaptic transmission in the neocortex, In: Cellular
Mechanisms of Conditioning and Behavioral Plasticity, Eds. C.D. Woody,
D. L. Alkon, and J. L. McGaugh. New York and London: Plenum, 1988, M
pp. 391-402. .

27. Baranyi, A., Szente, M.B., and Woody, C.D. Intracellular injection of
phorbol ester increases the excitability of neurons of the motor cortex of s
awake cats. Brain Res., 424:396-401, 1987, 3

28. Baranyi, A. and Szente, M. B. Long-lasting potentiation of synaptic 0
transmission requires postsynaptic modifications in the neocortex, Brain
Res., 423:378-384, 1987.

29. Szente, M. and Baranyi, A. Mechanism of aminopyridine-induced ictal :
seizure activity in the cat neocortex. Brain Res., 413:368-373, 1987. -

30. Baranyi, A. and Szente, M.B. Activation of protein kinase C induces ~d
long-term changes of postsynaptic currents in neocortical neurons. )
Brain Res., 440:341-347, 1988. .

31. Szente, M.B., Baranyi, A., and Woody, C.D. Intracellulra injection of ﬁ
apamin reduces slow afterhyperpolarization and IPSPs in neocortical t'
neurons of cats, Brain Res., in press, 1988. .
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CURRICULUM VITA
Name: Nahum Allon
[
D
; Borm: May 2, 1945 ISRAEL }
1
i . 41
[ Marital Status: Married, 2 children
Present Address: Israel Institute of Biological Research )
Ness Zionma 70450 ISRAEL ]
1963-1966: Military Service as an officer
, 1967-1970: B.Sc. in Biology, Tel Aviv University
1970-1973 “Studies on venom synthesis, secretion and injection in .
-; viperid snakes™ M.Sc. thesis under the supervision of !
. Prof. E. Kochva, in the Department of Zoology, Tel Aviv ;
p University .
L) |
[ 19754-1979: "Neural activity in the medial geniculate body of :
! squirrel monkey (Saimiri sciureus) in response to
auditory stimuli" Ph.D. thesis under the supervision
of Dr. Z. Wollberg in the Department of Zoology, Tel :
Aviv University ’
b 1979-1982 Agsistant Research Psychophysiologist A
p Neuropsychiatric Institute, UCLA )
: Supervisor: C.D. Woody, M.D. \
) t
' 1983~ Israel Institute of Biological Research
Recent Research: 1. Changes in excitability of units in cat pericruciate
cortex to weak extracellular stimulation during
conditioning
()
p 2. The ionic mechanism underlying the excitation of i
cells in the motor cortex by weak extracellular
. currents
A PUBLICATIONS: \
; Allon, N. and Kochva, E. (1972) Amount of venom injected into mice and rats by »
' Vipera palaestina in a single bite. Am. Zool. 12:685.
Kochva, E., Orom, U., Bdolah, A., and Allom, N. (1972) Regulacao da secrecao e )
injecao de venamo em sepentes viperideos. Simposio: "Aplicacao de venenos )
a das serpentes em Problemas de Farmacologia e Bioquimica cellular". Ribeirao )
P Preto S.P. Brazil.
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Allon, N. and Kochva, E. (1974) The quantities of venom injected into prey of

different sizes by Vipera palaestina in a single bite. J. Exp. Zool.
188:71-76.

Kochva, E., Oron, U., Bdolah, A., and Allom, N. (1975) Regulation of venom
secretion and injection in viperid snakes. Toxikon 13:104.

Allon, N. and Wollberg, Z. (1978a) Superior colliculus of squirrel monkey:
Responses of single cells to auditory stimuli, Abstract presented in the
Israel Society of Physiology and Pharmacology.

Allon, N. and Wollberg, Z. (1978b) Responses of cells in the medial geniculate body
(MGB) of squirrel monkey to auditory stimuli. Neurosci. Ltrs. Suppl. 1:52.

Allon, N. and Wollberg, Z. (1980) The response properties of cells in the medial
geniculate body (MGB) of awake squirrel monkey to species specific
vocalization. Soc. Neurosci. Abstr. 6:333,

Allon, N., Yeshurunm, Y., and Wollberg, Z. (1981) Responses of single cells in the

medial geniculate body of awake squirrel monkey. Exp. Brain Res.
41:222-232. .

Yeshurun, Y., Allon, N., and Wollberg, Z. (1981) A computer aided simulation of an

electrode penetration into deep brain structures. Computers and Biomed.
Res. 14:19-31,

Brons, J.F., Woody, C.D., and Allon, N. (1982) Changes in the excitability to weak
intensity extracellular electrical stimulation of units of the pericruciate
cortex in cats. J. Neurophysiol. 47:377-388,

Allon, N., and Woody, C.D. (1982) Initiation ofrparaoxysmal depolarization shifts
in single cells of the sensorimotor cortex of awake cats by scorpion venom
(Centruroides sculpturatus). Soc. Neurosci. Abstr. 8:101.

Allon, N., and Woody, C.D. Epileptiform activity induced in single cells of the
sensorimotor cortex of the cat by intracellularly applied scorpion venom
(Centruroides sculpturatus). Exp. Neurol., 1983, in press.
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CURRICULUM VITAE

) e

P

Name: Sﬁuji Aou

0
¢
Date apd Place of Birth: October 21, 1952: Simonoseki, JAPAN ]
"
Marital Status: Married - two children ;
0
Present Address: Department of Biological Control System, National A
Institute, Physiological Sciences, Myokaiji, Okazaki :ﬂ
444, JAPAN T
Education: 3
1977 - M.D. (Medical B.S.) ;
Faculty of Medicine,- Kyushu University e
1982 - Ph.D. (Doctor of Medical Science) &
Faculty of Medicine, Kyushu University N
Positions Held:
1982- Research associate, Department of Biological 7 4
control system, Nationmal Institute for ‘9
Physiological Sciences, Okazaki g
»,
1983- Instructor (part-time), Department of Physiology, 2
Nihon University School of Medicine, Itabashi,
Tokyo g
1984~ Instructor (part-time), Department of Physiology, EZ
Faculty of Medicine, Kyushu University, Fukuoka 3
*d
Professional Societies: -
Member, Japan Physiological Society :
Member, Society of Psychosomatic Medicine, Japan .
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by Recent Publications

Y

! Aou, S., Oomura, Y., Nishino, H., Ono, T., Yamabe, K., Sikdar, S.K., and

'4 Noda, T. Functional heterogeneity of single neuronal activity in the monkey
k dorsolateral prefrontal cortex. Brain Res. 260:121-124, 1983.

)

[X

Aou, S., Oomura, Y., Nishino, H., Inokuchi, A., and Mizuno, Y. Influence of
> catecholamines on reward-related neuronal activity in monkey orbitofrontal
cortex. Brain Rex. 267:165-170, 1983.

Aou, S., Oomura, Y., and Nishino, H. Influence of acetycholine on neuronal
K activity in monkey orbitofrontal cortex during bar press feeding task.
Brain Res. 275:178-182, 1983.

o Inoue, M,, Oomura, Y., Nishino, H., Aou, S., Sikdar, S.K., Hynes, M.,
. Mizuno, Y., and KRatafuchi, T. Cholinergic role in monkey dorsolateral
[ prefrontal cortex during bar press feeding task. Brain Res. 278:185-194,
A 1983,
o
- Hori, T., Kiyohara, T., Oomura, Y., Nishino, H., and Aou, S. Unit activity in
- the monkey orbitofrontal cortex during thermoregulatory and feeding
» behaviors, J. Physiol. Japan 45:594, 1983.
[
L Aou, S., Oomura, Y., Lenard, L., Nighino, H., Minami, T., Misaki, H., and
, Inokuchi, A, Behavioral significance of monkey hypothalamic
N7 glucose-sensitive neurons. Brain Res,, in press,
>
: Aou, S., Woody, C.D., Oomura, Y., Nishino, H., and Lenard, L. Effect of
A hypothalamic stimulation on ‘ntracellular neuron activity of motor cortex
- in awake monkeys. Neurosci. Letter Suppl. 17:s60, 1984,
Q: Aou, S., Woody, C.D., Oomura Y., and Nishino, H. Effects of reward-related
o hypothalamic stimulation on neuron activity of the motor cortex in the
N monkey. Soc, Neurosci., Abstr. 10:312, 1984,
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Curriculum vitae, Tamas Bartfai f
1948 Born in Budapest, Hungary R
ot
1966-1971 Graduate studies at Eotvos Lordnd University,
Faculty of Natural Sciences, in Chemistry,
physics and mathematics
\
1971-1973 Graduate studies in biochemistry at the W
Departmert of Biochemistry, University of “
Stockholm. by
%
1973 Ph.D. in biochemistry: (Thesis: Mathematical mo- N
deling in enzyme kinetics; Steady state kinetic N
model of glyoxalase I). >
1973- Teaching at the Department of Biochemistry, &
University of Stockholm. )
1975 Docent in Biochemistry :
Professional experience
)
15€3-1970 Research associate at the Central Research 3
Institute for Physics, Budapest. J
1970 ' Mathematical modeling for the Bureau of Chemical ¥
Engineering, Budapest. .
£
1972-1972 Instructor in Biochemistry, Stockholm. é
1972 Lecturer in Biochemistry. (Teaching on graduate
courses General Biochemistry, Enzymology, Ny
Neurochemistry). h
1974 (June, Visiting scientist at Hadassah Medical School, .
August) Jerusalem, in Professor Shimon Gatt s laboratory. -
1576 Jdan- Visiting Assitant Professor at Yale University, ;
1577 June Medical School, Department of Pharmacology in v
Professor Paul Greengarrd s laboratory: Research o
and teaching. N
1977 July Appointed as senior lecturer or "tenured Assoc. Ry,
Professor™ in the Department of Biochemistry, 2
Arrhenius Laboratory, University of Stockholm. ;
Chairman Professor Lars Ernster. . i,
°
Invited symposia lecture were given: 3
LinOerstrdm-Lang Conference 1974, 0slo, organizer Dr. E. Kvamme. 3
Chciirergic Meeting 1977, La Jolla, organizer Dr. D.J. Jenden. :
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International Congress of Neurochemistry, Copenhagen, 1977.

Cyclic Nucleotides and CNS, Treverro, Italy, 1977.

Intarnational symposium on Cholinergic Mechanisms .1980, Florence,
Italy.

Meeting of European Society for Neurochemistry, Catania, 1981.
Symposium on Peptides in the CNS, Weizmann Institute, 1981.

Symposium on Cholinergic Mechanisms at the Council of Europe,
Strassbourg, 1982,

European Symposium on Cell Regulation, Strassbourg, 1983.

Meeting of the International Society for Neurochemistry,
Vancouver, 1983.

"On Neural Substrates of Conditlonlng y, Symposium in Woods Hole,
1983.

Seminars:

Hadassah, Dept. of Biochemistry, Jerusalem,
Weizmann Institute, Rehovot

Yale University, Dept. of Pharmacolagy
Harvard University, Dept. of Neurobiology
Columbia University, Section of Neurobiology
UCLA, Dept. of Pharmacology

Ciyt of Hope

Tel Aviv University, Dept. of Biochemistry
NIH, Preclinical Pharmacology

Rockefeller University

University of Maryland

Marine Biological Station, Woods Hole
Mario Negri Institute, Milan

Served as a teacher on the courses in Neurochemistry organized by
the European Mclecular Biology Organization.

Awards:

1966 Eotvos Prize in Chemistry

1976 European Molecular Blology organisation long term fellow-
ship

1977 Liljevalch s Jr. Stipend

1978 Ekstroms Stipendium

1982/83 Fellowship from the University of Stockholm for research
for senior lecturers.
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Research support:

Swedish Medical Research Council

Swedish Cancer Society

Natibnal Institute of Mental Health, Bethesda
Swedish Board for Planning Research

Letters of recommendation could be obtained from Professor Lars
Ernster, Department of Biochemistry, Arrhenius Laboratory, 106 91
Stockholm, Sweden. Professor Paul Greengard, Department of
Pharmacology, Yale University Medical School, Cedar str 333, New
Haven, Conn 06510, USA. Professor Shimon Gatt, Department of
Biochemistry, Laboratory of Neurochemistry, Hadassah Medical
School, Hebrew University, Jerusalem POB 1172, Israel.
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" L] L
RECENT PUBLICATIONS L
1. Bartfai, T., Nordstrom, O., and Tjornhaemmar, M.L. Cyclic guanosine :
} 375 -monophosphate in the nervous system. Pre—, post— and transsynaptic ‘
effects. Progress in Pharmacol. 4/1, 151-157, (1980). ]
b
| 2. Lundberg, J.M., Hedlund, B., and Bartfai, R. Vasoactive intestinal g
polypeptide (VIP) enhances muscarinie ligand binding in the cat submandibular 3
salivary gland. Nature 5845, 147-149, (1982).
3. Hedlund, B., Grynfarb, M., and Bartfai, T. Two ligands may bind
simultaneously to the muscarinic receptor. Naunyn-Schiedeberg’s
Arch. Pharmacol. 320, 3-13 (1982). ]
4, lberts, P., Bartfai, T., and Stjarne, L. Atropine effects on 2
H-acetylcholine sacr~tion from guinea pig myenteric plexus evoked )
electrically or hy high potassium. J. Physiol. 329, 93-112 (1982). ;
¢
5. Hedlund, B., Abens, J., and Bartfai, T. Chronic atropine treatment induces ;
supersensitivity of VIP receptors and muscarinic receptors in the rat salivary
gland, Science 200, 519-520, (1983), p
iy
6. Tjornhsmmar, M.L., Lazaridis, G., and Bartfai, T. Cyclic GMP efflux from oy
liver slices, J. Biol. Chem. 258, 6882-6886, (1983). 2
. \
7. Lundberg, J.M., Hedlund, B., Anggard, A., Fahrenkrug, J., Hokfeldt, T., :
Tatemoto, K., and Bartfai, T. Costerage of peptides and classical >
transmitters in neuroms. Media Hoecht Bd. 18, 8, 1-9, (1983). A 3
8. geterson, L.L., and Bartfai, T. 1In vitro and in vivo inhibition of ;
B-imipramine binding by cadmium. Eur. J. Pharm. 90, 289-292, (1983).
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Curriculum Vita
Neil E. Berthier

April 1983

I. Personal: Borm July 1, 1953; Married; SSN 433-72-0767;
Telephone 213-825-0187.

I1. Educational Background:

A. Attended University of Massachusetts, Amherst, Ma. from
September 1975 to November 1980. M.S. May, 1978, Ph.D.
February, 198l. Psychology, concentration in Neurobiology of
Learning and Memory, Advisor J.W. Moore.

B. Attended Virginia Polytechnic Institute and State University,
Blacksburg, Va. from September 1971 to March, 1975. B.S. June
1975 with Distinction in Psychology.

C. Graduate Courses Taken:

Statistical Inference in Psychology
Physiological Psychology
Neuroanatomy

Advanced Applied Statistics
Conditioning

Comparative Neurophysiology
Psychopharmacology

Animal Learming

Human Information Processing
Neurobiology of Learning and Memory
Developmental Neurobiology
Experimental Neurophysiology

Courses Audited:

Calculus I, II, and Multivariate Calculus
Minicomputers

Neurochemistry

D. Student in the January 1982 Neurobiology course at the Marine
Biological Laboratory, Woods Hole, Ma.

111. Professional Positions:

A. Assistant Research Neurobiologist, January, 1981 to present,
Department of Psychiatry, Mental Retardation Research Center,
Neuropsychiatric Institute, UCLA Medical Center, Los Angeles, Ca
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B. Teaching Assistant and Associate, September 1975 to May 1980,
University of Massachusetts, Amherst Ma, Assisted and prepared
exams and lectures for courses in Physiological Psychology,
Animal Learning, Statistics, Methods, and Introductory
Pgychology.

IV. Professional Specialties and memberships:
Neurobiology of Learning and Memory, Animal Learning.
. Member of the Society for Neuroscience
v. References:

Dr. J.W. Moore, Department of Psychology,
University of Massachusetts, Amherst Ma. 01003

Dr. C.D. Woody, Departments of PEsychiatry and Anatomy
University of California Los Angeles, Los Angeles, Ca. 90024

Dr. D.L. Alkon, Laboratory of Biophysics, Marine Biological
Laboratory, woods Hole, Ma. 02543

Dr. G.A. Wyse, Department of Zoology,
University of Massachusetts, Amherst Ma. 01003

VI. Publications and Presentations: .

Berthier, N.E., Spinelli, D.N., Solomon, P.R. & Moore, J.W.
Fiber~sparing lesions of the central nervous system produced by
cyanide. Presented by Moore at the European Brain and Behavior

Society”s workshop on the Cerebral Commissures. Rotterdam, March,
1977.

Moore, J.W., Yeo, C. & Berthier, N.E. Brain mechanisms of Pavlovian
inhibition. Presented at the Amnual meeting of the Psychonomic
Society, San Antomnio, 1978,

Powell, G.M., Berthier, N.E. & Moore, J.W. Efferent neuronal countrol
of the nictitating membrane in rabbit (Oryctolagus cuniculus): A
reexamination. Physiology & Behavior, 1979, 23, 299-308.

Berthier, N.E. & Moore, J.W. Role of the extraocular muscle in rabbit
(Oryctolagus cuniculus) nictitating membrane response. Physiology
& Behavior, 1980, 24, 931-937,.

Berthier, N.E. & Moore, J.W. Spatial differential conditioning of the
nictitating membrane response in hippocampectomized rabbits.
Physiological Psychology, 1980, 8, 451-454.

Berthier, N.E. & Moore, J.W. Disrupted conditioned inhibition of the
rabbit nictitating membrane response following mesencephalic
lesions. Physiology & Behavior, 1980, 25, 667-673.
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s Berthier, N.E. & Moore, J.W. Multiple unit activity of the abducens
nerve in the anesthetized and paralyzed rabbit. Society for
- Neuroscience Abstracts, 1980, 6, 427.

Berthier, N.E., Betts, B. & Woody, C.D. Rapid eyeblink conditioning:

o response topography. Society for Neuroscience Abstracts, 1981, 7,
W 750.

o

:ﬂ Desmond, J.E., Berthier, N.E. & Moore, J.W. Brains stem elements

¥ essential for the classically conditioned nictitating membrane

’ response of rabbit. Society for MNeuroscience Abstracts, 1981, 7,
o * 650.

.'f.'

:ﬁ Moore, J.W., Berthier, N.E. & Desmond; J.E. Brain stem

o electrophysiological correlates of the classically conditioned

X nictitating membrane response in rabbit. Society for Neuroscience
Abstracts, 1981, 7, 358.

:N Moore, J.W., Desmond, J.E. & Berthier, N.E. The metencephalic basis
;ﬁ of the conditioned nictitating membrane respomse. In
S Conditioning: Representation 2f Involved Neural Functioms. C.D.
Pl

o Woody (Ed.), New York: Plenum, 1982,

@

N Berthier, N.E., Betts, B. & Woody, C.D. Discrimination conditioning
?f of eyeblink with aversive brain stimulation. Society for

$‘ Neuroscience Abstracts, 1982, 8, 315.

o

a. Berthier, N.E. & Moore, J.W. The unconditioned nictitating membrane

response: The role of the. abducens nerve and nucleus and the

:y accessory abducens nucleus in the rabbit, Brain Research, 1983,
X 258, 201-210.

[

J

h Kim, E.H-J., Woody, C.D. & Berthier, N.E. Rapid acquisition of

Ay conditioned eyeblink responses in cats following pairing of an

auditory conditioned stimulus with glabella tap unconditioned

- stimulus and hypothalamic stimulation, Journmal of
L~ Neurophysiology, 1982, 49, 767-779.
W)

:ﬁ Woody, C.D., Kim, E.H-J., & Berthier, N.E. Effects of hypothalamic
3 stimulation on unit responses recorded from neurons of the

@ sensorimotor cortex of awake cats during conditioning, Jourmal of
N Neurophysiology, 1982, 49, 780-791.
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CURRICULUM VITAE

Dr. Lynn J. Bindman (n€e Winton)

Department of Physiology
University College London
Gower S treet, LONDON WC1lE 6BT

14th July, 1938
Married (1961) 3 children (born 1963, 1965, 1968)

South Hampstead High School for Girls, London

University College London, Department of Physiology
1957-1963

BSc London 1960 Class lpper 11
PhD London 1864 Physiology of the cerebral cortex

Honorary Research Assistant, Department of Physiology,
UCL, Grant awarded by Medical Research Council 1963-1965

Assistant Lecturer (part-time) Department of Physioclogy,
UCL 1965-1969

Research Associate (part-time) Department of Phyvsiology,
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95 UCL. Grant awarded bv Medical Research Council 1969-1972
3 |
he Lecturer, Department of Physiology, UCL 1872-
. .
ff Membership of Societies
!
’j The Physiological Society - elected 1967
{f Education sub-committee - appointed 1981
) ' The Pharmacological Socierty - elected 1976
?‘ International Brain Research
'g: Organisation - elected 1978
‘ﬂ Brain Research Association
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§ Research:
s -
Ky LIPPOLD, O0.C.J., REDFEARN, J.W.T. & WINTOhN, L.J. (1961). The potential
i) level at the surface of the cerebral cortex of the rat and its
ﬁ relation to the cortical activity evoked by sensory stimulation.
. J. Physiol., 157, 7-9P
_'f. < o~
3 BINDMAN, L.J., LIPPOLD, 0.C.J. & REDFEARN, J.W.T. (1961). The diffusion
? of y-amino butyric acid within the mammelian cerebral cortex and
ﬂ : the non-selective pnature of its blocking action. J. Physiol., 160,
. 24-25P
w
4 v BINDMAN, L.J., LIPPOLD, O0.C.J. & REDFEARN, J.W.T. (1962). The prolonged
} after-action of polarizing currents on the sensory cerebral cortex.
? J. Physiol., 162, 45-46P
BINDMAN, L.J., LIPPOLD, 0.C.J. & REDFEARN, J.W.T. (1962). Long-lasting
" changes in the level of the electrical activity of the cerebral cortex
” produced by polarizing currents. Nature, 196, 584-585
X JERLCE, 290
o
'
}‘ BINDMAN, L.J., LIPPOLD, O0.C.J, & REDFEARN, J.W.T. (1962). Variations inp
Y evoked potentials and potential gradiente in the sensory cortex.
\J Proc. XXII Int. Congr. Physiol. Sci., Leiden, Sept. 10-17
N BINDMAN, L.J., LIPPOLD, O0.C.J. & REDFEARN, J.W.T. (1962). The non-selective
y blocking action of y-amino butyric acid oo the sensory cerebral cortex
% of the rat. J. Physiol:, 162, 105-120
LA —_ —
" BINDMAN, L.J. LIPPOLD, O.C.J. & REDFEARN, J.W.T. (1963). Comparison of the
" effects on electrocortical activity of generel body cooling and loczl

cooling of the surface of the brain. Electroenceph. clin. Neurophvsiol.
15, 238-245

P2 & LA

BINDMAN, L.J., LIPPOLD, O0.C.J. & REDFEARKN, J.W.T. (1964). Relation between
the size and form of potentials evoked by scnsory stimulation and the

j background electrical activity in the cerebral cortex of the rat.

< J. Physiol., 171, 1-25 .

e * BINDMAN, L.J., LIPPOLD, 0.C.J. & REDFEARN, J.¥W.T. (1964). The action of

,, brief polarizing currents on the cerebral cortex of the rat (1) during
‘:: current flow and (2) in the production of long-lasting after-effects.
» J. Physiol., 172, 369-382

i, BINDMAN, L.J. (1964) Evoked potentials anc¢ background electrical activity
. in the cerebral cortex. Ph.D. Thesis Univereity of London.

'

X BINDMAN, L.J. (1965) Long-lastipng changes in the firing frequency of

:\ neurones in the rat cerebral cortesx and radiel potential gradients.

'y J. Physiol., 179, 14-16P.

. I —— .

® BINDMAN, L.J. & BOISACQ-SCHEPENS, N. (1966). Persistent changes 1n the rate
. of firing of single, spontaneously active cortical cells in the rat

: produced by peripheral stimulation. J. Phvsiocl., {EE, 13-17P

.
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BINDMAN, L.J. & BOISACQ-SCHEPENS, N. (1967). The relation between tbe
‘spontaneous' rate of firing of neurones in the rat's cerebral cortex,
their response to peripheral stimulation, and the duratioon of the

- after-discharge following stimulus. J. Phvsiol., ig}, 7-9P

BO1SACQ-SCHEPENS, N., & BINDMAN, L.J. (1967). Modifications durable, par 1la
stimulation somatique, de la frequence de decbarge spontanee de ncuropes
corticaux chez le Rat: Dif!erences entre les voies assurant l'excitation
primaire et l'activation prolong;e. J. Physiologie (Paris), 59, 355-356.

L% Y

BINDMAN, L.J. & RICHARDSON, H.R. (1969) Pensisfing changes ipn the firing
pattern of single cortical units responding at short latency to weak
somatic stimuli in the anaesthetized rat. J. Phvsiol., 202, 53-55P

BINDMAN, L.J., BOISACQ-SCHEPENS, N. & RICHARDSON, H.R. (1971) "Facilitation"
and "Reversal of response" of neurones in the cerebral cortex. Nature

New Biology, 230, 216-218
e

BINDMAN; L.J., LIPPOLD, O.C.J. & MILNE, A.R. (1976). Long-lasting changes

of post-synaptic origin in the excitability of pyramidal tract neurones
J. Physiol., 258, 71-72P

BINDMAN, L.J., LIPPOLD, 0.C.J., & MILNE, A.R. (1976). Prolonged decreases in
cxcitabjlity of pyramidal tract neurones. J. Physiol., 263, 141-142P.

BINDMAN, L.J. & RICHARDSON, H.R. (1976). Enbancement of a phase of reduced
fxring in the response of spontaneously active cortical neurones to
somatic stimulation. J. Physiol., 263, 262-263F . '
: L A A Py ' .

BINDMAN, L.J. & MILNE; A.R. (1977) The reversible blocking action of topically
applied magnesium solutions on neuronal artivity ir the cerebral cortex
of the apaesthetized rat. J. Physiol., 269, 34-35P

* BINDMAN, L.J., LIPPOLD, O.C.J. & MILNE A.R. (1979) Prolonged changes in
excitability of pyramidal tract neurones in the cat: a postsynaptic
mechanism. J. Physiol., 286, 457-477

BINDVAN, L.J. & MOORE, R.B. (1980) Thceffect of cyclobeximide on the
production o{ prolonged increases in firing rate of cortical neurones

by somatic stimulation ip the anaesthetlzed rat. J. Pb&siol., 305,
34-35P, )

BI1KDMAN, L.J., LIPPCLD, O0.C.J. & MILNE, A.R. (1981) A post-sypaptic
mechanism underlying long-lasting changes in the excitability of
pyramidal tract neuropes in the anasesthetized cat. Proceedings of
a Conference on ""Conditioning: Representation of Ipvolved Neural
Function" Pacific Grove, California USA.  Oct. 25-27, 1981.

To be published, Plenum Publishing Corporation, N.Y. Ed. C.D. Woody.

BOOKS

* HBINDMAN, L.J. & LIPPOLD, O0.C.J. (1981) The KNeuropbvsiology of the
Cerebral Corte». publ. Edward Arnold, Loodon. pp495.

BIND!AN, L.J., JEWELL, B.R. & SMAJE, L.H. (1978) MNultiple Choice
Questions in Phyvsiology, with answers and explanatory comments.
Publ. Edward Arnold, London.
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CURRICULUM VITA
Name: Dorwin Birt
Birth Date: August 20, 1946 ;

Place of Birth: Wabash, Indiana

Nationality: U.S.

L an an an B g

Education: )

B.S., Purdue University, June 1968. Major: Psychology; minors Chemistry and
Mathematics

Ph.D., Indiana University, October 1974 - Physiological Psychology.
. ;
Professional Experience:

Assistant Research Psychologist, Neuropsychiatric Institute, UCLA '
August 1982 to present

Neurophysiologist, Huntington Medical Research Institutes
January 1982 to present

Visiting Research Associate, California Institute of Technology y
January 1982 to present

Senior Research Fellow, Division of Biology, California Institute of Technology
1977 to 1982

Research Fellow, Division of Biology, California Institute of Technology
1974 to 1977 f

Research Associate, Center for Neuroscience, Indiana University

1973-74 »
Publications ‘
Stewart, D. L., Birt, D. L. and Towns, L. C. Visual receptive field
characteristics of superior colliculus neurons after cortical lesions in the
rabbit, Vision Res. 13: 1965-1977 (1973). »
Stewart, D. L., Towns, L. C. and Birt, D, L. Visual receptive field :
characteristics of posterior thalamic and pretectal neurons in the rabbit, y
Brain Res. 57: 43-57 (1973). :
Stein, E. L. and Birt, D. L. Technique for stabilizing the presentation of !
auditory stimuli in the freely behaving rat. Physiol., Behav. 18: 729-730 \
(1977).
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1 Birt, D. L. Reorganization within the rabbit lateral posterior and dorsal

lateral geniculate nuclei following complete or partial neonatal
striatectomy. Presented at Neurosciences Convention, 1974.

kk Birt, D., Nienhuis, R. and Olds, M. Effects of bilateral auditory cortex
%? ablation on behavior and unit activity in rat inferior colliculus during
" differential conditioning. Soc. Neurosci. Abstr. 3: 231 (1977).

Birt, D., Nienrhuis, R, and Olds, M. Separation of associative from

k‘ non-associative short latency changes in medial geniculate and inferior

s enlliculus during differential conditioning and reversal in rats. Soc.
yf seurosci. Abstr. 4: 255 (1978).

K . . s

o Birt, D., Nienhuis, R. and 0lds, M. Separation of associative from

) non-associative short latency changes in medial geniculate and inferior
ﬁf collilculus during differential conditioning and reversal in rats. Brain
\ Res. 167: 129-138 (1979).

)

Jo . . ey a s . e

gﬂ Birt, D. and Olds, M. E. Distribution and response characteristics of rat
° medial geniculate neurons which show associative change during differential

conditioning and reversal. Soc., Neurosci. Abstr. 5: 314 (1979).

Birt, D. and 0lds, M. E. Associative change in neurons of intermediate and deep
layers of superior colliculus of behaving rat during differential appetitive

-

e conditioning. Soc. Neurosci. Abstr. 6: 425 (1980).
N Birt, D, and Olds, M. E. Associative response changes in lateral midbrain
“i tegmentum and medial geniculate during differntial appetitive conditioning.
- J. Neurophysiol. 46: 1039-1055 (1981).
AN Birt, D. Selective enhancement of acoustically evoked unit response in deep
layers of superior colliculus by differential conditioning, submitted for

o publication (1982).

jﬂ Birt, D. and Olds, M. E, Auditory response enhancement during conditioning in
N behaving rats. In: Conditioning: Representation of Involved Neural
L{- Function, Plenum, New York, pp. 483~502 (1982).
@

{j Birt, D., and Woody, C.D, Patterns of response to a behavioral US among neurons
o of the sensorimotor cortex of awake and anesthetized cats. Soc. Neurosci.
-.::. Abstr., 9:330, 1983,

™ Birt, L., and Woody, C.D. Intracellular consequences of US presentations in
?, cells of the motor cortex of cats. Soc, Neurosci. Abstr, 10:794, 1984,
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R Name: Haing-Ja Kim

3: Place of Birth: Korea Visa Status: Student visa
) |

- Date of Birth:  March 6, 1944 Sex: Female

. Marital Status: Single

N ~ Education:

B. §., 1967: Major; Physics: Minor; Mathematics: 1962-1967,

B Seoul National University, Korea

: 1971-1972, Special student at Korea University, Korea

" Major f1e1ds Psychology and Biology

iy ' 1973 (Jan.-June), Special student at Western Coliege, Ohio,

L)

2 . Major fields: Psychology and Biology

e 1973 (Sept.-Dec.), Graduate study at Bucknell University,
Pennsylvania,

y Major field: Physiological Psychology

' M. A., 1976: Major; Psychology: 1974-1976, Northwestern University

. Major field; Neuroscience and behavior

B Ph. D., 1978: Major; Psychology: 1976-1978, Northwestern
University, Evanston, Illinois .
Major field; Neuroscience and behavior

Y .
S Dissertation topic: Histochemical fluorescence study of the substantia
K nigra and role of the nigroneostriatal dopaminergic
< system in memory and motor functions.
Special Awards:
: 1973: University Scholarship, Western College & Bucknell Univ.
" 1974-1975:  University Fellowship, Northwestern University
‘ 1975-1976:  Teaching Assistantship, Northwestern University
° 1976-1977: University Fellowship, Northwestern Unijversity
b 1977-1978:  Research Assistantship, Northwestern University
. 1974-1977, Summer: Research Assistantship and Walter-Dill-Scott
: Fellowship, Northwestern University
¢ Professional Experience:
g 1969-1971:  Teaching assistant in Introductory Physics,
. Seoul National University, Korea
- 1975-1976:  Teaching assistant in Introductory Psychology and
o Elementary Statistics, Northwestern University
o 1978, August-present: Post-doctoral research; Intracellular
‘ recording from cortical motor neurons in cats
Ko
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Name: Haing-Ja Kim

References:
1) Aryeh Routtenberg, Professor of Psychology and Biological Sciences,
Cresap Neuroscience Laboratory, Northwestern University

2) J. Peter Rosenfeld, Professor of Psychology, Cresap Neuroscience
Laboratory, Northwestern University

3) Ronald Clavier, Professor of Anatomy, School of Medicine,
: Northwestern University

4) Rebecca M. Santos, Research Associate; Department of Opthalmology,
Medical Center, University of I[11inois, Chicago Campus

Publications:

1) Kim; H.-J. and Routtenberg, A. Retention disruption following
post-trial picrotoxin injection into the substantia nigra.
Brain Research, 1976, 113, 620-625.

2) Routtenberg, A. and Kim, H.-J. The substantia nigra and neostriatum:
Substrates for memory consolidation. In: L. L. Butcher (Ed.)
Cholinergic-monoaminergic interactions in the brain. Academic
Press Inc., New York and San Francisco, 1978.

Papers oresented at Neuroscience Meetings:

1) Kim, H.-J., Miskit, D., and Routtenberg, A. Retention impairment
of passive avoidance by post-trial injection of picrotoxin into
the substantia nigra in rats. Neuroscience Abstracts, 1675,
Vol. 1, pp 379.

2) Kim, H.-J. and Routtenberg, A. Retention deficit following post-
trial dopamine injection into rat neostriatum. Neuroscience
Abstracts, 1976, Vol. 2, pp 445.

3) Kim, H.-J. and Routtenberg, A. Fluorescence microscopic mapping of
substantia nigra dopamine somata and their dendrites: Relation to
dopamine and non-dopamine thionin-stained cells in identical
Vibratome sections. Neuroscience Abstracts, 1978, Vol. 4, pp 275.

Papers submitted for publication:

1) Kim, H.-J. and Routtenberg, A. The cytoarchitecture of the rat
substantia niqra: Catecholamine fluorescence and Nissl-staining
of identical Vibratome sections.

2) Kim, H.-J. and Routtenberag, A. Circling and turning {nduced by
unilateral injection of dopamine, GHBA, picrotoxin, or kainic
acid into the rat substantia nigra.
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CURRICULUM VITAE
Name: Michikazu Matsumura
Date of Birth: Sept. 2. 1949
Birthplace: Kyoto, Japan
Marital Status: Single
Present Address: Kyoto:University
) Primate Research Institute
Inuyama City, Aichi 484 JAPAN
Education
1969.4 Department of Biophysics Major: Molecular Physiology
- 1973.3  Kyoto University Degree: B. A.
1973.4 Primate Res. Inst. Neurophysioloqgy
- 1975.3 Kyoto University Degree: Master
1975.4 Primate Res. Inst. Nauroohysiology
- 1978.3 Kyoto University : Degree: Ph. D.

Scholarship and Relevant Employment

1973 - 1974 Scholarship from Japanese Government

Location: Primate Res. Inst., Kyoto University

Supervisor: K. Kubota, M.D.

Rgsponsibi1ities: Unit and field potential recordina from monkey
prefrontal cortex in awake and in anesthetized
state.

1975 Inter-Univefsity Exchange Program

Location: Dept. Bio]égical Engineering, Osaka University

Supervisor: . Tsukahara, M.D.

Responsibilities: Intracellular studies in cat red nucleus and
reticular formation after an ablation of
cerebellar nuclei.
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i

: 1976 - 1977 Scholarship from Japanese Government

: Location: Primate Res. Inst., Kyoto University

o Supervisor: K. Kubota,

5 Responsibilities: Intracellular recording from monkey motor
ﬂ cortex during voluntary movement.

p ( Doctoral Thesis )

K- 1978* Post-Doctoral Fellow _

; Location: Primate Res. Inst., Kyoto University
-é Supervisor: K. Kubota
4 Responsibilities: Histological studies of cortico-cortical
X afferents to hand area of monKey motor cortex
. with horseradish peroxidase.

" 1978 - present : .

- Assistant Research Neurobiologist

y Location: Neuropsychiatric Inst., UCLA
4 Supervisor: C.D. Woody, M.D.

. Responsibilities: . Intracellular investigation of excitability .
i chahges in facial motoneurones in conditioned
: cat. '

p
;. Publications ( papers )
Matsumura, M.
.E Intracelluiar synaptic potentials of primate motor cortex neurons during
- voluntary movement.
° Brain Research 163, ( 1979 ) 33 - 48
&' Matsumura, M. and Kubota, K.
g Cortical projection to hand-area from post-arcuate area in Macaque monkeys:
; a histological study of retrograde transport of horseradish peroxidase.
" Neuroscience Letters 11, ( 1979 ) 241 - 246
s
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Abstracts

Matsumura, M. and Kubota, K.
( in Japanese ) Visual evoked potentials of monkey prefrontal cortex:
projection pathways from visual cortex.
J. physiol. Soc. Japan 38 ( 1976 )

Matsumura, M. and Kubota, K.
Intracellular synmaptic potentials of monkey motor cortex during visually-
guided voluntary movement. '
J. physial. Soc. Japan 39 ( 1977 ) 347

Matsumura, M. and Kubota, K. -
( in Japanese ) PSP activities of monkey PT neurons preceding voluntary
hand movement.
Oficial Report of 2nd Annual Meeting of Visual and Chemical Perceotion
(1977 )

Matsumura, M. and Kubota, K.
( in Japanese ) Membrane properties of PT neurons in un-anesthetized
Monkeys. Oficial Report of 3rd Annual Meeting of Visual and Chemical
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Excerpted from : Memorvy, Learning, and Higher Function by Charles D.

Woody

Springer-Verlag, New York, 1982,

Chapter 7

Cybernetics: A Means for Analysis of
Neural Networks

The development of the stetisticel theorv of commusticztion is a landmark
tn the history of communizztion theory. Qur crimary corcem in 3 com-
munication or conmrol probiem is rie fiow of messages. Since the centrel
idea in tiie stansiical Lhzory 1S that messsges cng noise should be considéred
as ravdon plenomena, the tieory incorporates probadility theory oid gen-
eralized rarmonic anclysis in iss foundzsion.

(Y. W. Lee, 1960)

Commonsense approaches to an understanding of “higher function™ are use-
ful but, 25 we have seen, are basicz!ly introspective. Such approaches could be
il advised if used anaiytieally hecause of their intrinsic susceptibility to errors,
particularly those of the type illustrated in Fig. 6.6. Other, more objectve
means must be fouad to anaiyze the compiex integrative funciions of nesural
networks. As gur knowledge of anatomiczlly and phvsiclegicaily based mem-
cry and leaming advancss, so must cur 2xpressicn of this knowledge. Ta=
form of this improved excression is likely 10 be mathematicai and as specific
as expression of our modemn knowledge of zenetics and the geneuc codes.
The purpose of this chapter is tg explors some of the forms that are likely to
serve for expression of our knowledge of memory and learning.

Analysis of large populations of nsurcns can, in princinle, be approached
from the same standpoint as analysis of numericailly smail rellex networks.
The analyss requires application of systemms approaches from enginesring
disciplines plus consideration of the limiiing physiologz constraints that
apply to each system analyzed. In addition, since largs populations of neurons
deal substantially with the processing of information, their overail analysis
requires concepts from information theory.

This conciuding chapter examines possicle means for analyzing complex
systems using mathematics, enginesring, and pnysics. The approach s called
systems analysis, but when applied to acaptive systems, it is more properly
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termed cybernetics, the analytc scieace that deals with the control of infor-
mation processing in man and machine. By using the techniques described
herein, 2 dgorous analysis can be made of linear information processing
systems and, pedhaps. of some nonlinear systems as weil (582,583,1086].
Some reiexes within the brain can be assumed to behave as a linear system
and <n be investigated by linear systems analysis {429,1123]. Such an
analysis though properly applicacle only to theoretical systems meeting strict
. statisticz] criteriz, still provides the most useful beginning toward a rigorous
analysis of comglex nerve networks. It simplifies the complexities of the net-
works, leads to formulations of the transforms of gven inputs into particular
outputs, and generates more precise transioms than those presently existing.
A few suitable moadels of information trznsfer in the brain have besn de-

veloped that are amenadie to mathematical analysis {cf."18-22,566,338-841,
883,1033-1038]. The most elezant of these deais with image recognition, i.e.
the trznsmission and processing of sensory labeled messages arising at the
receptors. Minsky and Papert (672] have transformed certain problems of
image recognition intg problems of geometry—a transiormation that elezanily
simrlifies many proolems of analysis. Then, they have devised a theorem, the
Group Invariance Theorem, that provides a general analytic solution for one
- set of the geometry. In applicadon, the Group Invariance Theorem (p. 388)
adequat=ly describes the gecmetry of sensory recepiion for the components
of two specific models of elzments of an image recoznition network, the per-
ceptron and the informon. In these models. as in the brain itself, line labeiing
appears to be the key to foilowing the flow of information through its com-
_plex trensformation from sensory input into moter output. Flowgrashs and

- - - linear systems anaiysis are also helpful in this regard. ’
~ Each of these analytic approaches procerly begins by corsu:lerm.g known
constraints on the system to be analyzed. Therefore, before discussing the
models and their analysis, some constrains on information processing that

any useful model of brain function should satisfy will be considered.

Constraints

Time Constants of Neural Information Fiow

How rapidly can information be wansmirted and processed within the CNS?

Conducrion Time and Trengnission Delay -

As noted ezrlier in Chapter 2, the rate of zerve conduction is 2 function of
fiber size, with large axons conducting more rzpidly than small axons. Trans-
mission of an electrically propagated impulse 2long a neuron may procsed as
rapidly as 160 m/sec in the dorsal spinocerebeilar tract of the cat [363] oras
slowly as 0.5 m/sec in the finest, unmyelinated axons of the spinothalamic
system [692]. Thus, while it could take as little as 2 msec for propriocepuve
information concerning hindleg position to reach the cerebellum of the cat
(a distance of about 320 mm), it could take as long as 640 msec for infor-
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Automata Design

L Recsptors
A 9,)-]
kBB
@ %t

Il. Spatial signal-serial processor-temporal code

eiements |

_—em- e ee" . -- -

931 = 3:932 = 3:

Discriminates 8, but not A, D

'8 = 2 9

Ouscnnmates A, B, D ance survives
ablation of any 1 of 3 inguts to aq
931 = Z‘eaz =1

Discriminates A, 8, D and survives -
ablation of any 1 of 3 inputs to ay
andlor a5 -

Fig. 7.5. Examples of the components of different automata. [. Receptor ele-
ments common to each example. The uppermost of the four elements is re
ceptive to (and inrersecred by) the letters 4 and B but not D. The iowest ele-
ment is receptive to B only. The receptivity of the remaining rwo elements is
as indicated. [I-{V. Automara with different network architeccures: I, serizi
time dependent, IIl, parcilei percepiron, IV, parailel pandemonium. In [I three
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{V. Festurs weighting and analysis plus feedback control

Oata Iy integrators

~~f{eeaback control

“Pandemonium”

V. Festurs.detsction and evolution

Decision

/5

Cognitive (1,} or integrative I; = I\ |a,

7N

P 2 | ‘ . | Data znafyzers, a, with feature weighting { X)
7N 7N ' w =53] ”
i
a,, &8,, 8,4, are various analytic operators: Selection is based on
e.q., template matching, summung, the sum W, of the
ditferentiating, etc. weightings 1, of the g,

-, Individual features analyzed

different coded outpuzs of the decisional element, d, are shown to the right.
Below, the ambiguity of this coding is illustrated witen its beginning in fime is
uncertain. {n Ul changing 8, the number of inzuts required 1o fire the second
order elements, changes the discrimincdve property of the nefwork s dis-
cussed in the textand summart=ed in the diagrem to the right. [n [V a variasion

~on [II introduces feature detecrion (e.g., summation, filtering, erc.) as well as
g

feedback control (heavy dashed line) into the circuit. A version of [V is
shown below (V) in which detcils have been inserted after Selfricze’s zande
manium [883]. Selection of evaluarionr of the individual demons for germu-
tation is based on Wi, the sum of the weigitings, A; of the indivigual fearure
detectors, z.

The filled circles represent serial time delay elements. The elements com-
prised by dashed lines represent a clocking mechanism that kaeps track of
time following presentation of the stimulus pattern at the recsptors.
Depending on which receptor is activated, a time coded signal l--, -1-, or
—~1 will be generated at the decision-making element, d. Note that if track
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is not kept of time (see Fig. 7.5, II, lower right), the cods beccmes am-
biguous. Though the example is oversimplified, it is quite represeatative of
the type of processing that is widely used in digital computers.

The term parallel processing was originally used to designate performance
of the same processing operation by more than one channel at a time. The
purpose -was to support majority logic and redundant signal processing as dis- w
cussed earlier. Multiplexed, parallel processing resembles much of the process-
ing done by the brain. In the example shown in Fig. 7.3, I, the second-order
elements receive redundant messages and paralle} processing is used to geaer-
ate a “decisional™ output at element “*d”. As can be seen, this type cf pro-
cessing has remarkable soning or discriminative properties when adaptation is
introducsd.

If each of the second order elements in Fig. 7.5 Il is set to fire when thres
inputs are received (3/3), the nstwork wul distinguish B, but not A fom
D, ie, 3y (fires) = B. If the “thrsshold™ is reducsd to dischargs upon re-
ception of two inputs (2/2), the natwork will then discriminate A, B, and
D. An A will be designated by no discharge, 3 B by discharge of bota
elements, and a D by discharge of the lower element, Le, 3,2, = A (or
nothing presented), a,a; = B, 3,3y, = D. Moreavser, the network will
continue to function despite desiruction of aiy onz of the taree input
lines to the upper element.

Although one must beware of making exact transpositions between
mechanical and physiologic models, many of the same, general theoretical
considerations concerning learning, memory, and even higher functoa zzoly
to machines as to physiologic systems. The machines givs us 2 physical modal
which is more accessible (o analysis and is more ezsily studied. Three machins
automata stand out from the others in providing msightful models of lzarming
operations, component interactions, and the constraints thereof. They are the
perceptron, pancemonium, and the informon.

3

,. Perceptron

-’: The perceptron represents an early attempt by Rosentlatt and colle2gues to
- develop 2 leaming automaton based on their concsptions of brain organiza-
- tion [838-841}. In this device, the componeats consist simply of modifiasle
D elements and their interconnections. As shown in Fig. 726, a is the sum of
:‘.‘:‘ the companents ¢(y), ¢xch weighted by a . When the weightings are modified
S (Aa), the system can adapt to distinguish a particuiar input, jdentified when
: ¥ is 2 some predetermined value, §.

a

2 _ : _ ¥=Ca,eC)>4], (7.2)
4

. where Aa reflects adaptation.

N The example of parailel processing (Fig. 7.5, III) can be viewed 25 2 per-
:' ceptran by making d = = and considering 3; and 1, as having weighted inputs
" depending ca the threshold settings, 8,.

5
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In such systems, the performance of patiem reccgnition can pe adaglively
improved with relatively simple zigorithms of element mediit c::,cn 25 {dus-
trated in Fig. 7.5 (additional digorithms are listed on 3. 332). Although m.s
can be done among elements with randomly orgznized connections, as U
original perceptron demonstrated, 2 more efficient operation will be 2rovids
by 2 nonrandomly orzanized network Thus, the organization of the adaptive
network may become a critical variable in the learming cparations that are

. performed by such a system.

Pandemonium

An example of a2 nonrandomly organized automaton is pendemonium of
Oliver Selfridge [883]. Its organization is hierarchical, being characterized
.by multiple layers supporting different operations as shown ia Fig. 7.5, IV
and V. The initial layer agz2in consists of simpie recegtor or data collecting
elements, termed data demons by Selfridge. The second jzyer consisis of
- specialized analyzers or computational demons. They procsss incoming data
by stereotyped procedures such 2s matched ftering, summaden, or differen-
tiation. The third layer consists of integraiors or cognitive demons. They iniz-
grate weighted inputs from various computstional demons. Finally, a decisicn
maker or “decision demon”™ selects the loudest or most aciive cogritive
demon(s) and by its (their) idantity gives priority to a selectad set of recsztors.

Within this hierarchy, adzptation occurs according to ruiss of reinfores-
ment specified in terms of the effectiveness of each element in cerforming tha
selected recomition tasx. Elements which zre more contributory to successiy

i image recognition are positively reinforced by increasing their weighting. Ele-
ments which are less contdbutory are eliminated. Permutztions of the znaiy-
tic algorithms of successful elements are generated to replace those of unsuc-

cessful elements. Hill-climbing techniques are used to securs continued im-
provements of the adaptations with extensive attention paid to the orool:m
of avoiding false peaks.

" Several insights into adaptive information processing 2re providad by pan-
demonium. Pandemonium is characterized as a chaotic operztion %ith damcns,
subdemens, and sub-suddemons shriekdng their cutputs, sdagting, deciding,
and sometimes evolving. However, the chaos tums out to b= more ordedy than
expected. All the analytic functions ars particuiarized and are, t¢ 3 sigiificant
degree, predetermined. Despite the great degee of adagtzbiity within the
hierarchy, the hierarchy is relatively fixad. The reason for this is that, al-
though the adaptability permits evolution, it is along 2 predic:zatie pathway,
and occurs within a particular hierarchy. ("hxs feature appezrs to have [ed
this particular automata to a particularly tenadous pursuit of false peaks
during hill-climbing adaptive operations.) Differences in the desizn of the
hierarchy selected for Pandemonium versus that shown in Fiz. 3.42 may

°
3

therefore be of some consequence. The ability to switch between elements 5
may need to be matched by an ability to switch between hierarchies. R
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% Informon

; The informon model of Uttley [1033-1038] taxes a somewhat different
,; approach to the desizn of an automaton, concentratng on improving the
:u construction of the fundameatal adaptive 2lement itself. The basic informon
) consists of 2 singie eisment with muitiple inputs F(xp/ and an output (Fig.
7.6). The inputs have variable weightings, @ One of the inputs is defined as a

,"' . reinforcing input F(z) with a fixed negative weighting, -k, There is also pro-

0 vision for negative feedback of information concerning the operztional state
of the element, F(YL The cegative feedback is required for siabiiity of the -~

X adaptive process. F{Y) is some function of the output of the elemment prior to

the state of binary, spike discharge. Tnere is finaily a threshold device, 8, at
or just before the qutput, which can be used to discriminaie between difTerent
sets of inputs.

Several additional variables (or constraints) are required for the informon
to discriminate successiully one particular input Ffx;/) from another, F(x;).
These are: : :

1. The algorithm by which ¢; is altered (A a).
2. The need for a reinforcing input, F(z/, to cistnguish or identify which in-
put signal is the particular signal to be discrirninated.
3. The need to achicve some system normelization through negative (not
" . positive) feedback of mformation regarding the cument system state,
F(Y}) _
5 Note 2iso that by rpicking the adaptive algorithm correctly (e.g., log of the
"“ mutual informatica Detwesn inputs), one cn greatly facilitate both normali-
zation and input discimination. . )

(a

rersrrarf Yo ey

-

By Algorithm for A :

The trick here is to choose an algorithm that will produce S-shaped adaptive
operations such as are found with conditioning or other simgple forms of
learning. It.will also be useful to have a decay or extinction phase of adap-
tation. Adaptaticn is performed by changng the weighting, a, of an input.
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Fig. 7.86. The basic informon element. See tex: [c- [urther Jetals (A[ter
@ Uttley (1038].)
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Figure 7.7 shows such an operation zraphically and enables us !0 see how 2
particular cheice of algorithm may or may not produze 2 sitatle char ange in
weighting.

Uttley points out that 2nalysis in the phase plane between change in
a(ie., Aa) and «a itself reveals the limitations of cemamn aigorthms, nowbly
those proposed by Hebb [397] and by Brindley [97] and Marr [646]. Tris is
shown in Fig. 7 8.

Hebb's postulate that an input causes an increased output simply indi-
cates that if a is positive so must be Aa. This postulate placss the algo-
rithm for acquisition within the right upper quadrant (++) of Fizg. 7.8, but

" fails to specify a reiationship or slope berween variables Aa and e« Brndley
[97] and Marr [646], in effect, consider a pathway with two states, one
injtial and one final, in which Aa and « increass together. With Limiting
values this reduces to an all-or-none, two state precess. Without Umiting

* values this represents an unstatle system with positive feedback whica wili
lead to regenerative explosion (line “*a™ in Fig. 7.8).* Uttlay picks an
algorithm which allows the values of A« and « to {luctuate in the mannes

” shown by lines "*4’" and “‘¢" of Fig. 7.8 [1036].

System Normalization by Feedback of System Siare- =
—_ —Uttley points out that regenerative explosion may be avoided by introducing
2 normalization process, such as that of Malsburg [1047]. However, Mzls-

—_— burg’s type of normalization shows an overly restrictive range of succassiul

Adaptation in an Informon

Stable a Unstable

N
)R
S

4

)

Acquisition

-@inczion Acquisition
_—/-\\\
NN

> Time —> Time

Fig. 7.7. Adaptzrion in an informon involves changes in a, the weigntings of
" input, over time. [n the exampie to the left an increzse in @ occurs dunng sc
quisition of inpur faclitcition and a decrease occurs during 15 exiinction or
defacilitation. The parallelbetween this and conditioned benavior is deiibercte.
In the example to the right acquisition is an unstadle process with « declining
unintentionally past a certain trensition point. Tihis mey occur beczuse of fail-
ure ta regulate the system state appropriately during the adaptive process. See
text for furtherdetailsabout regulating the system siate (Afier Uttley [1036].)
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*This problem is aveided in some nanlincar systems that change state as levels reach cer-
tain imirs.
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"
: Phase Plane Between Acand «
\ .
) Aa/N\ +
o
1
) *
P> h - ’ +
N
D - , > a _
\ V i
' /s
X max
Fig. 7.8. Phase plane of @ versus change in a (ie., &) Stare changes along
“a'" such as those proposed by Marr [6346) and 8rindley [$7) are unsiable,
. while those clong *“b'' or “c"" are not. b mirrors the state change during acqui-
sition in Fig. 7.7; ¢’ mirrorsthe state chenge curing exzinction. (Ajter Uttley
[1036].) i
L
L
X
A
b
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. operation when applied to a system with positive feedback. To aveid this,
Uttley tums to negative fesdback as shown in Eq. 7.3b. Thus, the adaptation
: of his element, and prebably some neuronal elements as well, depends critical-
. ly on negative feedback of injormarion concerning the system scate, F(Y).
| . Neormalization results in part from the negative feedback of information con- .
cerning the system state (Fig. 7.9) and in part {rom the choice of adaptive
algorithms descrived below (Eqs. 7.3a,7.3b,and 7.5).

f-. Ac; =-kF(x;JF(Y), (739)

. where F{Y) = T fx;/a; and & is 2 positive constant.
e However, this is still not enough to permit suceessiud input discrimination,
. which depends additicnally upon introduction of a reinforcdng ingut.
. .
o _ Reinforeing [nput ,
g . . .~ . . . - . ..
p Reinforcement, or identification of the particuiar input #7x;/ to be discrimi-

i nated or enhanced by increasing o;, is done by introducing a segarate, label-
e ing input £{z/ with a. fixed and negative (Eq. 7.3b).

Baj ==kF{x;) [SiF(x;) aj + F{z) a:] (7.35)

Given an input F(x;), a; will increase if F{z/ is preseat and will decrease
S if F(z) is absent. With repeated reinforcement, a; assumes the function of the
e acquisition ¢urve shown in Fig. 7.7 (left) with Ao; = a4 = o; (line “27 of
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% Significance of Locus of Negative Feedback of Information Concerning Sysiem State
Relative to Level at which the System State Becomnes a2 Binury, All<or-None Qutput
T.
o
,, System A _ _
) .
:: ~ nhegative feedback Region of tinary
;] i "} Ltfansformanan
! . il
* ‘ Acaptive
< . element waK™
"l
K«
System B

/T negative feechack

. A sf bina
o y _ Aegion ary
[ 4 A - <~ transformation
‘ x
s Adaptive! 0
] -
¥ eiement “Not QK"
A .
$ Fig. 7.9. By changing the locus of negarive feedback so thar instead of scmp-
W ling the internal state of the aczptive element, as in (A}, one sampies only the
o binary output of the acaptive element, as in (B, one loses informazion re-
$ quired for normalization and an unsarisfacrory adagtive process may ensue.
N The location of the birary encoder is shown 5y ||\ (Cf° Ustley [1033].)
o . Fig. 7.8). Without reinforcement, a; assumes the function of the extinciion
£} curve in Fig. 7.7 (left), with Aa; = a; (line “c” of Fig. 7.8). Without z rein-
: forcer, F(z), a curve such as that shown in Fig. 7.7 (right) would be obtained.
Al The transfer properties of Uttley's adaptive element are designed then to
W) . e .- . . .
simulaie the S-shaped acquisition curve of conditioning plus its decrement
. during extinction. Considerable attention is also paid to centrelling and Lmit-
-; ing elemental adaptation by closed loop, negative fesdback of the element’s
"y internal state. This variable provides a significant constraint on the opzration
j of the adaptive element and may constrtute 2 general reguirement of succass-
g ful self-organizing acaptive operations.
® . , .
a Murual Information Consgrain ‘
- Uttley imposes one further constraint on the operation of 2n informon, name-
k- ly, that @ be a modification of Shannon’s mutual information function™®:
15 .
N~ - P(x;md Y) (
) log =1{x;:Y)
: Px)) P(Y)
‘J
» *see p. 381
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This coastraint @n te zpplied to the operaticn specified ia Eq. 7.3b. As a
result: ' :

a; =K[lnFlx) = nAY) - lFx)A(N]* (7.4)

orto simplify .

a; =-KI(z;:Y) 75 .

Thus, an increase in F{x;) will resuit in an increase in @;; an increase in

F(Y) will also increase a;, but an inerease in F{x;) F{Y) will dzcrease cz,-.T o

In suromary, parzilel processing systems with adaptive elements appear to
handie discimination tasks quite easily. Hierarchiczily organized networks,
such as pandemonium, with aon-uniform elements and spedalized adagtive
properties can nandle some forms of leamning with particular ecse, but may
cling tenaciously to errors in discriminadon arising from their particular de-
sign. (This erroneous “behavior™ is not unlike that of perseveration and negz-
lect descrited in Chapter 5)) Other autcmatz, such 2s the informen, may rely
on optmized properties of more uniform adaptive elements. As Uttley has
shown [1036-1038], the adaplve weightinzs must change in ways that are
nonexplosive. Introduction of negative feaddack of informaton conceming
the state of the controlied system can contnibute to 2 pormalizztion process
which, in tum, can recucs the pessibility of exrlosive change, Other Jeatures
such as relaxaticn of inrreased weighuag and discriminative control of the
weighting changss of csrain incuts require addidonal featurss. These may
include particularized dependencies betwesen inputs such as the mutual infor-
mation feature of Uttley’s mode! or lak-!+d reinforcing inzuts such as £/z) of
Uttley’s model.”

By slightly redefining Uttley’s arcuits (Fig. 7.10), it ic possible to form
dosed loop, positive fesdback pathways that might support motor lzbeling in
classical, associative conditicming (ses Chagter 3). Poutive faedback would
augment 3 particular message of motor signi{icance transmitted within a spe-
dfic, closed loop circuit. The augmented meassage would facditate the forma-
tion of adaptations along the pathway. Another machanism (e.z. inzctivation)
would te required tc 2void expiosive change. :

Further suzport for a possible role of positive feedback in neural control
systems is fumished by Freeman’s mogel of clfactory buib crcuitrty [299].
In that model, the effect of the stimulus is 10 increase fesdback zin in an ea-
semble of nsurons that ars receptive to the siumulus. “if a local ensemble con-
taining senstized subsets that are muwm=zlly excitatory is excited, the basis
exists for a regenerative increase in aCtivity in response tO an 7w.guate stimu-
lus™ [299]. The model has five main features:

*31 simplification: preperly, the equation incorporates the ensemble average of the fre-
gquencies of siznal occurrence Sce Uttley {1036].

TFurther matenal concerrung these equations can be found on op. 381,382

:FOY forther parnicaiarzanons of iateresy, see Urtley, A M. Jnformastion Trensmussion in
the Nervous Sy riem. London: Academic Press, 1979.
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Feedback of Motor Labeled Information

| et o
: P g
Fry! ).___*' .
:
L Motor lakeier
. N IS
| A
Fexy) = - >

%
us

Fig. 7.10. Schema for motor (M) labeled reinforcements derived from Uttiey’s
informon maodsl The IS scrivates neurons which act direc:ly (or indirectiy)
as the F(z) input. Selective labeling of the “upstream” neurons which project,
selectively, to the activated units is potenrizred becquse of positive feedback
within the circuury. For this scitema to apercte successjuily, some fezrure
such as local recurrent inhibition would be reguired o monitor the syscem

. state and prevent explosive bulddup from the positive jeedback. IS=feedback
of information cancerning inrernal system state.

1. A nonlinear signal range that is near linear about the origin.
- 2. Bilateral saturation with gzin approaching zero at both extremes of wave

amplitude (this feature provides stzbilicy).

3. A 2:1 asymmeuy of rhe ssymptoles of the circuit transfer funcion
(arising from the features of the olfactory bulb and cortical electropnysi-
ology on which the system is modeied).

4. A gain that increases with positive (exdiatory) input.

S. A gzin that is modiflable ina pattern that depends on backzround orsteady

state. activity, which in tum is presumed to be unde: centrifugal control.
.‘-

‘::' The positive feedback should satisfy three constraints for stabiiry: (1) the
- regenerative effect should not be unduly perturbed by noise, (2) it should be
.’ self-limiting in maximal amplitude, and (3) it should be rapicly self-terminauing
Py to permit additional inputs to pass {299].

] .;

- Analysis

~

N Analysis of the arganization of systems as complex as the brain need not be
s

considered impossible when systems invelving comrlex comnunication (tefe-
vision), leaming (computer autemata), elaborate control mechanisms (guided
missiles), and even uncertainty (the atom) have proved amenable to analvas.
It is possible, in principle, ta analyze a complex system if it is fimte, obeys
the laws of physics, and meets the constraints of the analytc method.® This

*One should never underestimate the :mportance of this latter consideration (see pp.
22-401 and Epilogue).
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352 Cybernetes: A M+ans for Analysis of Nevr1 Networks

is so irrespective of whether the sysizm is bioloZical or mechanical. Means ex-
ist, such as linear systems znalysis (p. 366), for partirioning many complex
systems into relevant suboperations that are easier 1o anaivze, and some
neural systems zre amenabie to this fomm of partitioning [-‘»29,1103.112_“}.
Other means such 2s flow graph techniques (p. 368) can be used to anaiyze
‘neural network operaticns on a ceil to cell Gasis despite complex interrela-
tionships inciuding fesdback berwesn receptor and effector functions. Finally,
means can be found, s by computer stnulaticas to reassemble and test the
analyzed component funciions with reference to the overall organization of
the network. _
Apart from comglexity, another objecdon that is frequently raised to
“analyzing brain functon is that geneal physiczl theories comparable to those
found in chemistry or other basic dis@plines are lacking. While it is true that
theories of information handling are not so advanced as those in cther fisids,
the existing theories nave besn found appliczble to predicuve treatment of
information handling by real systems. Tiie usefulness of Shannon's infor-
"mation coding theoriss in the cormmunications industry is well established
and has been comrglementad by the emergzace of additional theories in the
areas of systems control. The chzllenge for neuroscientsts is to develop
‘extensions of the abave thecres that are appizedle to treaument of specific
neural information precessing systems. The basic purpose of the matedial that
follows is less @mbTdous. being simply to outline soms of the pcotentaliy reie-
vant analytic methodclogies.

Signa.l Analysis

Thc fundamental idez of Wizner and Lee’s approach to analvsis of communi-
cations systems is that messages, signals, and noise should be consicared sta-
tistically and described in terms of probability theory [382]. Messages are
information carrying ﬁ.'ncx'on . i.e. member funcuons in an ensemble, or
numenca]ly large aggrezaie, of signais (relevaat information) end noise (irrale-
vant information) and their combination. Cormunication theory has led 10
analysis of linear message-transmnission systems using convelution as the basiz
analytic device. Givea alinear svstemn (p. 396) and consideration of signais and
noise as random procssses [582], sigmal analysis can %e performed by time
series analysis udlizing (I) Fourier series, (2) power spe=iral dangty, (3) cor-
relaticn, and (4) convolutioa (Table 72).

Most dgnals to be analyzed within the CNS are changes in voltage or cur-
rent as a funczon of time. Ta determine the soucrure of asignal, it is analyzed
in terms of its frequency components (ef. Figs. 330, 7.11, 7.12, 2nd 7.14).
The signal may be described in terms of its major frequency components
(Figs. 7.11, 7.12) or, more precisely, in terms of the power consumed across 3
1 ohm resistor by passage of the different frequency components of the signal
(including harmonics). The latter iscalled the power spectral density (Fiz. 7.14).
Some information, that conceming the phase of one frequency component

* k k k k k k Kk k %k
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Control of Adaptive Systems

Linear systzms zanzlysis admits 2 general theory of adaptive cantrol previded
that the system is linear 2nd the usual constraints are satisited. One constraint
is that the result of scéz2ptation daspend on the entre past history of adapta-
ten within the system. Another is (usuaily) that the transiar function of the
system be time invariant.

When using this :heory adaptation is introducsd 2as a controiler function,
gt/), as in Fig. 7.24. It coserates by edding en additional inpur w the system
much like £7Y), the aegative fs2dback of the svstem state. in Uttley's infor-
mon. It does not dirscily modify the original system transfer fuacuon. &(¢/.
To do the latter would lead to a ume-variant or seif-organizing adaptive
system which could ezsily be nonlinear and, therefore, no: amenadie 10
analysis by this theory.

" For a linsar system with the feedback circuit shown in Fig. 7.24(.-&). the
output, Y/r)isa function of the input, X{t). the sysiem transter funcion. 41}
and the controller function, gft). If the LaPlace transfomm, F7s/, of each func-
tion is taken,

eg. Output Fly)= c[Y(r) = f Y(1)eics, (7.49)
. ) -

(note relaticnship to Fourer transform, Eq. 7.6), then, for a linear system,

‘where hXfG =F(s)F (s) (730)

ie., in the absanc of a centrol loop, - _

Fly}=Fix) F(h). 7s1)

The output of the linear system with negzrive feedback (Fig. 7.24A) may
therefore be expressed as

Frh] £f=)
Fly) =——— 752)
L+ F(n) Figj
For the feedforward circuit shown in Fig. 7.24(B),

Fly)= 1+f(g) Fix)F(h) (7.53)

assuming posinre fesdforward.

One may wish to consider the linear control circuits of Fig. 7.24. the
designs of automata shown in Fiz. 7.5, and the 2igorithms of adaptation listed
on p. 395 in relation to the descriptions of control svstems that follow.
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Control Systems
Several types of control systems are recognized, each with its own critical
feature(s). For example, there are:

Control systems:

1. With or without memory.

2. With or without set point variance.

3. With or without self-orgznizing adaptation.
4. With open or closed loop controL

5. With fesdforward or feedback control

The list is by no means complete or (in considering how to classify different
types of switches, flywhesl govemors, thermostars, and innate or [eamed be-
haviors) are all of the differences unique or muwally exclusive.

Adaptations involved in contrel may reach some maximum or minimum
value, or may procesd at some steady state level with or without range
bounding as was described earlier (Figs. 7.7, 7.8).

Open Loop Adaprive Controf Systems
An open loop control system receives no feedback information regarding the
state of the adaptive system. Thers may be indirect fesdback of information
\ (e.g., from the environment and changes therein caused by the system’s
operation) to support the predetsrmined system operation, but not to cause
the controller to adapt. Conuol is =xcraised eniilly Dy predstermined
adaptations based on the detzction of gredefined contingsnciss. Thus, in a
thermostat zdaptation occurs on the basis of tempera’ure detaction plus a
prespecified contingency (if the temperature is low, tumn on the heat; if high,
tumn it off). There is no fesdback to ziter the rulss of adaptation based on
past performance. There is instead an input of ambisnt temzerature and a
fixed course of adaptation contingent on its level. Neuronally, cpen loop
adaptation may be contingent on two different synzptic inputs occurming
. _ together, as with heterosynaptic facilitation and inhibition.
) Open loop control systems will typically have great stability since their
“l _ adaptive features are entirely predetermined. However, it may be difcult to
> achisve a2 control operation of high seasitivity with an open loop system. This
is because the accuracy of control depends on the system’s inital caifbration
and on the precision of the involved components. The cperation of open loop
: control systems will be vulnerable to component breakdown or interferencs
~ from outside noise that was unanticipated in their odginal control design.
Driftage away from the initial component set point is uncorrecable with an
open loop control system. There is also no possibility {or self-organizing adap-
tation, since there is no regard for the present or past system state.

Closed Loop, Feedback Control Systems

A closed loop control system normally uses feedback concerning the value of
. a controlled variable or the state of the adaptive control system, as a means to
p © control further adaptation. In a closed loop, self-organizing control system,
the response of the modified elemsnt shouid have a direct effect on the

.’
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control action (Fig. 7.23A). This circuit may be compared with that of a feed-
forward control system (Fig. 7.24B) in which information from the input
modifies the controller without regard to the system state.

Either feedback or fesdforward circuitry can be used to reducs the error
or improve the response time of linear control operations, such as described
earlier, and the drcuitries may be either positive or negative. Because of the
dosed loop operation, fesdback may have self-potentiating effects when it
operates either as 2 suppiemnental control input to the system or as a seif-
organizing modifier of the system’s original transfer function. Positive (re-
generative) fesdback is distinguished from negative (degenerative) fesdback in
that the former augments the gain of the loop system and can lead to explo-
sive buildup. Positive feedback returns an output to the input so as to add
another, positive input. This wiil permit rapid change or increased sensitivity
of the system by which transforms between input and output are performed;
however, it also tends to unstabilize the svstem and increase distortion of the
signal input. Negarive feedback returns the output 1o the input in such a way
as to add another; negtive input. Negative fesdback then decreases the gain
of theloopsystemand can lead to damping or 2 cut off of signal transmission.
This tends to stabilize the transfer between input and output and reduce distor-
tion, although the sensitivity and rapidity of the transfer operation may be
reduced.” -~

Negative feedback control systems have a system response that is relatively
insensitive to brief external disturbances and to intemal vazations in para-
meters of the operations controiled. This is because the output, e.2., F{y/ in
Eq. 7.52, approaches £(x) + F(g) if F{n) Fig) > I. Thus, smai deviations in
component operatinns or sven the original control paramaters msy not overly
disturb the control system, provided that their manifestations are accessible
to the control loop. This permits relatively noisy components to be used for
the system operation. Nate, however, that when a cosed loop system is

(A) Feedback (B) Feed lorward
Hr) Hry
Yey o Xit) Y
7
& l_} g'n

Fig. 7.24. Linear systems witn feedback control (A] and feedforward control
(B). The systems have input X(t), transfer junc:ion H(t) and output Y ().
£/t) and g'(t) are the conrroller functions. Differences berween applying the
outpur of the controller function as an “‘extra ™ (cdditive) syszem input versus

- applying it to direct adzpection of the sysiem transfer funciion are discussed

in the text.




.

B

f

«Fale u'a a ¥ 4

PO NE S

To -
et ¢ -

PP Tt o O}

@ T

]

L2 my re 4y g0

.

At aka

N

386

PAGE 88

Cybernetics: A Means for Analysis of Neural Networks

carrying a range of frequencies.aver the feedback path, the frequency charac-
teristics of the network may become an important source of error. At one fre-
quency the ghase of the signal fed back may De such as to produce negative
feedback, but at another frequency the phase relationships may be such as to
cause positive feedback, and osdilations may occur. Stability of control can
therefore be 3 problem with closed loop control operations. since with closed
loop adaptive control, there may be oscillating errors of overcorrection leading
to explosive instabiiity or drift in an undesired direction. Thie latter feature,
taken in 2 converse manner, lends itself to self-organizing adaptive control,
provided that some means be found to avoid maladaptation.

Some typical characteristics of closed [oop systems whnich may be of inter-
est with regard to their possible use in the design of self-organizing systems
are as follows:

1. Some stable closed loop svsiems tend to have a transient response per-
formance which can be predicted from the steady-state, closed loop plot
of magnitude versus frequency (e.g., Nyquist plot).

2. A system designed for optimal sieady-state operation may have unstzble
transient characteristics.

3. Self-organizing adaptive systems, ie., control systems that incorporate
time~variance based on system operation into the adaptive scheme, must
have some means of evaluating how well the control operations ars being
performed. This index of performance must be relizble and unambiguous
with respect to the optimal range of operation.

4. It should be possible to obtain a performancs index without disturbing
the operation of the system and in a form which is amenable to insertion
into that part of the systemin wirich control of adaptation is accomplished.

5. If hill-climbing techniques are used to control steady-state adaptation
[eg.,883], false peaks must be defined and avoided. '

Other Mathematical Techniques

The two theories that follow are introduced because of their promise for
advancing our ability to analyze complex adaptive networks. Their meation
is abbreviated because of their noveiry and because so little is known at
present about their proper application.

Ergodic Theory

Ergodic theory “is concemed with the average behavior of large coilections of
molecules that move randomly for indefinite periods of time . .. Ergodic the-
orists commonly deal with measure znd probability spices and have developed
powerful theorems involving ramification of these ideas [537]." The reader is
referred to Kolata (537] for further discussion of ergodic theory.

Field Theory
*“Field theory, as elaborated by Weiss, Wolpert, and others,” indicates that a
field “can be defined operationally as a domain within which changes in the

AN \':r-"

e A A AT
PO I A TN >

g A,




PAGE 89

’

Specific Theories of Line Labeled Information Handling 337

presumptive fates of cells can occur’ [300}. Cels may be assigned positional
values zccording to ueir physical locations in the coordinate system of 2 par-
ticular field. [n terms of positional information theory, the fieid can be de-
- fined as a set of cells which have their positions specified with respect to the
same coordinate system. Further information is available elsewhere [3CQ).

Specific Theories of Line Labeled Information Handling

A Geometry of Perception—Processing of Sensory Labeled Information

Minsky and Papert [672] have uncovered the beginnings of a powerful
mathematical theory concerning 2 geometry of perception pertaining to the
processing of sensory labeled information. The theory aiso deals with acap-
tive features of the processing. The topologic transformation of probiems of
image recognition and percepticn into problems of line labeied geometry is
insightful and potentially more useful than these authors may have i imagined
originally.
As shown in Fig. 7.25, image processing involves sets of recegtive elzments
that receive and process aggregates of sensory labeled information. Ezch
unique, sensory lateled set independently procasses its sensory agzregate 2c-
_cording to some function, ;. The results ot processing by each-set-are com-
. bined by means of a function Q to obtain 'the vaiue, y The problems o0 be
resolved are:

‘1. How can arrays of this sort be orgenized to permit a particular ¥ (X) to be
2 useful designator of a particular input, X, at the receptor elemants?

2. Can a geometry be devised that will describe this process precisely and de-
fine some reasonabdly optimal approzch to this problem?

Minsky and Papert begin their soluden of these problems by pointing qut
that some meaningful restrictions must be placed on the function Q and the
set & of functions ¢;, ¢a, .. . ¢, if the geometry is to be useful. And they
point out that previous treatments of this type have been more z2necdotal
than mathematical. ‘

It is aiso de<irable to introduce variable weignting or some other potential
means of adaptation, into the analysis. As shown in Fig. 726, weightungs a,,
@3,...,Qy May be assigned each function ¢, ,¢;.- ... ¢p.

In addition, §2 may be replaced by a summation or intezration funczon.
Z, and a threshold detector, §, may be added to desiznate a particuiar value
or region of . When « is variable, this consututesa simpls parceptron, named
after the automata of this generi type that were designed by Rosenblatt
[838-841]. it is nated by Minsky and Papert that in such automata « tends
to grow faster than Q2 in adaptive processing operations requiring memory
storage.

The more complex perceptron admits multiple, redundant inputs as shown
in Fig. 727. This type of processing of sensory labeled information corrs-
sponds closely to that carricd out by the nervous svstem and is amenable to
analysis by means of the Group lnvariance Theorem.
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A Simple Image-Processing Automaton

Fig. 7.25. An example of simple, multipie chénnel, image processing., See
text for further details (From Minsky and Pzper: [672].}

13

Greup Invariance Theorem , :

The Group Invardance Theorem of Minsky and Papert permits analysis of
perceptron operations (i.e., the geometry of sensory image procsssing) by
algebra instead of statistics. This theorem examines the relaticnship between
all possidle receptor activations (all sets of sensory labels, 7,, 71, .. ., rp) and
their representation acress a theoretical space of a0 (X) for ped.

A Perceptron

I-i
Y.

Zw

O

! — @ can be varied

Fig. 7.26. Elementary perceptron (@ can be varied). (From Minsky and Pap-
ert [672).)
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a;:
i)
)

Equivalence Between Parallel Processing and Group Invariance Theorem

S

e

v
-

— § — ¥(X}

e ’
1 .\:
_x.‘-
.": Fig. 7.27. A perceptron reduced to Group Invariance Theorem coefficients.
- (From Minsky and Pepert {672].)
L .
::._- In effect, the Group Invariance Theorem permits an algebreic analysis of
N all geornetries of recrrangements(or represencations) of the origirzl set of pos:
sble recepror labeled ccrivarions. It allows datermination of which agereeates
~ [y -, . . - - - i
- of @ ,7(X) (or values of ¥) reflect a unique transformation of tha ‘group of
PY possible transformations of the spacs of the receptor labelings, 7y, 73, .. 7y,
L upon the predicates, v, , ¢, .« - « ¥ ’
’ Given any predicate ¢ and group element g,* Minsky and Papert define
-".f ¢g to be the predicate thart, for sach X, has the vajue ¢(X). Thus, one wil
?-. always have ¢g(X) = ¢(gX). P will be said to be closed undzr G if {or every
P ¢ in @ and g in G the predicats ¢z is also in $. I[ a percapmen predicate is
v invagiant under a group, G, then jts coefficients need depend only on the
’::., G-equivalence classes of their ¢'s {672].
i ."-; The Group Invariance Theorem states thart if:
_".- (i) G is a finite group of transformations of a {in:t= space, R
i ."b A -
° 'Gnven. 2 _uoup.G. two figures,  and .V, are G-quivalent if there is 2 member gof G
o for which Af=2%.
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(ii) P is a set of predicates on that space closed under G;
(ill) ¢ is in L (b) and iavariant under G. Then, there exists a linear repre-

sentation of
=1 Z 8,9 >0l
pEW

for which the coefficients . depend only on the G-2guivalencs class of
9, that is if 9 = »' then 13,:- = 3;’-

L & is the set of all'predicates for which ¢ is 3 linear threshcid funsiion
with respect to P, and 2 predicate is a function that has two possible values,
ie, 2 binary {unctiou. ¢ is a linear threshold funcuon witl respect 0 @,
(g is in L (D), if there exists a number d, and a set of numbers, c; one for

= .o
each ¢ in P, such that:

Y(X) = [Z a, {(X)>9]. (754)
veP

Restrictions on Perceptron Operations and Limitarions in Gecmerric Pzrierns
That Can Be Recognized

Perccptrons are not withcut restrictions in the types of ozzrations that can be
performed and the geometric pattems that can be rzcomized. .

Restricrions of Geometry. The perceptron operations discussed by Minsky
and Papert have a receptor geometry restricted as foilows:

1. The number of points (or receptive elements) is Lmired. Hence, ths
predicates of the points ar2 of limited order.

2. The distances between points are restricted. Hence, their predicates are
* diameter-limited.

Order has to do with the number of charactesstic variables nesded to
represent a set of particular functions. For example, the order of ¢ is the
smallest aumber, £, for which aset D of predicates can be found satisfying:

SN < K forall ¢ in &, el (P)

where S(y¢) is that subset of receptors, r, rs, ..., 7. upon which 4(X)
(the set of funcdons required for recegnizing A) reaily depends, and
L(®)is the linear threshold fuaction of @, the set of all precicatss that can

be defined by Eq. 7.54.
Linear threshold function perceptron operations are of order 1. So are all
the Boolean functions of two variables except for:

i. Exclusive-or (XY” + X'Y > 0) and
ii. Its complement identity, Y=Y (XY +X'Y' > 0)

which are of order 2.
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Type of Processing Operarions. Perceptrons are particularly good at doing
processing operztions cof the types called “local™ or “comjuncdveiy locai™ by
Minsky and Papert [672]. By local is meant that all tests (analytic or logical)
can be done independanty and the final decision can be mads by a legeally
simple procedure such as unanimiry of all tests.

. A predicate, ¥, is conjunctively local of order X if it can be computad
by a set P of predicatzs ¢ such that:
i Each ¥ decends on no more than K points of the space R;
i ¢x)= {1 fe(X)=1forevery pin @
0 otherwise.

ing wil enable 2 perceptron to distinguish convex from non-
convex ﬁ ures at the receptors by the test that if there exist three rezeptor
r

N . .

e points, p, ¢, aad r, such that ¢ s in the line segment joining p and 1, and

K

1Y s .
¢« pisin X,

b, - ' q isnotin X,
-2 risin X, ¢
- then the set X is not cravex (Fig. 7.28). Thus. ¥ gqvex/X/ is conjunciively
'_" local of order 3 by application of this three-poin’ ruie {672!].

. :
K.

. Interestingly, the determination of comnectzdness between coints can %e

o shown not to be cenjunciively locgl of any order in a diametcrdimited per-

s ceptron processing operation. Hence, percestrons of this type cannot ¢com-
g . - . .
4 pute connectedness of geameuric figures whersas they can compule convexity.
' However, as inspection of Fig. 6.6C will indicate, we, 100, have our difficulties
! in determining connectedness.

N Types of Perceptrons
p. Given that “a Percegtron is a device capable of computing all predicates
- which are linear in some given set ¢ of parual predicates™ [672], five dif-
"\ ferent types of percepuons can be distinguished. They are:

._ - 1. Diamereriimited Perceptrons—the set of points upon which each <

- depends (for each ¢ in some given set ) is restricted not to excesd a certzin
LI - .

- fixed diameter in the plane. )
~ 2. Order-restricted Perceprrons—a perceptron has order < n if no mem-
! : ber of ¢ depends on mors than n points.

‘o 3. Gamba Perceprrons—each member of ¢ may depend on all the points
® but must be a linear threshold function, with each memoger of @ itself

- being computed by a perceptron of order |. Thus,

I“

Ry =[> B; 7 >4;

o Z i
-‘

@ (each y; is a threshold perceptron of order 1) and
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Determination of Convexity by Thrte-Poin( Rule

Convex

Nat Convex

(Li-Ting cireq 1300 3.C.) (Ting circa 400 B.C.)

Fig. 7.28. Derermination of convexiry by three-poinr rule [672]. Draw a
straignt line connecting surfcce points such as P and R If 2 third point, taken
enywnere clong this line, is inside the space of rhe object, the surface s
convex.

¢gmbn=[2°ilzﬁij’j>6i]>9] (7.5%)
i i

The Gamba perceptron is thus a two-layered perceptron. Note, however,
that no improvement is afforded by any multi-layered system, without
loops, it which there is an ordsr restricticn at zach layer wherein only
predicates of finits order are computad.

4. -Random Perceprrons—the ¢'s are random Boclean funcdons They
are order-resttcred and @ is geaerated by a stochastic process according
to an assigned distribwtion funcdon (cf. Rosenblatr [83 §8-8411).

S. Bounded Perceptrons—& contains an infinite number of @'s, but all
the% lie in a finite set of numbers (672].

Size, Speed, and Laver-Hiercrcity Considerations in Perceptron Operations
Given application of the group invariance theorem to analysis of perceptrons
of the above types, several observations may be drawn concerning effects of
size, speed, and layer or huerarchy of operation.

First, using more “memory” does nct seem to advance the kinds or effic-
encies of linear threshold operations that are performed. This is intetesting
because many believe that adding memory will greatly improve the types of
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operations that can be performed. Miasky and Papert would suggest that
design is more important than size.*

Second, it should be possible to specify connecuon-matrices betwesn ele-
ments that will optimize the efficiency of processing vis-3-vis the number of

elements involved. Examples of differemt connection matrices are shown in
Fig. 7.29.

Multilayer Perceptrons with Loops
According to Minsky and Papert, the group invariancs theorem cannot be
applied to multilayered perceptrons with loops.T The addition of loops thus
reopens analvtic questions. It remains to be seen how the addition of loops
limits general theories of sensory inforrmation procsssing by perceptron-ike
automata.¥ Some analytic questions can be answered a priori. For example,
the use of loops in processing will not improve the speed of computation
afforded by loop-free seral processing. Other questions cannot. Thus, it is
unclear whether or not loops afiord the possibility of more complex analytic
operations. Given finitz order processing, a prerequisite for mathematical
analysis, it is questionable whether loaps afford any order-improvement
beyond that possible with a hierarchical multilayered construction.
What loops do offer is the possibility of using the simple feedback princi-
. ple for “training” or error correction. Minsky ana rapert believe that the per-
ceptron convergence theorer provides apalytic proof that where such “lzam-
ing, adapration or self crganization does eccur, its occurrence can be thorough-
ly elucidated (mathematically)” [672]. .
A Geometry of Sorting—Treatment of Motor Labeled Effectuation, Synthesis,
and Decision Making

Comparison of Fig. 7.30 with Fig. 3.42 will disclose how motor-labeled ef-
fectuation or dedsion making is implicit tn the design of perceptrons.

What has not been treated exglicitly in the course of analysis of percep-
tron operations is the geometry of sorting, i.e., an zizebraic analysis of motor
labeled effectuation comparable to that for sensory reception presented eadier.
Three positions are possiole. One is that this geomsetry is completely impiict
in the dassification algorithms described by Minsky and Papert (perhapsas a
substructure of predicates). The second &5 that significant extensions of their i
algorithms and theory need to be made—perhaps by an expanded treatment of
conditional probabilities and Markov processes.‘} The third position, that such

*1t is not vet dear if artifidal intelligence performed by a large, specifically designed
computer (capabie of “logcal’” operation) an adequately simulate intellizence dbased on
unincorporated desicn featurcs. Legic may be nsed to approximate the needed features,
but the results may be unsatisfactory and the =rars difficuit to detect, as in some of the
henomena Wlustrated in Chapter 6. ’
T Although it will:be recailed that closed flowzaphs, consisting of loop circuits, con be
- solved.

*Also, some loops can be eliminated by use of flowgraphs.

LAnother class of aigorithm that can compure connectedness may be required—Turnng
machines can compute connectedness; percspinons cannot,
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\J
Connection-Matrices
e
4
Y (A) (B)
\ —\_) \\ \\ ~
. > Nea
m ~
: >-"\‘ >- N /> >\ > >
~~ \ < '
-» N A
N — Pt >—/ e
- it —e =
J. - R - f
R A : -
,'" Fig. 7.29. Different connection matricss. Are those in (A) equivclent to
. fhose darkened in (B)? (There is feedback in A.) Are same eiements and con-
[ ] necrions in 3 superfluous? (Even if different rransjer juncrions of severz! sie-
- ments could be combined, the connections would allow unique dependencies
b berween inputs, elements, end outpurs). (Sketches after Mirsky and Papert
[ [672].)
-
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[ . .
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)
r Fig. 7.30. A multilaver perceptron capable of making decisiors (d). (From
" Minsky and Papert [672].) The adaptations controlling A wijand & Gy might
~ benefir from feedback of information concerning rhe system stare.
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\ a gecmetry and analysis is unrealizable, may be dismissed if one accepts
h ~ Minsky and Papert’s view that workable systems are subject to analysis and
oYy this author’s assertion that such systems are visidle within the refiex pathways
. of the nervous sysiem.

) S ,

1 . Classification Algorithms
ﬁ:% The following classification algorithms for separating different sensory labeled
‘:{‘ aggregates at d in Fig. 730 have been suggesied by Minsky and Papert [672].
)
’ 1. Perceptron convergence theorem. Let F be a set of unitdength
o - vectors. Let 4 - © be the vector notation of T a, (X)L If there exists a
o vait vector 4* and 2 number § > O such that 4™ * > 5 forall P in F,
I then a simple program (ses= Minsky and Papert [672], p. 167) can bte de-
-‘:- . vised that will converge in a finite number of it2rations on a separation of
K Al deF A vznauon of this program (see [672]) will separate more than
." two dasses of input Sgures: £y, Fa, 0., F
5 % ‘A lmitation of ttu classification al°onthm is that only linear sepa-
b rations are parformed optimally by this method.

> 2. Baves’linear siatistical procedure. Again, let £ be a set of unit-

_'"‘ length vegctors, with one vector, A;* such that'd; - > 8 foralldin F. If
" A= @ s wgpr-- ),

- where w;;= Log( )
_-‘_: ) ‘ and P is the prooa":lt'v that ¢ ‘1 gven that $isin FI then & € 7 wiil be
R - : separated with the lowest posswle error rate, given that the ¢'s are stausd-
cally independent. (This is. remarkably, 2 linear formuia that can periorm

e non-inear separation.) 4

.,: s - 3. Best planes procedure~This is essentially an error-minimizing track-
:’, ing procsdure whereby the set of A's is used for which cheice of tae
o largest A; * & gives the fewest errors. Tae presence of faise peaks ia hill-
£ climbing searches by this method may limit its applicability.

@ 4. Cluster anclvas—Techniques are used to minimize the least square
g distancs betwesn different points in the recsptor array (R) reflected by
o~ the differezt A * . In effect, separation is performed on the basis of
X } spatial duster;n, of each sensory aggregate. A more complete description
::-: of this approach and a cluster-analysis convergence theorem, with proof,
o~ can be found in Miasky and Papert’s book [672].

" S. Exacr marching or best marching—This approach requires a large
._; memory and is cumbersome. Each & that has ever been encountered,
:", together with the identity of its associated F-class, is stored. New inputs
o are “recognized”™ on the basis of match against the store contents. With
‘-_. exact matching, a tedious search results in a solution with no errors. With
'_'-: *denotes unit vector
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“Sest’” matching, a completeiy different type of procedure (e.g., 2lzonthms
such as those incorporating matched flitering—ses Woody [1103]) is
used to optimize sigcnal detection, minimize errors, and reducs searca Sme
(see {672,704,1123]).

Prodapiiity ase Descriptor of Moter Effectuation: The Corditional Probabiiity
of Sorting, An Algedra of Events

Just as entropy is relatable to the uncertainty of configurations of gas mole-
cules in z dimensional space, and provides some measure thersof, so does
probability provide a measure ot index of the likeiihood of events. As we
have seen from the work of Boltzmann and of Shannon, the svents may be
physical<hemical or they may be informational-probabilistic.

Just as chemical events may be described as occupying a space (328}, so
rmay other probabilistic events be described in terms of the stace they cecupy.
The space of prodabilistic events is descnbed by set theory and Vean dia-
grams thereof. The sample space (Fig. 7.31) represents the number of possicle
differsnt arrangements of sampie points ot outcomes, and each eveat or spe-
&fic outcome in the sample space can be 2ssignad a probadility of oczurrence.

—_— Set theory is described by a set of axioms that fully define the algedra of
eveats [cf. 24Q]. With respect to Fig7.31, they are:

I

1. A +B =8+ A (commutative law); aiso for multiplication, 48 = 84

2.4 + (8 +C)=({4+B8) + C (associative law); also {or multiplication, A(3Y) =
4B)Y

3. A(8 + C) = AB + AC (disuibutiye law)

4. (A" = A( = “not” cr the compiement of whatever it follows)

5.(48) =4'+8’

6. A4’ = (¢ = complement of U)

7. AU = A (U = union of two events—the collection of all poiats in eithar or
both event spacss)

Thix set of axioms is also the set of constraints by which linear systerms are
) . bound end defined. :

- Simple Probabiiity. Could probability be used to describe motor sffecr-
aticn, is., the motor events (or decisional spzce) possidie s outcomss of a
particular network? If so, could some general formuiation be dedved, com-
pafable 1o the group invariance theorem to Jermit 3 general algehmic treat-
ment of the geometry of sorting or motor effectuation? The answer to the
first question is yes; the answer to the second, perhaps. The sample space, S,
of possible motar outcomes is made up of a number of points, £y, £, .. .,
E,. Each point, £, has an expected probability of occurrence P(£;).*

‘ The probability of occurrence of event 4, P(4), is the sum of the prota-
” bilities of all points within it. The sum of the probabilities of occurrence of
> all points equals 1, which is equal to the probability of the entire samoie
‘“. spece. Thus, 2(4 ) mus. be beiweer 0 and 1.

p’ *Event A may be mapped from sets of P(E/.
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Ssmple Space

Fig. 7.31. The sample :p;zce o/ A, B, Cand (AB.C/.

Conditional Probability. Conditional probability deals with the probagility-
of an event 4 occurring given that some other event 8 has just occurred. If

the events are campietsly independent, the probability of event 4 occurming

wil be equal to the general probapniitty of occurrence of svent A.P(..-i)..ff

there is some dependency, the prcoapiiity of event 4 occurring, once 3 has

Tl - _ occurred, may be different from the general prodabiiity of occurrence of

: “event A. Bayes has systematized this reiationship. If one thinks of B 1s the

causal event and + as the affected event, the prodability that 4 ocsurs given

that B has accurred, P(4/B), is equal to the general protability of occurrence

of A, P(A), times the probability of the effect B given that the phenomencn

- A has occurred, P(B/A), divided by the probability of event 3, P(8). Thus:

A)P(B/A
pwg)ﬁ’_‘_;_(;_)/—)- 756

Interestingly, this theorsm may be generalizad to encompass the relation-
ship of 2 set of events 4, 4, ... A,. This is because P(8) will equal
P[(A; +A2 +.. 'AH)B]_ or ZP(AIB)_

Thus,

N
PEY=Y P4iB) @57
=i

It can be shown that:
N N
E PAB) = E P(A) P(B/4)). (7.58)
i=1 i=1

* k k k k k X k % %
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