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ABSTRACT

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 frain has succeeded in doing so.

Both brain and machine depend on component operations.
There is reason to believe that systems supporting complex,
goal-seeking adaptive behavior are best constructed out of
goal-seeking adaptive components. Limited understanding of how
such components work has prevented their incorporation into
present artificial intelligence systems.

In the brain the basic component is the neuron. Recent
studies indicate that single cortical neurons adapt in such a
way as to support adaptive maralian behavior.
Post-synaptically, adaptation is reflected at tne.cellular level
by a change in neural excitability to injected current. We
propose to focus our studies on analysis of this type of
adaptation. The objective is to determine if cellular
mechanisms controlling the adaptation operate in a manner
analogous to goal-seeking. The latter might be a function of
excitatory or inhibitory ionic conductances, cyclic nucleotide
gradients, or other measurable variables that could persistently
influence the level of neural excitability.

The approach is to study control of changes in cellular
excitability directly in single- cortical neurons. The specific
methodology is described within the proposal. If successful,
this research should lead to an improved understanding of
neuronal adaptive mechanisms underlying intelligent information
processing by the brain and afford the design of improved
components for use in artificial intelligence.

Advances made in our research during the past year include (1)
determlnaion of effects of cyclic AMP, a neuromodulatory chemical, on
neurons of the motor cortex and (2) documentation, by computer analysis,
of a 100-fold increase in the rate ot acquisition of conditioned
learning by adding stimulation of the hypothalamus to tne usual
associative presentatins of CS and US. Further details are described
in the Progress Report tnat follows.
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PROGRESS REPORT

A. Publications (first grant year)

1. Woody, C.D., Ribak, C.E., Sakai, M., Sakai, H., and
Swartz, B. Pressure microinjection for the purposes of
cell identification and subsequent ultramicroscopic
analysis. In: Current Trends in Morphologici
Mechnguz.a, Vol. II (Ed. J.E. Johnson, Jr.), CRC
Press, Inc., 1981.

2. Woody, C.D. Studies of conditioning and other forms of
adaptation in the mammalian CNS, In: Vol. 36 Cellular
Ana1ocues of Conditioning and Neura _ Paticitv Ed.
Feher, 0., and Joo, F., Advances in Phvsiolooical
Siepnces, Pergamon Press and Akademiai Kiado, Oxford, pp.
117-128, 1981.

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

B. Summary of Research (first grant year)

1. Effects on cortical neurons of intracel!lar a-2ivcation
of cyclic ANP (cAP) have bpen investi cpte. cA, was

--- applied by pressure microinjection (0.1 mM solution in 4%
ERP injected at 60-80 psi for 1-5 seconds). The
following effects were seen in BRP injected cells: a)
decreases in firing rate, b) hyperpolarization, c) small
decreases in membrane resistance, d) small decreases in
excitability to intracellularly injected current.
Pyramidal cells of layer V were among those showing these
responses. The results indicate tnat excitability and
membrane resistance are decreased by intracellular cyclic
AMP. Control studies with intracellular applications of
5' AMP (an inactive, metabolized form of cyclic AMP) did
not show these effects. The differences between
experimental and control groups were statistically
significant.

2. Proorarminc of the PP I1.-L corputgr has led to the
comD]2etion of specific objective I of the vro~osed

omuter Procram

The program consists of three functional units:
stimulus presentation and data collection, histogram
generation and display, and benavioral 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

• . .. -?' _-, a'. Ah ~ ' ' . . .



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 lert
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 I of the t 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 t'iree trials are
individually stored on disc while no response results in
three trials being averaged before disc storage.

The '-,sults of training cats with click CS, tap US,
hypothalamic stimulation (ES), and an added hiss DS are
shown on the next page. 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 CPs range
between 100 and 300 ms. An abstract of these findings
has been published (ref. 3, p. 10).

- -l



Rapiditv of Conditioning and Latency of CR's

Development of EMG responses

1-80 LATENCY RESPONSES of different latencies to Cs

.(Solid line) or DS (Dashed

CON. EXT line) in 8 cats during

:conditioning. Responses were

j * • t, s am Zt 24 27 }o }defined as EMG responses of

greater than 5 sd above the

pre-CS (spontaneous) mean.
101-200 LATENCY RESPONSES -

COND EXT During training, CRs

:-- 1 increased with trials
"reaching asymptote (74% CRs)

S1 9 12 S t, 21 24 27 30 " 6 ' within 9 trials. Responses

were classified into four

201-260 LATENCY RESPONSES windows (0-80 us, 101-2u0 us,
JIM- COND X

EXT 201-2.0 ms, 261-3U0 ms; top

to bottom, respectively).
Cats made more responses to

-1o4,"" 3.' the CS than DS when responses
S1of greater than 101 ms were

analyzed. During extinc-
261-300 LATENCY RESPONSES

oi <a COND EXT ton atmaemrrspss
to the CS than to the DS, but

by the ninth trial of

extinction there was little

: : : ::... . l e e • responding to eitner tne CS
TRAINING TRIALS

or DS.
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1. Woody, C.D. Alterations in neuronal excitability
supporting sensorimotor integration. Proc. Intl. Union
Physiol. Sci. 12: 604, 1977.

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

3. Woody, C.D. If cyclic GMP is a neuronal second
messenger, what's the message? In: Cholinergic
Mechanisms and Psychopharmacology, D.E. Jenden, (Ed.)
Plenum, New York, 1977, pp. 253-259.

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

5. Sakal, M., Sakai, H. and Woody, C. Intracellular
staining of cortical neurons by pressure microinjection
of horseradish peroxidase and recovery by core biopsy.
Exp. Neurol. 58: 138-144, 1978. (a)

6. Sakai, M., Sakai, Z. and Woody, C.D. Sampling
distribution of intracellularly recorded cortical neurons
identified by injection of BRP. Fed. Proc. 37: 251,
1978.

7. Woody, C.D. A possible role for cyclic GMP (cGMP) as an
intracellular messenger for acetylcholine (ACh) at
muscarinic synapses in the mammalian cortex. In:
lontophoresis and Transmitter Mechanisms in the mammalian
Central Nervous System, R.W. Ryall and J.S. Kelly, Eds.
Elsevier/North Holland, Inc., New York, 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 tecnnique.
Western Nerve Net Abst., 1978.(c)

9. Sakai, H., 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.

10. 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.

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

12. 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.

13. 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.

14. Levine, D.S. and Woody, D.C. Eftects of active versus
passive dendritic membranes on the transfer properties of
a simulated neuron. Biol. Cybernetics 31: 63-7u, 1978.

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

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

17. Woody, C.D., Sakai, E., Swartz, B., Sakal, K., and Gruen,
S. Responses of morphologically identified mammalian,
neocortical neurons to acetylcholine (ACh), aceclidine
(ACec) and cyclic GMP (cGI4P). Soc. Neurosci. Abstr.
5; 601, 1979.

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

19. 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.

20. Sakai, B. and Woody, C.D. Identification of auditory
responsive cells in the coronal-pericruciate cortex of
awake cats. 3. Neurophysiol. 44: 223-241, 1980.

21. Nahvi, K.J., Woody, C.D., Tzebelikos, a., and Ribak, C.E.
Electrophysiological characterization of morphologically
identified neurons in the cerebellar cortex of awake
cats. Exp. Neurol. 67: 368-376, 1980.



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

23. Brons, J.F. and Woody, C.D. Long-term changes in
excitability of cortical neurons arter Pavlovian
conditioning and extinction. J. Neurophysiol. 44:
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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.

25. Woody, C.D., Ribak, C.E., Sakal, M., Sakai, H., and
Swartz, B. Pressure microinjection for the purposes of
cell identification and subsequent ultramicroscopic
analysis. In: Current Trends in Morphological
Techniques, Vol. II. (Ed. J.E. Johnson, Jr.), CRC
Press, Inc., 1981.

26. Woody, C.D. Studies of conditioning and other forms of
adaptation in the mammalian CNS, Vol. 36 Cellular
Analogues of Conditioning and Neural Plasticity Ed.
Feher, 0., and Joo, F. Advances in Physiological
Sciences, Pergamon Press and Akademiai Kiado, Oxford, pp.

- 117 - 128, 1981.

27. Berthier, N.E., Betts, B., and Woody, C.D. Rapid
conditioning of eyeblink reflex: response topograpny.
Soc. Neurosci. Abstr. 7:750, 1981.
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10. Publications or prepared for publication:

1. Xu Wei, Tan Yuling, Liu Jinrong et al.
The role of cerebral cortex in acupuncture analgesia.

2. Xu Wei, Tan Yuling, LiuJinrong et al.
Preliminary observation on the effect of acupuncture
on cortical evoked potentials in patients receiving brain
operation.

3.. Xu Wei, Tan Yuling, Liu Jinrong et al.
The influence of lesion of unilateral cerebral somatosensory
area on the cortical evoked potentials and effect of acupuncture
in human body.
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Resume
Liu, Jin-rong
Publications (continued)

4. Xu Wei, Tan Yuling, Liu Jinrong et al.
A preliminary observation on the influence of Fentanyl & Ketamine
of cortical potentials evoked by .painful stimulation in ,'an.

Proceedings of Symposium of International Congress of
Acupuncture Analgesia, Peking, China. p. 324, p. 326, 1979.

5. M. Lennan, H. and Liu Jinrong.
The post-excitatory effects of acidic amino acids on spinal neurones.

(J. of Canadian Physiol. & Pharmacol. 1981 in press)

6. Liu, Jinrong and Mc Lennan, H.
A comparison of the actions of certain antagonists of excitatory
amino acids.

(as communication of a Scientific Meeting of the Physiological
Society held in London, Dec. 1980)
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Book:

BINDMAN, L.J. & LIPPOLD, O.C.J. The Neurophysiology of the Cerebral
Cortex. to be published (1980) Edward Arnold, London.

Conn-cted with Teaching:

Book:

BINDMAN, L.J., JEWVELL, B.R. AND SMAJE, L.H. (1978) Multiple choice
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Publ. Edward Arnold, London.
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Film

"Lung Surfactant" by L.J. BINDMAN & L.H. SMAJE, for use at VCL
demonstrated at Phys. Society. 1975.
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