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Principal Investigator/Program Director (Last, first, middle):
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R. S.

DESCRIPTION: State the application's broad, long-term objectives and specific aims, making reference to the health relatedness of the project. Describe
concisely the research design and methods for achieving these goals. Avoid summaries of past accomplishments and the use of the first person. This abstract
is meant to serve as a succinct and accurate description of the proposed work when separated from the application. If the application is funded, this
description, as is, will become public information. Therefore, do not include preprietary/confidential information. DO NOT EXCEED THE SPACE
PROVIDED.

The long-term
information
into

objective
of this research
is to understand
how
the commands
for movements.
The oculomotor

the brain
translates
sensory
system
is an excellent
model

for

study because
of its simple
peripheral
mechanics
and musculature
and the ease with which eye
movements
can be accurately
measured.
Because
of these advantages,
the component
neuron
types,
their discharge
patterns,
and many of the connections
of various
oculomotor
subsystems
are
comparatively
well understood.
Perhaps
the most-studied
type of eye movements
are the quick,
scanning
description

movements
in order

producesaccades
Recent
studies

called saccades.
The specific
goal of our research
to provide
a basis for determining
how the neural
and to serve as a foundation
have implicated
the midline

is to continue
components

this detailed
actually

for the study of higher-order
neural
processes.
cerebellum
in the direct
control
of saccades.
Our

specific
aims are to begin
to investigate
its contribution.
The major brainstem
input to the
cerebellum
is from the nucleus
reticularis
tegmenti
pontis
(nrtp) so we will assess the function
the nrtp using recording,
electrical
stimulation
and reversible
(in)activation
with neuroactive

of

agents.
We will study nrtp neurons
during
normal
saccades
and in paradigms
in which
the animal
is required
to adapt
the amplitude
of the saccade.
We suggest
that the nrtp pathway
mediates
feedforward
and feedback
control
of saccades
and hope to quantify
this hypothesis
based
on the
information
Because

we will
accurate

provide
in these
eye movements

studies.
are essential

understanding
of normal
visual mechanisms.
system
processes
(visual)
sensory
information
interpret
studies
of the intervening
processes
and localization
of nervous
system
dysfunction
significantly
PERFORMANCE

advanced
SITE(S)

by the characterization

(organization,

for clear

vision,

these

studies

contribute

to our

They also provide
an example
of how the nervous
into (saccadic)
motor responses
and may help to
like (visual)
target
selection.
Finally,
the diagnosis
resulting
from a wide variety
of causes
has been
of oculomotor

functions

(i.e., eye signs).

city, state)

--- -------------will be performed
in the Washington
National
---- --------and the Department
of Physiology
and Biophysics
Building'of
the University
of Washington,
Seattle
WA 98195.

------------- arch
Center
----- --------in the Health

------ -----Sciences

KEY PERSONNEL, See instructions. Use conb'nuationpages as needed to provide the required information in the format shown below,
Start with Principal Investigator. List all other key personnel in alphabetical order, last name first,
Name

Organization

Role on Project

Chris R. S. Kaneko, Ph.D.

University of Washington

Principal Investigator

----------- ------------ ------- --------

University of Washington

Posttdoctoral fellow

Disclosure

Permission Statement.

PHS 398 (Rev. 05101)

Apolicable t;0 SB!R/STTR

Only. See instructions,

Page 2

[]

Yes

[] No

Form Page 2

Principal Investigator/Program

Director (Last, first, middle):

Kaneko,

Chris

R. S.
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Kaneko,

Principal Investigator/Program Director (Last, first, middle):

DETAILED BUDGET FOR INITIAL BUDGET PERIOD

(Applicant organization

]

ROLE ON
PROJECT

NAME

04101104

%

only)
TYPE
APPT.
(months)

R. S.

I FROM

DIRECT COSTS ONLY
PERSONNEL

Chris

03131105

l THROUGH

DOLLARAMOUNT REQUESTED (omitcents)

EFFORT
ON
PROJ.

INST.
BASE
SALARY

SALARY
REQUESTED

FRINGE
BENEFITS

TOTAL

Principal

Chris R. S. Kaneko

Investiaator

12

-------

---------

94,702

23,202

117,904

------- -------

Research

12

-------

--------

37,809

9,906

47,715

--------- ------

Engineering

12

-----

---------

26,055

6,826

32,881

Postdoctoral

12

-------

--------

40,092

To be named

Student
h_lnear

12

----

-

3,193

310

3,503

To be named

Student
hc=ln_r

12

----

-

3,193

310

3,503

205,044

50,978

256,022

----------

Ta_h

II

Tarh

-----------

_II

f=l I,_,,,.I

SUBTOTALS
CONSULTANT

EQUIPMENT

50,516

COSTS

(Itemize)

CED System
Stimulus isolation
SUPPLIES

10,424

unit

11,729
6,000

DVD recorder/digitizer

22,000

Per diem

6,700
24,429

(Itemize by category)

Animals
Computers

2,139

Elect., mech., chem., lab.
Electronic

3500

storage media

500

12,454

Software updates
Animal chairs

2,500
2400

Surgical

2,500

and Veterinary

47,993
TRAVEL

Annual meeting of the Society
PATIENT CARE COSTS

for Neuroscience

1,500

INPATIENT
OUTPATIENT

ALTERATIONS

AND RENOVATIONS

OTHER EXPENSES

Computer

(Itemize by category)

(Itemize by category)

consulting

1,000

Duplicating,

Histological

services

3,592

Photographic

Publication

costs

3,000

Shop service

Surgery

costs

phones,

postage

services

350
2,800
14,228

2,736

SUBTOTAL DIRECT COSTS FOR INITIAL BUDGET PERIOD
CONSORTIUM/CONTRACTUAL

DIRECT COSTS

COSTS

FACILITIES AND ADMINISTRATIVE

750

344,172

I

COSTS

TOTAL DIRECT COSTS FOR INITIAL BUDGET PERIOD (Item7a, Face

Page)

_

$344,172

I

SBIR/STTR Only: FEE REQUESTED
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Principal Investigator/Program

Kaneko,

Director (Last, first, middle):

Chris

R. S.

BUDGET FOR ENTIRE PROPOSED PROJECT PERIOD
DIRECT COSTS ONLY
BUDGET CATEGORY

INITIAL BUDGET
PERIOD

TOTALS

(from Form Page 4)

PERSONNEL: Salary and
fringe benefits. Applicant
organization only.

ADDITIONALYEARS
2nd

OF SUPPORT REQUESTED

3rd

4th

5th

288,155

256,022

263,703

271,614

279,762

EQUIPMENT

24,429

14,400

2,400

11,300

SUPPLIES

47,993

49,433

50,916

52,443

54,016

1,500

1,545

1,591

1,639

1,688

14,228

14,655

15,095

15,548

16,014

344,172

343,736

341,616

360,692

359,873

344,172

343,736

341,616

360,692

359,873

CONSULTANT COSTS

TRAVEL

INPATIENT

PATIENT
CARE
COSTS

OUTPATIENT

ALTERATIONS AND
RENOVATIONS

OTHEREXPENSES
SUBTOTAL
DIRECTCOSTS
CONSORTIUMt "

DIRECT

CONTRACTUAL
COSTS

F&A

TOTAL DIRECT COSTS
TOTAL

DIRECT

COSTS

FOR ENTIRE

PROPOSED

PROJECT

PERIOD

$1,750,089

(Item 8a, Face Page)

SBIR/STTR Only
Fee Requested
SBIR/STTR Only: Total Fee Requested for Entire Proposed Project Period
(Add Total Fee amount to "Total direct costs for entire proposed projectpedod"above and Total F&Nindirect costs from
Checklist Form Page, and enter these as "Costs Requested for Proposed Period of Support on Face
JUSTIFICATION,
Follow the budget justification instructions exactly. Use continuation pages as needed.

PERSONNEL
Although

personnel

costs

represent

~80%

of the

total

budget

costs

per

year,

they

are

the

same

as

they were during
the previous
two funding
periods
(i.e., last 8 years)
except
for inflation.
The
requested
salaries
are at the low end of the national
scale (6.4% below
market
average)
and fund two
scientific
personnel
and 1.5 support
personnel
which
are the minimum
number
necessary
to complete
the proposed
research.
We have attempted
to keep these costs to a minimum
by utilizing
undergraduate
require
them
experiments

these

assistants
wherever
possible.
Additional
to assume
support
functions
(e.g., animal
and thus undermine
the project.

Chris Kaneko:
projects.
I alone

PHS 398 (Rev. 05/01)

will

cuts will eliminate
scientific
care) rather
than concentrating

personnel
on the

or

---- ---------------- ------------------- ---- -------------- of my time
be responsible
for completion
of the nrtp-cerebellum
connection
and
Page

5

to
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Principal
Jnvestigator/Program
Director (Last, first, middle):
nucleus
in and

reticularis
supervise

--------------------------- ----

-------------- is
(nrtp) saccade
studies
-----------nrtp saccadic
gain studies

---- --- ------ -------- ---- ----- ---- ----

Research
--------------------

---

technician:

The full time

----------- --------------------

---------------------- --- --- --- ------

-- ---------------------

Aims

(specific

Aim3

-- -------------- ---- ------

technician,

----- ---- --------------------- ----

(Specific

------

1 and 2). I will

and 4). I have

-------

is essential

Currently,
all of our data processing
amassed
a very efficient
and complete

---------

--

to all aspects

------------- ----- ------ -- -------------- ----------- -- ----- ---- -------

Chris

R. S.

also participate
no teaching

- ---------- ---------------- --- -------

----- ----- ---------- -- -- ------ ------------------- -- ----- ----------- ---- ----------------------

Programmer:
computers
and we have

Kaneko,

-----

of the

------------- ----------------- ----------

------------

and analyses
are
analyses
package.

---

---- -----

--

done on Apple
Previously,
we had

great success
in upgrading
programs
to the power
PC microprocessors
from the old 680X0 platform
code using a shared
programmer
(one-half
time for this project)
and outside
consulting
assistance
from one of several
commercial
companies
(e.g., Bast, San Francisco)
at about $1,000/program.
We
anticipate
the migration
to OSX will necessitate
continued
upgrading
requiring
the continued
services
of the programmer.
Our approach
has proven
to be the most cost effective
tactic but there are
delays
in programming
due to the shared
services.
------------ has developed
all of our analyses
and
behavioral
control
programs
and is intimately
familiar with them as well as the types of data they are
used to analyze
and the laboratory
environment
they control.
He is also becoming
proficient
in
writing

CED

scripts

Postdoctoral

for our conversion
fellow:

Funds

are

to that

system

requested

of data

to support

gathering.

---

-----------

as a postdoctoral

fellow

to

participate
in studies
of the role of the nrtp in the generation
of saccades.
The proposed
studies
are
very difficult
to perform
alone and data is inevitably
lost because
one person
cannot monitor
all
aspects
of the experiment
(animal
behavior,
unit isolation,
etc.). The timely
completion
scientifically-knowledgeable
the lead in our investigations
Aim

investigator.
of the role

changing
behavioral
tasks,
of these studies
will require

computer
and
the commitment

electronics,
of another,

After he is trained in our techniques,
---- ----------of nrtp in adaptive
gain control of saccade
amplitude

will take
(Specific

3).

Student

Helpers:

Minimal

funds

are requested

for two

who will assist in literature
searches,
reference
management,
etc. and the other
to perform
the time-consuming
processes
recording
and ordering
lab materials.
Student
helpers
have
than using university
clerical
help or purchasing
commercial
undergraduates

an opportunity

to work

undergraduate

student

helpers.

One

copying,
book keeping,
animal
records,
of manufacturing
microelectrodes
for
proven
to be much more cost effective
electrodes
and it provides

in the lab.

EQUIPMENT
CED
end system
---------to a CED

signal

processing

for controlling
-----------have
based

system.

environment:
animal
behavior
both abandoned

In order

to maintain

In the first

year,

we request

funds

to purchase

a new

and collecting
eye and unit data. Our colleagues
the current VCR tape and Mac based system
and
compatibility

with

their

systems,

to be able

to share

support,
and to share programs
and the programmer,
we would
like to upgrade
our system
as
The system
consists
of a CED Power
1401 ($6970) 16-bit high performance
laboratory
interface
233mhz)
system
including
2 meter screened
data cable (needs
host interface
card); ced 1401 pci
interface
card (1401-60;
$580); CED Spike2
for windows
software
(WS44; $1900); pc Computer
Airfreight

much

and

insurance

DVD Recorder:
more efficient

PHS 308 (Rev. 05/01)

($150);

Tax $993.60.

Our VCR-based
_

The

total

tape recording
to a more modern

front

Drs.
moved
well.
(32MB,
host
($1200);

is $11,729
system
s_D

Page

is now
6

starting

to fail and could be made
conversion
that could
Form Page 5

Principal Investigator/Program

eliminate

or reduce

purchase
eliminate

a Wintron
Technologies
VCOM16
digital
video
the time-consuming
job of re-digitizing
recorded

Stimulus

the

time-consuming

isolation

unit:

We have

task

of digitizing

auditioned

the data

off-line.

Thus

disk (DVD)-based
data.

virtually

Kaneko,

Director (Last, first, middle):

every

Chris

we request

recorder

commercially

which

R. S.

$6700

to

will also

manufactured

stimulus
isolation
(siu) system
that allows
remote
control
delivery
of stimulation
current
and
biphasic
stimulation
pulses.
They are all lacking
with problems
ranging
from substantial
leak
currents
to not meeting
their published
specifications
(e.g., compliance
and leak).
Thus, we will
manufacture
our own.
Our engineer
(formerly
of AIM Systems,
Everett
WA) has considerable
experience
produce

in siu design
and a preliminary
satisfactory
performance
in our

Oscilloscope:
in need of repair
the
and
we
will

bread-board
experimental

circuit
situation.

(see preliminary

results)

seems

to

Our oscilloscopes
are tube-type
Tektronix
500 and 5000 series and are constantly
while parts are increasingly
unavailable.
We need to replace
the oldest,
500-series

in

first year. In the past, we have used cheap analogue
scopes
combined
with in-house,
designed
built "plug-ins"
but the quality,
size and modifiability
of those scopes
has proved
limiting.
Thus,
plan to develop
a replacement
in-house
in year1 which
will be ready and paid for in year 2. They
have high initial costs ($12,000)
but will allow each subsequent
unit to be built for only $3,000 for

a huge savings
compared
to the cost of commercially
available
Tektronix
500 and 5000 replacements.
For example,
the cheapest
4 channel
Tektronix
DPO series (necessary
for real-time
monitoring)
starts
at $4600 and we would
need two each to replace
our 5000 series scopes.
The in-house
replacement
will be able to display
all of our slow traces x-y and x-t as well as the unit discharge
and
simultaneous
acceptance
pulses
and thus will replace
3 current
oscilloscopes
with a single unit.
Phase

detector:

monitor
torsion
nrtp as a neural
eye movement
each eye) and

In the

fourth

year,

we request

funds

to add

as a control
for our study of the nrtp. Because
Listing's
Law operator,
we request
two phase
system
left and

(CNC engineering)
right eye movements

in order
($5500

to monitor
for phase

phase

detectors

previous
detectors

in order

studies
have
to compliment

both torsional
($5800
angle phase
detector).

to be able

to

implicated
the
our current
for torsion

in

SUPPLIES

dictated

Animal
costs:
by the Primate

Animal
costs represent
Center
and are generally

~12% of the annual
budget.
Animal
costs
quite competitive
with commercial
sources.

are
Because

of changes
in Primate
Center
policy,
we cannot
return
or recover
the costs of animals
when they turn
out to be unsuitable
for any reason
(e.g., unhealthy)
and we can no longer
pre-select
them because
the
Primate
Center
no longer
maintains
a stock of animals.
To compensate
for these changes
and still be
mindful
of spiraling
costs and external
pressures
to minimize
animal
use, we will hold each
longer
to try to use them over a protracted
period
and we will use animals
that are unsuitable
recording
studies
in the proposed
connection
experiments
where
the quality
of the behavior
critical.
This will provide
insurance
for instances
in which
an animal
does not work
out and
maximize
yield from each usable
animal.
Animal
charges
are $22,000
Per diem is set by the Primate
Center
and for 2003-2004,
it is projected
less than the cost ($12.28) charged
by the Department
of Comparative
year one, the total is $12,454 for the first year (= 4 animals
X 365 days
Computers:

We are

asking

for one

inexpensive

computer

each

animal
for
is less

($5500/monkey
X 4 monkeys).
to be $8.53 or about one-third
Medicine
at this university.
For
X $8.53).
year.

The

first

will be used

by the

postdoc,
--- ----------and will allow him to begin data analysis.
In the second
year, we will replace
our aging machine
with newer
machines
capable
of running
Matlab
6.5 which
requires
OSX. In the
third year we will upgrade
the programmers
computer.
In the fourth
and the fifth year we will
purchase
an Apple
and PC machine
for students
in the lab. In the second
through
fifth years we will
also purchase
PCs to run the CED analysis
software
for analysis
as we switch
over to that system
for
initial analyses.
Computer
prices
include
university
discounts.
The Apple
machines
are the cheapest
PHS 398 (Rev. 05/01)
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7
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G4s available
co-processor,
software
and

Kaneko,

Director (Last, first, middle):

and offer the minimal
requirements
we need to run our analysis
programs
color monitor,
and built-in
networking)
while maintaining
compatibility
operating
systems.
The medium
sized monitors
are requested
to facilitate

Chris

R. S.

(e.g., math
with evolving
analysis.

Currently,
even though
the onset, offset and peak velocity
of each saccade
are marked
according
to a
resettable
velocity
criteria,
we inspect
each saccade
individually
to be sure the marks
are appropriate.
The larger vertical
dimension
eliminates
the need to change
the trace magnification
and re-position
the position
and velocity
traces of each saccade
thus greatly
speeding
the analysis.
Individual
prices
are estimated
on the basis of prices at the time this application
was prepared.
They are: G4 Power
Mac with SCSI card and monitor,
$1,962.00
+ Tax =$2139 and Dell Workstation
340 $3421.18.
Electronic,
mechanical,
and chemical
supplies:
These are recurring
costs of fabricating
and
maintaining
equipment
and include
everything
from our homemade
metal microelectrodes
to
electronic
components
for repair
of old as well as manufacture
of new instruments.
Also included
this category
miscellaneous
estimates

are chemicals
for the cleaning,
chemicals
like the muscimol

are based

Animal
animals
have
chair must
substantial

on previous

chair:
shared

years'

We request
$2400
the experimental

be washed
dead-time

following
between

etching,
and insulation
and bicuculline
for the

of the electrodes
and
reversible
(in)activation.

in

The

costs.
for one animal
chairs however

chair in each of the first
our IACUC
has recently

3 years.
Previously,
our
mandated
that each

use by each animal
before it can be used again.
experiments
and be very inefficient
so we want

This would
cause
to have a chair for

each animal.
The cost of commercially
available
monkey
chairs
(e.g., Crist Instruments)
is
considerably
higher,
would
not fit our existing
structure
without
considerable
modification.
Moreover,
our local shop is much more responsive
to our specialized
needs.
Electronic
the anticipated
digitized
and

storage
recorder,
analyzed

Software
updates:
outdated
versions,
and
initially
and
export their
for making
those areas
to maintain

media:

Rewritable

and archival
data and back
Because
the lapse

(3.5"

and

5.25"

of incessant
in support

changes,
for older

media

DVD-Ram
for our

drives

the myriad
of problems
associated
versions,
we will need to upgrade

disks

for

to store

our

with using
our software

on a regular
basis thereafter.
All of our homemade
analysis
programs
are designed
to
output
to commercial
software
packages
for further analysis
(e.g., Statview,
Matlab)
or
illustrations
(e.g., Canvas).
This approach
allows
us to limit our programming
needs in
and has proven
cost-effective
in the long run. Previous
costs have averaged~S2,500/year
all of the office and laboratory
machines
(copyright
laws and university
policy requires
a

unique registered
copy of each piece of software
for each
of the updates
of and tools for the software
development
maintaining

magneto-optical),

(CD-ROM
and DDS-2 tape)
up our computers,
$500.

and

Surgical

producing

new

in-house

and veterinary:

These

necessary
for treatment,
maintenance
the last year) as well as the materials
2/animal
X 4 animals)
and titanium

software
include

which

$274

of the implants,
for the implants
screws
($10/screw

computer).
This figure
environments
that are
can be fairly

for antibiotics,

includes
essential

a 50% share
to

expensive.

analgesics,

and

sedatives

when

or emergencies
(based
on $5.70/mo/animal
for
themselves
such as the chambers
($84.16 ea. X
X 35 screws/animal
X 4 animals)
to hold the

implants.
We have been forced to use titanium
because
medical
grade stainless
steel screws
are no
longer
available
and non-medical
grade screws
lead to rejection
of the implant
in a high (-50%)
percentage
of the cases. We contract
for the manufacture
of these screws
(minimum
order is 100)
since the price is significantly
less than equivalent
medical
grade titanium
or stainless
steel screws.
OTHER

EXPENSES
Computer

commercially

consulting:

available
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programs
has proven
to be a very cost-effective
when
necessary.
We request
$1,000/yr
for the
Histological
For electrode
track

means
outside

Kaneko,

Director (Last, first, middle):

of maintaining
programs
consulting
charges.

service:
The Primate
Center
histological
facility
reconstruction,
the average
of the last 3 brains
was

and

Chris

upgrading

R. S.
them

runs on a fee-for-service
basis.
$700 each (X 4/yr
= $2800). We

cannot
get the brains
processed
any more cheaply.
For example,
a one-eighth
time histologist
would
be much more expensive
even if one were available.
The cost of a single HRP animal
has averaged
$770. The cost for perfusions
is $197.96/animal
(X 4/yr
= $792) and includes
materials,
handling,
moving,

solutions,

use

of the

perfusion

facility,

etc.

Publication
costs:
We request
$2,700/year
based
on an average
of 1.5 manuscripts/year
and $1800/manuscript.
Recently,
manuscripts
have cost $950 (15 pgs in J. Neurophysiol.
X $60/page
+ $50 submission
fee). Reprints
cost $325 (15 pgs X 100 reprints)
and $50 miscellaneous
graphics
charges

including
Shop

illustration,

services:

shops are estimated
equipment
necessary

One

photography,
hundred

materials,

hours

each

etc.

(<1 hr./week)

per year. These in-house
services
design
for the experiments
as well as provide

for the

mechanical

and manufacture
for the maintenance

and

electronics

all new, custom
of existing

equipment.
The hourly
rate is $28 so the total is $2,800/yr.
(50 X 2 X $28). Often, we are forced to
modify
commercial
equipment
or to develop
our own solutions
(e.g., stimulus
isolation
units) since
commercial
products
seem either
to not meet there specifications
or to have difficulty
in our magnetic
coil environment.
Surgery
Two

surgeries

surgeries

costs:

Surgery

per animal

X $342

each)

are budgeted

suite

costs

to allow

are

$283/surgery

for implant

(2 hr. min)

or coil failures.

+ $59/additional

Total

(4 animals

hr.
X 2

= $2,736.

TRAVEL
This figure
contract
airfares.
cover the airfare

represents
minimal
travel costs to national
meetings
from Seattle
using University
In the past, program
has cut the travel budget
so that it has not been sufficient
to
from Seattle
which is comparatively
higher
than other, more centrally
located
areas

of the country
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RESOURCES
FACILITIES:
Specify the facilities to be used for the conduct of the proposed research. Indicate the performance sites and describe capacities,
pertinent capabilities, relative proximity, and extent of availability to the project. Under "Other," identify support services such as machine shop,
electronics shop, and specify the extent to which they will be available to the project. Use continuation pages if necessary.
Laboratory:

The

PI has

laboratory

space

in the

primate

center

----

- -------

-----

---

---

which

houses

recording
setup,
rack, and tri-colored
------ --- imiter
display.
In addition,
2 o----------space
co-developed
by the PI and --- ------are available
for these studies
--- -- ----Also, that space
houses
shared
facilities
for student
data analysis,
electrode
fabrication,
electronic
and mechanical
work, and simple
animal
procedures.

a complete
-- ---------------- ---small-scale

Clinical:

None.
Animal:

The primate
center
maintains
separate
quarantine,
surgery,
treatment
and housing
facilities
that are
used
for our animals.
The animals
being
used in our experiments
are housed
in - ---------------------- --------- ---- -- --- --- ---- ------ -- - ---------------- --------- ---- ------ The entire
center
is restricted,
environmentally
controlled,
AAALAC-accredited
and IACUC
monitored
The primate
center
also maintains
a full veterinary
staff including
veterinarians,
technicians
that all assist in daily animal
monitoring,
maintenance
and care.

and approved.
residents
and

Computer:

Each

booth,

technician

are networked

and

together

investigator

and

has

to a lab server,

a computer
printers,

as well
and

as shared

computers

the institutional

for students.

All

backbone.

Office:

Each
and

investigator

has

an office

in the

primate

center

--- ---

-------

or adjacent

to it as do the technician

the programmer.

Other:

---------------------------

---- -------------------- ----------- ----- -- -------------- ----- --------------

-----

-------------------- ------ ----------------

-------------- ---------

-----

----- -------- ----------------- --------- --- --------------- -- ------------ --------------------------------------- ---- -- --- ------------ --- - -------- --- --------- -------------------- -------------------- --- ------------ ----------------- ---- -- ---- --------Another
significant
asset
for these
studies
is the strong
systems
neuroscience
group
that is
located
in the primate
center
and with whom
we interact
on a regular
basis.
We share facilities
with
--------------------------------------------- -------------------------------------------------------------------------

---

MAJOR EQUIPMENT:

Three

------

------------

-----------------------------

------------------

-----------------

------

---------------

-- ------------- -----------------------------------------

-- --------------

--- --------------------------------------

------

---------

-- -----------

List the most important equipment items already available for this project, noting the location and pertinent capabilities of each.

custom-made,

sound-

and

light-proof

booths

located

as above.

The

LED

and

visual

booths

are

both rotating
phase
and can be used for head-free
gaze shift experiments
since the coils are large
and built into the walls giving
a 10" cube homogeneous
magnetic
field.
Equipment
racks for each with dedicated
computer
for behavioral
and stimulus
control,
recording
amplifiers,
CNC eye movement
electronics,
electrical
stimulators
and backup
recroders
to allow
complete
recording,
stimulation,
and microinjection
experiments
in alert trained
animals.
3-axis,
vestibular
and optokinetic
stimulator
in one booth
and light-table
for simultaneous
projection
of visual
stimuli
and target
spots in another.
180 ° perimeter
in the LED booth
for large,
headunrestrained
gaze shifts.
Several
compound
microscopes
for reconstruction,
hsitology
and neuroanatomy
are available
in the
---- ------------- --- ---------------------------- ------------------ ---- ---------- --- ------ ------ --- ---- ------- -- --- ------------------------------------------- ---- --- ---- ----------------------------------

-----
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Aims
objective

of our research

is to understand

how

the

central

nervous

system

transforms
sensory
input
(vision)
into motor output
(eye movements).
The model
system
we have
focused
on is the saccadic
eye movement
system.
Early work (see Fuchs et al. 1985, for summary
and
references)
had shown
that saccades
were controlled
by a brainstem
circuit that was formalized
in a
local-feedback
model
by Robinson
in 1975. More recent work (see Scudder
et al. 2002a, appendix
3)
has suggested
that hypothesis
must be modified
to incorporate
midline
cerebellar
circuits.
The goal
of this continuation
period
is to begin to address
how these structures
are involved
in saccade
generation.
In order to achieve
this goal, four specific
aims are proposed.
We hypothesize
that,
contrary
to previous
models
of saccade
generation,
saccades
are not controlled
amplitudeor displacement-controller
but are largely
ballistic
and that saccade
perturbations
is attained
by fine tuning
of that ballistic
signal, perhaps
through
feed-forward
and feedback
duration
and velocity
signals.
There are two cerebellar

pathways

that may mediate

saccade

control

by a feedback
accuracy
in the face
the use of separate

and both originate

reticularis
tegmenti
pontis (nrtp).
The first is a possible feed-forward
circuit.
The cerebellar,
nucleus
(cFN) provides
monosynaptic
excitatory
input to brainstem
excitatory
burst
e.g., Scudder
and McGee
2000).
That input is known
to be modulated
have a role in the production
of saccades.
The cFN receives
a prominent

of

in the nucleus
caudal
neurons

fastigial
(EBNs;

during
saccades,
so it must
input from the nrtp directly

as well as indirectly
via the overlying
midline
vermis.
The second pathway
is a potential feedback circuit.
We (Soetedjo
et al. 2002a) have recently
demonstrated
that the superior
colliculus
(SC)** receives
feedback
signals
that convey
on-going
saccade
duration
and, less consistently,
velocity
metrics
from
the brainstem
saccade
generator.
Based on previous
anatomical
studies,
the most likely route for the
feedback
suggested

signal is via the central
mesencephalic
that appropriate
connections
do not exist.

Our first step will be to determine
cerebellum.
We will examine
whether

reticular
formation,
Thus, the only viable

but preliminary
studies have
alternative
is via the cerebellum.

the types of signals that the nrtp conveys to the postero-medial
feedback
can be mediated
by the nrtp by characterizing
the

discharge
of nrtp neurons
to see whether they encode
saccade duration.
The experiments
in Specific
Aim 1 will substantiate
our preliminary
findings
(Soetedjo
et al. 2002c) that showed
that the nrtp does
not merely
relay SC signals
to the vermis
and cFN but that it conveys
a high-fidelity,
saccadeduration
input consistent
with its participation
in a feedback
pathway
to the SC. If we can identify
the cerebellar
elements
that convey
such feedback,
we can begin to ask how those signals
are used in
saccade
production.
Thus, the experiments
in Specific
Aim 2 will assess direct
connections
between
saccade-related
neurons
using electrical
microstimulation.
If we are successful
in aims I and 2, we will
begin to define the specific
experiments
we will begin

the

nrtp

elements
involved,
to test the function

their discharge
sensitivities,
of each pathway.

and their connections.

In future

In addition
to a role in saccade
production,
a prominent
additional
hypothesis
for the function
of
is that it is involved
in adaptive
gain control
of saccade
size. This suggestion
arises from studies

that suggest the SC is upstream
of adaptive sites (see Background and Significance below) and the fact that SC
provides a major input to nrtp. We suggest
that the saccadic
error signals
used for on-line
saccade
amplitude
correction
and those for long-term
adaptive
gain control
are NOT mutually
exclusive
and
may differ only in the timing of the error signal, whether it is intra- or post-saccadic.
We further
hypothesize
that both involve
the nrtp pathway(s).
To investigate
this additional
potential function
of nrtp, in Specific
Aim 3 we will record nrtp neurons
during saccade gain adaptation
to see if their activity
changes in parallel
with gain adaptation.
Our preliminary
nrtp in saccade gain control, in Specific

studies suggest that they do. To further
substantiate
the role of the
Aim 4 we will test whether the nrtp is necessary for gain adaptation

by inactivating
nrtp during
adaptive
inactivation
will interfere
with gain
(see Research Design and Methods below).

gain modification
of saccade
size. We hypothesize
that such
adaptation
in a manner analogous
to recent cFN inactivation
studies
Together, Specific
Aims
3 and 4 will not only reveal any potential

role of the nrtp in saccadic gain control
cerebellar circuits innervated
by nrtp.

but will also serve

(**Abbreviations

used

in this proposal

are listed

to restrict
after

the site of that adaptive

the Research
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Significance

Saccades
are the eye movements
that step the eyes between
fixation
points
in order to point
the high-acuity
portion
of the retina at objects
of interest.
They are an ideal model
motor
system
because
of their numerous
advantages
for study.
Chief amongst
those are that its function
(i.e., speed
and accuracy)
is known,
it is mechanically
simple,
easy to monitor,
and clinically
significant,
and it
provides
a propitious
platform
for investigations
of higher
order central
processes
(e.g., attention)
and structures
(e.g., frontal
cortex).
The basic circuitry
for and explicit
organization
of the brainstem
saccadic
burst generator
has been reviewed
many
times (for a comprehensive
review,
see
Moschovakis
et al. 1996).
In summary
of those data, saccades
are generated
by a pulse of force
created
by the muscles
to move the eye quickly
against
the viscous
properties
of muscles
and
connective
tissue and a step of tension
to hold the eye in its new position
against
the elastic restoring
forces of the globe attachments.
The pulse and step signals
are generated
by separate
neural
sources
that were thought
to be merely
relayed
via the motoneurons
and transduced
by the muscles
(but see
Scudder

et al. 2002,

appendix

3, for recent

complications

to this simple

story).

For the

horizontal

system,
the pulse is caused
by a burst of action potentials
in the EBNs that drives
the burst
ipsilateral
motoneurons
and the step is imparted
by "integrator
neurons"
that mathematically
integrate
the burst
from the burst neurons
(BNs) into a position
signal.
The EBNs are held
during
intersaccadic
intervals
turn inhibited
by BNs during
states and prevents
instability

in
in check

by omnipause
neurons
(OPNs)
that tonically
inhibit
all BNs and are in
the saccade.
This reciprocal
inhibitory
"latch" allows
only on-or-off
in this high-gain
system.
Other, inhibitory
burst neurons
(IBNs) add

s_mnetry
to the system
by inhibiting
contralateral,
antagonist
motoneurons.
A complementary
system
for the vertical
component
resides
in the mesencephalon.
The drive for the "burst generator"
circuit
is an hypothesized
error signal called
desired
eye position.
Feedback
of current
eye position
was thought
to be subtracted
from that input until the eye automatically
landed
on target
(Robinson
1975; see Fig. 2 Scudder
et al. 2002, appendix
3). The only significant
modifications
to Robinson's
original
hypothesis
have been a separation
of the feedback
and step (i.e., position)
integrators,
the
distinction
of the feedback
integrator
as "resettable"
(Becker
and Jfirgens
1979), and working
in eye
displacement,
not eye position,
coordinates.
Recent

work

has

shown

that

the brainstem

burst

generator

does

not function

originally
envisioned
in the Robinson
model
(Scudder
et al. 2002, appendix
and the SC are intimately
involved
in saccade
production.
Historically,
the
in saccades
as a result of investigations
into the role of the vermis
in saccade

independently

as

3). Instead,
both the cFN
cFN was first implicated
programming.
From

early clinical
(reviewed
by Leigh and Zee 1999) and experimental
(e.g., Ritchie
1976) studies,
it was
known
that damage
to the midline
cerebellum
caused
saccadic
dysmetria.
Since vermal
units
discharged
with saccades
(Llin_s and Wolfe
1977) and received
extraocular
proprioceptive
input
(Fuchs
and Komhuber
1969; Baker et al. 1972), a saccadic
function
seemed
likely.
It was also known
that repeatedly
inaccurate
saccades
resulted
in adaptation
of saccade
gain (McLaughlin
1967). These
two lines of study
converged
with the realization
that the cerebellum
changes
(e.g., Optican
and Robinson
1980; Robinson
et al. 1993).
Since

these

initial

investigations,

it has

become

apparent

that

might

mediate

the cFN

may

those

be involved

adaptive

in both

on-going
saccade
production
and long-term,
saccadic-gain
modification.
The evidence
is of two
sorts.
First, both SC and midline
cerebellum
have prominent
connections
with the brainstem
burst
generator
and their discharge
is appropriate
for a role in saccade
production.
Second,
there are a
number
of plausible
schemes
(i.e., model hypotheses)
that have been implemented
for how these
areas mediate
local feedback
control
of saccades.
Anatomical
connections
from saccade-related
structures

include

heavy

projections

from

the

SC, frontal

eye fields

(FEF),

and

supplementary

eye

fields (SEF) via cerebellar
relays
in the basal pons, namely
nrtp and parts of the pontine
nuclei
(Kawamura
et al. 1974; Harting
1977; Huerta
and Harting
1982; Huerta
et al. 1986; Stanton
et al. 1988;
Huerta
and Kaas 1990; Scudder
et al. 1996a).
The pontine
nuclei
project
bilaterally
to lobules
VII and
VIc of the vermis
(Brodal
1980; Yamada
and Noda
1987; Thielert
and Thier 1993) and to the fastigial
nuclei
(Gonzalo-Ruiz
and Leichnetz
1990; Noda
et al. 1990), via mossy=fiber
collaterals.
Purkinje
cells
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excitatory
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(cf., Fig. 8, PRELIMINARY STUDIES).
The cFN projects
mainly
burst generator
(Batton
et al. 1977; Gonzalo-Ruiz
and Leichnetz
1987; Noda
1991; Homma
et al. 1995).

Noda

Chris R. S.

Much of the pioneering
work on the physiology
of the vermis
and
and colleagues
(for review
see Noda
1991). More recently,
Scudder

contralaterally,
to the
et al. 1990; Sato and Noda

cFN was performed
and McGee
(2000)

by
have

confirmed
the cFN projection
directly
to EBNs.
Since cFN neurons
begin discharging
10-20 ms before
contraversive
saccades
(Ohtsuka
and Noda
1990; Fuchs et al. 1993), it is highly
likely that cFN
neurons
actively
participate
in producing
saccades,
most likely by supplementing
the burst in EBNs.
Other,
more indirect
effects of cFN discharge
are also possible
(Scudder
et al. 2002).
Effects of lesions
of the cFN are consistent
with this interpretation
since they produce
less accurate
saccades
(Sato and Noda
1992; Robinson
et al. 1993).
The
intermediate

hypometric

cFN may also have indirect
effects on saccades
since there
and deep layers
of the SC. The exact site of termination

controversial.
May et al. (1990) found
that cFN axons terminate
region of the intermediate
layers bilaterally.
Batton et al. (1977)
caudal
and deeper
regions.
Leichnetz
and Gonzalo-Ruiz
(1996)

contraversive

and

are projections
back to the
of those projections
is

mainly
in the rostral
(fixation
zone)
found
bilateral
projections
to more
found
negligible
projections
in cebus

monkeys.
Retrograde
tracers
placed
in the caudal
SC of cats and monkeys
label cells in the cFN, in
addition
to labeling
many more neurons
in the contralateral
interposed
and medial
dentate
nuclei
(Gonzalo-Ruiz
et al. 1988; May et al. 1990; Katoh et al. 2000).
These feedback
projections
may convey
the saccade-duration
information
we demonstrated
recently
(Soetedjo
et al. 2002a).
In addition

to the

demonstrated

are a few models
of how the cerebellum
models
utilize
the early cFN discharge

connections

and

discharge

summarized

briefly

above,

there

could be integrated
into a control
system
for saccades.
All
for contralateral
saccades
and the late burst at the end of

ipsilateral
saccades.
Dean's
model
(1995) successfully
explains
the effects of cerebellar
lesions
and
adaptive
modification
of saccadic
size (Optican
and Robinson
1980). However,
it uses an input from
the SC that is unrealistic,
a "dynamic
motor
error"
(i.e., the instantaneous
error remaining
during
the
saccade)
of unknown
origin, and ignores
feedback
from the burst generator.
Quaia
et al. (1999)
placed
the SC inside a negative
feedback
loop, in order to produce
more realistic,
declining
SC
discharge
during
the saccade.
However,
the important
feedback
signals
are produced
using a
resettable
spatial
integrator
(like the "moving
mound,"
see below),
which
is unrealistic
because
their
scheme
requires
topography
and contralateral
connectivity
in the cFN even though
neither
exists
(Batton
et al. 1977; Noda
et al. 1990; Sato and Noda
1991).
The SC has long been considered
the major input to the brainstem
burst
generator
(see Sparks
1986 for review)
but it has recently
become
more intimately
associated
with on-going
saccade
control
because
of studies
of coordinated
eye and head (gaze) movements.
Based on their studies
in cats,
Guitton
et al. (1990) proposed
that the SC was actually
within
a feedback
loop that controlled
gaze
amplitude,
thus elevating
the role of the SC from merely
a relay of appropriate
error signals
for
impending
saccades
to that of an on-line
control
element.
Evidence
for the direct
feedback
to the SC
hypothesized
by Guitton
et al. (1990) was largely
indirect
(e.g., Keller
and Edelman
1994; Goosens
and van Opsta12000)
until we (Soetedjo
et al. 2002a) demonstrated
recently
that the SC receives
feedback
about on-going
saccades
(see PROGRESS REPORT below).
That feedback
is in the form of a
saccade-duration
signal and likely does not control
dynamic
during
the saccade
because
of the variability
of the discharge
directed
saccades
(for discussion,
see Soetedjo
et al. 2002a).
(Robinson
1975) local feedback
signals
for saccade
amplitude
to answer

the

question

There are several
Waitzman
et al. (2000b)
PHS 398 (Rev.

of what
potential
suggested

the duration
pathways
that the

does.

for feedback
to the SC from the burst generator.
cMRF is a likely source,
based
on the well-known
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(Last, first, middle):

Therefore,

saccade
suspect

R. S.

of neurons
in this region
to the SC (Cohen
and Bfittner-Ennever
1984; Moschovakis
et al.
and May 2000) and the fact that inactivation
of some parts of the cMRF leads to saccadic
(Waitzman
et al. 2000a).
However,
cMRF neurons
begin discharging
before SC neurons,
and their bursts
outlast
the end of the saccade
(Handel
and Glimcher
1997), and our
results
suggest
there is a dearth
of connections
between
saccade-related
neurons
of the
Another
frequently
mentioned
source
of feedback
is the nucleus
prepositus
hypoglossi

(nph),
which
is known
to project
to the SC, mainly
contralaterally
(Corvisier
Hartwich-Young
et al. 1990). However,
saccadic
amplitude
remains
accurate
inactivation
or chronic
lesions
in the nph, although
gaze holding
is impaired
1997).
These results
seemingly
leave only the pathway
through
the midline
above.

Chris

that

pathway

will be a primary

focus

of our

proposed

and Hardy
1997;
after transient
immediately
(Kaneko
cerebellum
discussed

experiments.

Whatever
the route, it is clear that the midline
cerebellum
is an integral
component
of the
generator,
so now we must ask what role it plays.
For the cerebello-colticular
pathway,
we
that it mediates
a saccade-duration
feedback
signal but we don't know
how it is used,

whether
it originates
as a duration
signal and is transformed
on the way to the SC, or whether
the
feedback
from the brainstem
to the SC plays an on-line
role in the production
of saccades.
The first
step in answering
some of these questions
is to identify
the pathway.
The second
step is to find what
sort of transformations
affects
duration
control
Aims
aims

take
and

place
what

I and 2 are intended
to begin
will focus on the pathway
via

along that pathway.
that does for saccades.

Finally,
we need
The experiments

to know how
we propose

to answer
these questions.
In particular,
the first
the midline
cerebellum
from the nrtp.
We will first

the input
in Specific
two specific
assess whether

the

discharge
of nrtp neurons
is capable of coding precise information
about saccade duration
and then confirm
anatomical
findings
of a direct connection
from nrtp to vermis andor cFN. In this latter study, we will identify
which functional
types of nrtp neurons project to those structures
and begin to answer what saccadic role they
may play.
As pointed out, the middle cerebellum
also has been implicated
in adaptive plasticity
of saccade
amplitude.
Saccade accuracy must be maintained
in the face of changes to either the input (e.g., diminished
visual capacity)
or the output (e.g., muscle weakening)
of the saccade generator.
Numerous
types of lesion
studies (e.g., Ritchie 1976; Optican and Robinson
1980; Robinson
et al. 1993) have shown that the ability to
adapt saccade gain is lost when portions of the midline cerebellum
is damaged.
More recently,
several groups
(e.g., Melis and van Gisbergen
1996; Frens and van Opstal 1997; Edleman and Goldberg
2002) have concluded
that the site of adaptive changes during saccade gain plasticity
is downstream
of the SC based on recording and
stimulation
in the SC during gain adaptation.
Thus, the plastic site is at the nrtp or beyond.
The output of the
midline structures
is the cFN monosynaptic
excitation
of EBNs, and cFN neurons
discharge
in parallel to
saccadic gain change
muscimol
inactivation

(Inaba et al. 2003).
However,
cFN activity
is not necessary for saccadic gain change since
does not prevent those changes even though they are masked during the cFN inhibition.

The gain changes are expressed as soon as the drug wears off when the animal is kept in the dark without
further
training
(Robinson
et al. 2002).
Therefore the plastic site is between
the nrtp and the input to the cFN.
We propose to approach the mechanism
for gain plasticity from the side of the nrtp input to further
define its
site(s).
In Specific
Aims
3 and 4 we will test specifically
whether the nrtp subserves
control of saccade gain
and, if so, what its role might be. First, we will assess whether nrtp neurons
show plastic changes in parallel
with gain changes (Aim
design
and Methods).
reversibly
inactivate
the
studies analogous
to the
studies

will begin

3) using the intrasaccadic
target step paradigm
of McLaughlin
1967; see Research
Preliminary
evidence (see PRELIMINARY STUDIES) suggests
that they do. Then we will
nrtp (Aim 4) to test whether nrtp activity
is necessary for those gain changes.
We plan
cFN inactivation
study of Robinson
et al. (2002)to elucidate this point.
Together,
these

to define

the role that the nrtp may or may not play in the adaptive

process.

Our proposed aims will further
define the role of the nrtp in on-going
saccades and adaptive
saccade gain. They should also allow us to ask, eventually,
how those differing
roles are segregated
apparently
identical pathways.
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first, middle):

Chris

R. S.

Studies
covered:

4-1-2000

to 10-2002)

The proposed
specific
aims of the current budget
then examine
the metrics of the discharge
of rostral

period
pontine

were fourfold:
neurons
and

1) to locate
quantitatively

and map
correlate

their discharge
with saccade
and target metrics;
2) to assess putative
functional
roles of rostral
pontine
neurons
using neuroactive
agents (e.g., muscimol
or bicuculline);
3) to test whether
the SC
resides
within the local feedback
loop; and 4) to identify
the circuit that mediates
the feedback
by
beginning
to trace that pathway.
In addition,
we planned
to continue
our collaboration
with Prof.
-------------to study the FEF.
Because
of the hiatus in support,
there was no carry-over
from the previous
funding
period.
This necessitated
considerable
redevelopment
in order to rebuild
the lab and reinitiate
the
experiments.
In addition,
the final year of support
was cut even though
it had been recommended
by
the IRG, so that the experiments
and analyses
planned
for the final year were eliminated.
Thus, the
specific
aims of the current proposal
overlap
the fourth aim from the previous
proposal
(to identify
the feedback
pathway),
which was not finished
because
of programs
cuts. Despite
the delays and
cutbacks,
we have completed
the first and third aims and made substantial
progress
on the other two
aims in the 3-year period
since support
was re-established.
Our first aim was

to map the

rostral

pons

long-lead

possible
functional
groups.
That project is complete
found that rostral
pontine
LLBNs could be grouped
characteristics
and their anatomical
location
(Fig. 1);
rostrally
and displaying
discharge
metrics
similar to
(eLLBNs;
see below).
A
second,
dorso-rostral

burst

neurons

(LLBNs)

to distinguish

any

and a manuscript
is being revised.
In brief, we
into 3 general
types based on their discharge
those overlapping
the EBNs but also extending
those of EBNs we call excitatory
LLBNs

group
not previously
distinguished
we named
dorsal-rostral
LLBNs

B

(dLLBNs;
Fig 1). A third
group,
consisting
of those
LLBNs located
in the nrtp
proper,
LLBNs.

eLLBNs

we called

nrtp

Although
the
sometimes
were

found in the same region
as the dLLBNs
(Fig. 1,
stars), their density
(based
on encounter
rate)
increased
as we recorded
more caudally,
and the
correlations
between
burst

A

discharge
and saccade
metrics were quite robust
(Fig. 2).

The

discharged

eLLBNs
a compact

burst of spikes associated
with ipsilateral
saccades
(Fig. 2A); the number
of
spikes in the burst (Fig.
2C), peak firing rate
PHS 398 (Rev.

4/98)

Fig. 1. Rostral pontine LLBN location. Parasagittal (A) and frontal (B, C) Nissl-stained
sections showing the reconstructed
location of dLLBNs (blue stars) as indicated by marking
lesions (arrows) placed after recording on tracks in 3 animals (above and below the
recording site). Note that eLLBNs were also found in the same area as dLLBNs and that
the area is distinct from the nrtp (thin line in A and C) located caudo-ventrally.
Calibration
is 1.0 ram. Low gain orienting insets ~0.25X. BC-brachium coniunctivum, Pvr-pvramidal
Page23
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Chris
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(Fig. 2D), and burst
duration
(Fig. 2E) were highly
correlated
(insets show regression
coefficients)
with horizontal
amplitude,
peak velocity,
and saccade
duration,
respectively.
Since
neurons
in the rostral
region
also project
to the abducens
nucleus
(Scudder
et al. 1996b) like EBNs (Strassman
et al. 1986),
we suggest
that the eLLBNs
function
similarly
to EBNs in
driving
motoneurons
directly
or indirectly
during
saccades.
The dLLBNs
were distinguished
not only on the basis of
their location
(Fig. 1, stars) but also because
their discharge
greatly
outlasted
the saccade
(Fig. 3A, rasters
and histogram).
In addition,
they
discharged
optimally
HE
for saccades
of a certain

A

amplitude.
To assess
the optimal
amplitude,
the number
of spikes
the burst was plotted
a function
of the

VE

horizontal
the saccade

'1

_

l,_

,'

....

Fig. 2. eLLBN discharge metrics. A.
Traces are: HE-horizontal
eye position;
H E-horizontal eye velocity; VE-vertical
eye position; histogram; rasters. Arrows
mark shortest lead and lag. B.
Histogram of the same saccades aligned
on target. C. Scatter plot of number of
spikes and saccade size. D. Peak burst
frequency vs. peak saccade velocity. E.
Burst duration and saccade curtain.

in

showed
that
were tuned
for

small sizes (usually
<10°; Fig. 4, inset).
While the dLLBNs
were
tuned for small sizes
Fig. 3. dLLBN discharge. A. Traces as in
Fig. 2 but horizontal. Note extended burst
duration and discharge independent
of
vertical component amplitude.
B. Same
responses aligned on target onset,
indicating a distinct visual component to
the response.

Gaussian

(solid

line,

Fig. 5).

35
30

potential
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0
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Horizontal

on a polar plot
shown
as polar
dLLBNs
were

the
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co_v_
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To

that

0-"
_

o

0

20

30

size (degs)
Number

of spikes

as a

function of horizontal component amplitude shows distinct tuning
for 4° saccades. Red line is log-normal fit. Inset shows distribution
of optimal amplitude for all eLLBNs as estimated from the peak of
similar fits.

typified
by poor correlations
between
burst
and saccade
metrics,
due in part to their
extended
discharge.
On the basis of these discharge
numerous

o

_

summarize
the amplitude
and directional
tuning
of dLLBNs,
we plotted
their peak
discharge
(number
of spikes)
represented
as the amplitude
of a vector
depicting
optimal
direction
angle (Fig. 5 inset).
Finally,

Insets show linear least-squares
regression coefficients.

they discharged
for all
ipsilateral
saccades

(e.g., Fig. 5, ~270°-90°).
To quantify
directional
tuning,
either number
of
spikes
or peak frequency
could be plotted
as a function
of saccade
direction
(Fig. 5)
and the resultant
distribution
fit with a

Im

function

(e.g., Fig. 4). The
distribution
of peak
amplitudes
estimated
ll_;

B

amplitude
of
and fit with

a log-normal

this way
dLLBNs

in
as

have

characteristics,

been

hypothesized
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we concluded
to play

that,

in saccade

of the
production,

it

Principal
Investigator/Program
Director
(Last, first, middle):
was most likely
initiate
saccades.

Kaneko,

Chris

R. S.

that they act as trigger
neurons
to
Consistent
with this interpretation,
On-Direction

they were tuned
for small amplitude
saccades
that
require
an inhibitory
trigger
input in order to show
normal
velocity
profiles
in some models
of the
saccade
generator
(e.g., Scudder
1988).

I_Leit

4O

Finally,
the last type of rostral pontine
LLBN is
the nrtp LLBNs.
These neurons
were thought
merely
to relay collicular
saccade
signals
to the cerebellum
(Keller and Crandall
1985) because
of the massive
and exclusive
output
of the nrtp
addition,
identified
nrtp LLBNs
brachium
pontis
our preliminary

(Scudder
recordings

to that structure.
send axons to the

Oown

^

.

l_,l,_a

IOO0

In
7=_o

et al. 1996b).
However,
aimed
at confirming

"

_

Q

those previous
observations
revealed
robust
correlations
between
burst and saccade
metrics
(Fig.
6B, C) not previously
associated
with SC neuron
discharge.
Therefore,
we have initiated
a more
extensive
investigation
of nrtp discharge
in order to

O

Fig. 5.

Direction

tuning

of dLLBNs.

Number

of

spikes (black squares, left axis) and peak frequency
(blue dots, right) for saccades in all directions and
amplitudes.
Black line is Gaussian fit. Inset, Optimal
vector for all dLLBNs as determined bv similar fits.

characterize
it more completely
and also to be able to compare
it with our re-analysis
of SC neuron
discharge.
Completion
of
that analysis
is thefirst
specific
aim of this competitive
renewal.
The

second

aim

of the

current

period

was

to assess

the

putative
function
of LLBNs using neuroactive
agents.
The
experiments
for that aim are near completion
but there is
substantial
analysis
remaining
that we had planned
to
complete
in the 3rd and 4 _ years.
Qualitatively,
we found
that
muscimol
injected
into the dLLBNs
produced
a consistent
syndrome
quantities
phosphate
decreased
saccades
saccades
was

a concurrent

shift

in the null

position

such

that

We also attempted
to alter saccades
stimulation
of the dLLBNs
(see below).
that
These

"; )' '{ii_

t

I

i

I Illu

'

t

,,, ::_;_.
, ',' :'t_

the eyes

movements.
Normal
saccades
returned
by the next day.
Control
vehicle
injections
in the same regions
had no effect,
while identical
muscimol
injections
caudo-medially
in the
OPNs caused
slow saccades
(Soetedjo
et al. 2002a; appendix

hypermetric
connections

!
I

of progressive
oculomotor
dysfunction.
With
of muscimol
as small as 80 nL (2.0 mg/ml
in
buffered
saline),
ipsilateral
saccade
amplitude
so that the animal
made multi-step,
staircase
in order to reach the target.
Next, contralateral
also became
affected
in a similar
manner
and there

rested
farther
and farther
contralaterally.
Then vertical
saccades
became
hypermetric
for centrifugal
saccades
and
eventually
began
to oscillate
as seen clinically
in macrosaccadic,
square-wave
jerks (Leigh and Zee 1999). Finally,
saccades
were completely
eliminated
and the eyes became
in the contralateral
hemifield
except
for slow drifting
eye

conclusion
saccade.

7I

_'",'

'°]B
og'_

all
fixed

C'JI
.

Fig. 6. Nrtp

using electrical
These studies
were aimed

:,

metrics.

A.
C.

burst

LLBN discharge

,_

Traces as in Fig. 2. B. Scatter plot of
burst duration
and saccade duration.
Peak

2).

,

frequency

vs.

peak

saccade

velocity.

at corroborating

our preliminary

dLLBNs
most likely serve as "trigger"
neurons
that inhibit
OPNs
to initiate
tests had just begun and there have been no obvious
qualitative
results
(e.g.,

the

saccades).
These studies were conducted
in the same animals that were being used to look for
between rostral pons and cMRF.
Since the connection
studies have been prohibited,
it is unlikely

PHS 398 (Rev. 4/08)
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Director
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At any rate, we would

develop

support

new tasks

period

was

need

to test dLLBN

to develop

Kaneko,

Chris

techniques

to

R. S.

function.

to test whether

the SC receives

feedback

from

We were fortunate
in that the project
involved
a graduate
student
us maintain
his animals
and experiments
during
our unsupported

re-application
process.
Thus, that aim was not affected
as severely
as the others
and the study is now
complete
and has been published
(Soetedjo
et al. 2002a; appendix
2). When
we slowed
saccades
by
injecting
musdmol
into the OPNs while recording
saccade-related
burst neurons
(SRBNs; Sparks
1978) in the SC, the discharge
of the SRBNs reflected
the slowed
saccades.
Thus SRBN burst duration
was highly
correlated
with saccade
duration
and peak burst firing was correlated
with peak saccade
velocity,
even though
all the saccades
were optimal
vector
(i.e., size and direction)
saccades.
Neither
of these relations
is normally
evident
in SRBN discharge
(e.g., Sparks
and Mays 1980). In addition,
we found
that it was the deceleration
phase
of the saccade
that was most affected
by the muscimolinduced
slowing.
Thus, altering
downstream
discharge
parametrically.
We conclude
that
burst generator
and that the signal conveyed
Our

final

5 _ years of
neurons
in
responses.
results
were

aim

was

to begin

to identify

burst generator
elements
(OPNs)
the SRBNs must receive
feedback
is best related
to saccade
duration.
the

circuits

that

mediate

the

changes
from the

feedback

SC-SRBN
downstream

during

the 4 th and

support.
We had begun
to search
for connections
between
identified,
saccade-related
the rostral
pons and cMRF using electrically
evoked
antidromic
and/or
orthodromic
We mapped
the cMRF and located
saccade-related
neurons
in 2 animals.
Preliminary
disappointing.
First, saccade-related
neurons
were sparse,
contrary
to the heavy

reciprocal
connections
between
cMRF and SC shown
anatomically
by Chen and May (2000), who
reported
that more than half the neurons
were labeled
following
SC injections
of biotinylated
dextran
amine
(see their Fig. 3). We were unable
to find a region
of such high density
of saccade-related
neurons
in this or our previous
study of the monkey
cMRF (Kaneko
and Fuchs 1982), which
involved
3 additional
animals.
When
we found a region
containing
saccade-related
neurons
(usually
contralateral
visuo-motor
neurons),
we fixed the recording
electrode
in position
and then recorded
rostral
pontine,
fixed electrode.

saccade-related
Those neurons

neurons
(primarily
LLBNs) while stimulating
tested were not activated,
either
antidromically

following
electrical
stimulation
of the
IRG, as explained
in the Introduction.
As an extension

of our

studies

cMRF.

This study

on whether

has been terminated

the SC receives

the cMRF through
or orthodromically,
at the behest

feedback

from

the

of the initial

the saccade

generator,
we also tested
one of the hypotheses
for how the SC might
function
within
a feedback
loop.
That hypothesis,
the moving
mound
model,
posits that feedback
interacts
with the physical
movement
of activity
across
the SC during
the saccade.
Thus, the location
of the activity
in the SC
directly
codes the dynamic
motor error, which
is the instantaneous
error remaining
during
the
saccade
that must be compensated
by the feedback
circuit in order
to get the eye on target.
We
(Soetedjo
et al. 2002b, appendix
4) tested
the model
explicitly
and directly
by recording
the activity
in
the SC while requiring
the animal
to make optimal-direction
saccades
of various
amplitudes.
We
showed
that activity
did not move across
the SC as predicted
by the model
and concluded
that the SC
could not code dynamic
motor
error in order to control
saccade
amplitude.
This and the previous
SC
study
(Soetedjo
et al. 2002a, appendix
2) led
ballistic
command
to the saccade
generator.
We were
appendix

3).

asked

This

also

review

to review
afforded

directly

the current
the

opportunity

to our

status

hypothesis

of saccade

to update

our

that

generation
earlier

the SC supplies

(Scudder

review

(Fuchs

a largely

et al. 2002,
et al. 1985)

and provided
a platform
to outline
our current
working
hypothesis
for the organization
of the
saccade
generator
(cf., Fig. 8) as summarized
in Background
and Significance.
To reiterate,
current
data lead to the hypothesis
that both the SC and midline
cerebellum
are integral
in saccade
production
and this notion
forms the basis for our current
application.

PHS 398 (Rev.
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Director
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Chris

------------- of the last period,
an additional
goal was
------------on FEF and was least affected
by the hiatus

R. S.

to
in

support.
Our continuing
collaboration
led to a publication
(Fukushima
et al. 2000; appendix
1)
documenting
the properties
of pursuit-related
neurons
in FEF. We showed
that neurons
in the
frontal
pursuit
area discharge
not only with smooth-pursuit
eye movements
but also for vestibular
and visual
target
stimulation.
Thus, the frontal
pursuit
area appears
to combine
all the requisite
discharge
sensitivities
to be able to synthesize
motor commands
for smooth-pursuit
eye movements
in space.
These studies
are important
in their own right, but they also serve two other purposes
directly
germane
to our overall
program.
First, in anticipation
of potential
future
studies
on the
inputs
from the FEF to the rostral
pons as an alternate
pathway
to the SC for initiation
of saccades,

we

are acquiring
general
role
the FEF also
sensitivities
the IRG, their

the techniques
to perform
those projects.
Second,
they provide
insight
into the more
of cortical
oculomotor
areas outside
of their strictly
saccadic
functions.
We suspect
that
codes for saccades
in three-dimensional
space and will show analogous
discharge
to the pursuit
neurons
in the frontal
pursuit
region.
Since these studies were also rejected by
continuation
has been dropped from the current proposal.
We will seek other support for their

continuation

as they are important

Finally,
to the

damage

for the reasons

enumerated

above.

in the previous
funding
period
we had documented
the deficits
resulting
oculomotor
neural
integrator
located,
at least in part, in the nph.
Based

from
on classical

linear-systems,
sinusoidal
analyses
of the vestibulo-ocular
reflex (vor) in comparison
with
simultaneously
recorded
saccade
deficits,
we found
that the vor was virtually
unaffected
while stable
gaze following
saccades
was immediately
and permanently
debilitated.
We concluded
that the
integrators
for the two functions
were not the same and that the vor integrator
must lie elsewhere
than in the nph.
In discussions
with colleagues
who have performed
similar
studies
on goldfish,
it
became
apparent
that our sinusoidal
analysis,
although
the traditional
method
used in such studies,
failed to consider,
the substantial
oculomotor
drift engendered
by the nph lesions.
In particular,
we
had ignored
an eye-velocity
component
that was directly
and consistently
related
to eye position.
When
that further
component
is specifically
included
in analyses
of eye-position
deficits
following
nph lesions,
the disparate
results
for gaze holding
following
saccades
and vor disappear,
at least for
low-frequency
testing
(Goldman
et al. 2002; appendix
5) where
the neural
integrator
is most
important.
Thus, the nph is essential
for integrating
saccade-related
velocity
signals
into gazeholding,
frequency

eccentric
eye position
vestibular-velocity

commands
input into

following
eye-position

saccades
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STUDIES

We have initiated both of our proposed lines of investigation
of the saccadic function
of the
pathway:
saccade programming
(Specific
Aims I and 2) and saccadic gain adaptation
(Specific
4). Currently,
we have preliminary
data on aims I and 3. As outlined above, the failure
to reveal
cMRF connections
in preliminary
experiments
and our discovery
that nrtp neurons" discharge is
with saccade metrics (Fig. 6) led to a further
investigation
of nrtp properties
(Soetedjo et al. 2002).

nrtp
Aims 3 and
rostral ponscorrelated
The

quantitative
analysis
of the discharge
from those nrtp recordings
(e.g., Fig. 6) revealed
a number
of
differences
between
our results and those from previous
studies.
In particular,
nrtp LLBNs (Fig. 6A)
showed
significant
correlations
between
burst duration
and saccade
duration
(Fig. 6B). In order to
ascertain
whether
these neurons
simply
relayed
such information
from the SC (a major nrtp input)
to
the cerebellum
as concluded
previously
(Crandall
and Keller 1985), we have begun to quantitatively
compare
the discharge
of SC SRBNs and nrtp LLBNs.
Our preliminary
comparison
(Soetedjo
et al.
2002c) shows
that when the population
of saccades
is limited
to optimally
directed
saccades,
both SC
and nrtp neurons
show reasonably
high correlations
(average
correlations
of 0.65 + 0.27 and
0.56 + 0.19 for 27 nrtp and 37 SC neurons,
respectively)
between
burst duration
and saccade
duration.
Previous
studies (e.g., Sparks and Mays 1980) had not discovered
significant
correlations
between
SC
discharge
and saccade
metrics
for two reasons.
First, the variability
in saccade
metrics normally
is
not large enough
to reveal them (Soetedjo
et al. 2002a).
Second,
because
the movement
fields of SC
neurons
are large and relatively
symmetric,
saccades
to the periphery
of the movement
field obscure
metric relations
since very different
saccades
can be associated
with similar
discharge
(bursts).
By
limiting
our examination
to optimally
directed
saccades,
we have found
that both SC and nrtp show
significant

correlations

between

burst

and

Preliminary
results are intriguing.
(Fig. 7, top row) between burst
metrics and saccade metrics (linear
regression equations are inset). Even
in the worst cases (Fig. 7, bottom
row) the correlations
are often
significant
(lower right).
These

processing

of nrtp

input and it is fed into the
cerebellum.
Finally, there is a robust
correlation
between burst end time
and saccade end time (Fig. 7, last
column).
Thus far, the average
correlations
were 0.79 + 0.15for
27
nrtp neurons
SC neurons.

and 0.66 + 0.21for
37
The averages are higher

than for the correlations
between
burst and saccade duration.
To our
PHS 398 (Rev.
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As illustrated

in Fig. 7, nrtp neurons
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knowledge,
this end-time
correlation
was not previously
observed for any of the saccade related burst neurons
described so far. It is, however, consistent
with our model (Fig. 8) of saccade
control but not readily
explained
by previous
models
such as the local feedback
models.
Previously,
a significant
correlation
between
horizontal
end point and number of spikes has been noted (Kaneko
et al. 1981; Scudder
et al.
1988) for EBNs and IBNs, respectively,
but has not been explained.
If the nrtp-midline
cerebellum
loop acts as a saccade-duration
controller,
discharge
might
result.
This preliminary
signals
signal.
function

to the midline
cerebellum
In our proposed,
studies
it subserves.

the correlations
previously
evidence
suggests
that nrtp

and possible

signal flow

forms a working
hypothesis
that our
experiments
are designed
to test. It does
employ
a local feedback
circuit or a
comparator
(i.e., the element that combines

as illustrated

_

of the saccade generator.
An important
overall
goal of the proposed
experiments
is the
integration
of the ru'tp-cerebellum
loop into
models
like the one in Fig. 8. This model

Cerebellum

IBN
SC

duration
and what

in Fig. 8, which

I

ir-]

not

v _.,J"_-_

I Generator I

oneurons

_ |Position
Ilntegrator

Superior
CoWcutus

desired eye displacement
with current eye
displacement
to guide the saccade to the target)
per se. Instead,
it utilizes
the known
between
pontine
The experiments

in EBN and
simply relay

but somehow
processes
them to improve
the saccade
we hope to discover
how this might be accomplished

Currently,
we conceptualize
the elements
illustrates
our working model of the organization

connections
structures.

observed
does not

and cerebellar
in our specific

e = eye position
= eye velocity
d_bs= desired saccade size

recent studies
current studies

Fig.
aims

8.

Working

concentration

model
for this

for saccade
support

period

generation.

Areas

are shown

of

in red.

will concentrate
on the pathways
shown
in red.
Although
speculation
on the function
of the various loops seems premature,
they are included
because
they represent
the known
anatomy.
We are testing the hypothesis
that the nrtp LLBNs
supply a duration
feedback
signal via a pathway
through
the cerebellum.
Nonetheless,
it is obvious
from the proposed
structure
that the cerebellar
feed-forward
loop is the one envisioned
as the
saccade
control/adjustment
pathway
and that the feed-back
loop to the SC may or may not function
in the on-line control of saccade
trajectory.
If it does, it is likely that it maintains
SC output and burst
generator
drive during a saccade.
Tests with an intermediate
version
between
the model
shown
in
Fig. 8 and current models suggest
that the cFN can exert an immediate
and powerful
influence
on
saccade
trajectory
and thus, saccade
accuracy.
Our finding
that the deceleration
phase of saccades
most affected
(Soetedjo
et al. 2002a) by slowing
saccades
is also consistent
with the idea of a "trim"
end point control.
It should be emphasized
that a critical difference
between
our proposal
and
previous
models
that include
the midline
cerebellum
(Dean 1995; Quaia
require a dynamic
motor error either from the brainstem
or synthesized

et al. 1999)
locally.

is that it does

is
or
not

Our previous
first specific
aim was to complete
the electro-anatomical
studies
of the potential
brainstem-to-SC
pathway
that might convey
feedback,
saccade-control
signals.
We had begun that
project and mapped
the rostral
pons and cMRF in each of two animals.
Unfortunately,
one of those
animals
rejected
its implant.
Since that study has been banned, after recovery
the animal was re-implanted
with a new chamber aimed at the nrtp. We did this in order to assess the feasibility
of our current 3 _=specific
aim to record nrtp neurons during saccadic gain adaptation.
Preliminary
results have been encouraging.
We
have been able to record presumptive
nrtp neurons (the animal is still being used so there is no confirmatory
histology yet) during gain adaptation
using McLaughlin's
(1967) technique
of stepping
the target either
forward or backward during the initial saccade.
Figure 9 shows an example of two such neurons that are likely
nrtp neurons (Figs. I and 6) based or their location relative to other identifiable
pontine neurons (e.g., OPNs)
and our mapping
of the region prior to the loss of the first chamber.
We were able to record from the same
neuron over the course of gain reduction (see Research
Design
and Methods
below).
In response to a
constant

10 ° target

PHS 398 (Rev. 4/98)
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(left,

blue axis)

with each saccade.
neurons above.

equation)

plotted

The lower

with repeated

over
row

the course
shows

of adaptation

the number

trials.

The right

of spikes for each saccade

trials of intra-saccadic

back-steps

axis plots

the number

size before

(trial numbers

(green)

of spikes
and after

on abscissa

in each burst
(pink)

exclude

associated

adaptation

for

the

all trials with

inaccurate,
predictive,
or multi-step
saccades).
In contrast, the number of spikes (Fig. 9, red, right axis) in the
saccade-associated
burst INCREASED. This increase represented
a general increase in sensitivity
for the nrtp
neurons as shown in the lower row (Fig. 9). Plots of the number of spikes in the burst as a function
of saccade
amplitude
before (pink) and after (green) show that the linear relation is maintained
with a similar slope, but
the sensitivity
(intercept)
is significantly
increased for a given saccade amplitude.
Thus, like cFN, nrtp neurons
increase their discharge in association
with decreases in saccade gain. We will need to corroborate
this finding
in other nrtp neurons and assess whether there are different subtypes
that may not change or may change in a
different manner.
Nonetheless,
this preliminary
result is exciting and suggests
that we will be successful
in our
nrtp, saccade-gain
experiments
(Specific
Aims 3 and 4). In particular,
if we can show that the nrtp is
necessary for adaptation
by inactivating
gain plasticity
in the saccade system.

it (Specific

Aim

4), we will have located

at least one site for adaptive

We have begun pilot studies
to further define nrtp function
using reversible
inactivation
with
muscimol
(Specific
Aim 3). Now that we can distinguish
rostral
pontine
LLBN areas (see PROGRESS
REPORT), we wanted
to see if we would
be able to test nrtp function
explicitly.
In fact, in preliminary
experiments,
animal show

we have been able to reversibly
that the experiment
is feasible

inactivate
and we have

nrtp in a single animal.
the necessary
techniques

Initial
in hand.

results in that
Injections
of

small quantities
(80-200 nL) of phosphate-buffered
muscimol
(2mg/ml)
result
in progressive
loss of
the ability to make ipsilateral
saccades.
However,
these affects are somewhat
similar
to those
following
reversible
inactivation
of dLLBNs
though
not as extensive
(e.g., no vertical
saccade
palsy)
or severe, so it will be necessary
to perform
a variety of controls
as outlined
in the next section.
Nonetheless,
our initial success
shows
that we can locate and inactivate
a significant
portion
of the
nrtp to produce

a consistent

oculomotor

syndrome.

In addition,

PHS 398 (Rev. 4/98)
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the

majority
of the effects are specific
to the nrtp.
Finally,
it should
be mentioned
that we have not
encountered
other saccade-related
neurons
(e.g., burst-tonic
neurons)
in the nrtp so we think the
results
are due to inactivation
of the nrtp LLBNs and the similar
shorter
lead burst neurons
we
recorded
functions

there.
of nrtp.

We will use this approach to test both the saccade-programming
and gain-adaptation
This will be essential since, even if nrtp neurons change their discharge
during gain

adaptation,
it will be important
to show
during the adaptive process will provide
We have a single anecdotal
adaptation.
In the course
of our

that their activity
is necessary
such evidence (see below).

observation
experiments

that corroborates
on the rostral

upward
hypermetria
after many
(>150) electrode
to restore
normal
tracking,
we attempted
to train
adapt
to normal
gain.
After 2 weeks
of intensive

for the process.

Inactivation

of nrtp

the importance
of nrtp in saccade-gain
pons, one animal
developed
a progressive

tracts and tests with electrical
stimulation.
it on vertical
saccades,
expecting
the animal
training,
there was no change
in the upward

In order
to

hypermetria.
We then attempted
to adapt
his horizontal
saccades
in our standard
back-step
paradigm
(e.g., Hopp
et al. 2001).
After thousands
of trials (usually
only hundreds
are necessary),
the
animal
showed
no adaptation,
suggesting
that it was unable
to adapt
its saccade
gain either
horizontally
or vertically.
This is unusual
since, in our experience,
8-9 of 10 monkeys
and all five the
animals we have tested recently show clear adaptation
following
exactly
the same paradigm.
Our
working
hypothesis
is that damage
due to the repeated
tracks and electrical
stimulation
in the rostral
pons has somehow
eliminated
the animal's
ability
to adapt.
We find this anecdotal
observation
encouraging
for our planned
experiments
on nrtp inactivation
and its effect on saccade-gain
adaptation
(Specific
Aim 4), for it suggests
that the rostral
pons and possibly
the nrtp may well be
involved

in some

aspect

of that

adaptation.

complete
cerebellar
duration

In summary,
our previous
work and preliminary
data demonstrate
that we should
be able to
all of our specific
aims.
If successful,
we will be able to begin to document
the important
contribution
to the generation
of saccades.
In addition,
we may clarify the role of saccadefeedback
to the SC. The methods
to accomplish
our aims are detailed
in the next section.

D.

Research

Overview:

Design

To accomplish

and

Methods

the

specific

aims

we will

use methods

that have

been

routine,

or are only

slightly
modified
from those used in our laboratory
for years, so we are confident
that the
experiments
will succeed.
We do not anticipate
any insurmountable
technical
problems,
and
expect that the
of how saccades

results
will provide
are programmed

significant
new information
that
and how their amplitude
is controlled

will lead to a new
over time.

we

understanding

First, we will consider
the research
design
and potential
problems
with, or limitations
of, our
approach.
Then we will outline
the procedures
that are general
to all the aims and consider,
subsequently,
those that are unique
to each specific
aim. The relation
of expected
results
to the aims
of this project
will be reiterated
in those sections.
The types of data analysis,
methods,
or minor
possible
relevance

difficulties
will be considered
inter alia. Finally,
we will
of our findings
and a timetable
for the experiments.

Research
discharge
formalize

conclude

with

the

anticipated

Design:
The goal for this renewal
period
is to gather
enough
data about
connections,
characteristics,
and effects of reversible
inactivation
and electrical
stimulation
to be able to
a new model
of saccade
generation
that includes
the midline
cerebellum,
initiates
saccades

ballistically,
and uses saccade-duration
feedback
and/or
feed-forward
signals
to fine-tune
saccades
the face of error signals.
In doing so, we hope to produce
a more accurate
picture
of how saccades
are generated.
As discussed,
this shift away from a traditional
local feedback
controller
has been
prompted
by accumulating
evidence,
including
our own, suggesting
a feedback
loop that codes
saccade
duration.
That duration signal may be relayed
from the brainstem
to the SC via circuits
in the
midline
cerebellum.
Specifically,
the SC had been thought
to simply
supply
an error signal to the
brainstem

where
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More recently,
it has been suggested
that the SC commands
not only saccades
but coordinated
gaze
movements
as well (e.g., Freedman
and Sparks
1997). Our data show that there is feedback
from the
brainstem
to the SC; however,
this feedback
does not code saccade
amplitude
or displacement
but
rather
seems most closely
related
to saccade
duration.
While we are confident
that our approach
and
rationale
are most consistent
with known
anatomy
and physiology
and suggest
a ballistic
saccade
initiator with possible end-point
control, we will not be so constrained
by our expectations
that we will
be unable to be led by our results.
Thus, if we find that there is evidence
that the saccadic
system
actually
does
displacement
those findings.

function
feedback

To begin

as a feedback
amplitude-controller,
to control amplitude,
we will adapt

to distinguish

how

a duration

signal

for example
our model,

might

contribute

using saccade
hypotheses
and

to saccade

duration
or even
experiments
to

programming,

we

must locate its source
and its relays and identify
any signal transformations
that occur along the
pathway.
Thus our first specific
aim is to test whether
the feedback
from the brainstem
saccade
generator
is conveyed
via the nrtp pathway
and the midline
cerebellum.
Unfortunately,
previous
work has suggested
that the nrtp does not code saccade
metrics
(Crandall
and Keller 1985) or has
distinguished
between
nrtp and other rostral
pontine
neurons
(Hepp
and Henn
1983).
The
preliminary
evidence
described
above
it is important
to establish
unequivocally
saccade
information
to the cerebellum.

(Figs. 6 and 7) refutes
this notion
of poor
that nrtp neurons
might
convey
useful
Our first aim is designed
to do just that.

any difficulty
with this aim, either technical
or interpretative
findings
(Soetedjo
et al. 2002c), and we expect
that complete
findings
that nrtp neurons
relay a robust
saccade-duration
cerebellum.
If, as our preliminary
information
to the cerebellum,

evidence
suggests,
the nrtp
we then need to establish

begin
to test the function
of that pathway
by electrical
inactivation
of the nrtp itself. We do not anticipate
any

not

coding.
Nonetheless,
(i.e., metrical)
We do not anticipate

as evidenced
by our preliminary
results
will support
our preliminary
(and possibly a saccade-end)
signal to the

does
how

indeed
relay saccade
duration
that information
is used.
Thus,

stimulation
to identify target elements
methodological
problems
as attested

we will

and by
by our

initial success.
Nevertheless,
there are a number
of areas that might
present
difficulties.
In both
experiments,
there is a potential
problem
of not being able to effectively
involve
a significant
portion
of the saccade-related
nrtp neurons.
Indeed,
preliminary
recordings
suggest
that the saccade-related
neurons
are distributed
along the dorsal
margin
of the nucleus
(Fig. 1). Fortunately,
they are also
concentrated
on the midline,
especially
in the midline,
dorsal
extension
(Brodal
1980) of the nrtp.
aiming
our initial injections
at the base of this dorsal
extension,
we have been able to affect enough
nrtp neurons
to produce
dramatic
and consistent
saccade
deficits.
Thus, we plan also to aim our
stimulating
electrodes
at this region
and anticipate
involving
a significant
portion
of the saccadic

By

nrtp.
A possible
objection
(i.e., free to move) animals
of a head-free
preparation

to our proposed
study of the nrtp might
be the failure
to use head-free
instead
of the head-fixed
animals
we normally
employ.
We think the use
is premature
at this point because
it would
add the uncontrolled
variable

of vestibular
input and its associated
vor. While there is general
agreement
that the vor gain is
reduced
during
coordinated
eye-head
movements,
there also is pointed
disagreement
regarding
the
timing
and amount
of reduction
in vor gain during
head-free
gaze shifts (cf., Phillips
et al. 1996; Roy
and Cullen
2002).
Thus far, this input has been difficult
to assess and represents
an unknown
input
to the motoneurons
as well as a potential
input to some of the burst-generator
elements.
Therefore,
we prefer
to learn more regarding
the saccadic
role of the nrtp pathway
in isolation
before
adding
the
complexity
of head-free
gaze shifts.
If initial findings
warrant,
we are prepared
to initiate
head-free
experiments
since our current
set-up
was designed
for, and currently
accommodates,
such
experiments
(e.g., Knight
and Fuchs 2001).
We fully anticipate
that our model and approach can be readily
adapted to the head-free situation
since they were formulated
with such movements
in mind.
We have
saccades
PHS
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that there are no
errors
and those
adaptation.
We

suggest
that the same error signal that can alter saccades
mid-flight
(e.g., Mays and Sparks
1980) can
be used for triggering
adaptive
gain control
of saccade
amplitude
if the error is repetitive,
consistent,
and appropriately
timed
(e.g., Shafer et al. 2000).
In our third aim, we will begin tests designed
to
investigate
the second
of these two likely possibilities;
that the cerebellar
loop subserves
adaptive
gain control.
In our fourth aim, we will use reversible
inactivation
of nrtp to create
hypometric
saccades
and monitor
adaptation
(cf., Robinson
et al. 2002) to show whether activity
of the nrtp is
necessary for saccade adaptation.
The major predictable
difficulties
with this approach
are the
possibility
that the saccade
PRELIMINARY STUDIES) and

deficits
will be so severe
that they abolish
ipsilateral
saccades
that adaptation
will be small and not statistically
distinguishable.

(cf.,
We have

shown that we can overcome
the first potential
problem
by using smaller
quantities
of muscimol
and
placing
the injections
slightly more laterally
so they affect a smaller
portion
of the nrtp.
In our
preliminary
tests, quantities
of 40-60 nL produced
slight hypometria
of ipsilateral
saccades
on an
increasing
portion
of the trials.
These should
be sufficient
to evoke detectable
adaptation
(Straube
et
al. 1997).
Alternatively,
we could inactivate
the nrtp projection
to the cerebellum
by injecting
lidocaine
into the brachium
pontis
where
nrtp axons coalesce
on their way to the cerebellum
(Scudder
et al. 1996b).
If the adaptive
process
is affected,
we will have to introduce
a number
of
controls
(see below)
before
concluding
that the pathway
is important
in supplying
the error signal
that is used for saccade
gain adaptation.
However,
we do not anticipate
prohibitive
technical
problems.
We now have evidence
that the second possible difficulty
will not be a concern.
Thus far, all (4)
animals that we have tested readily significantly
increase their gain. We have also shown that a progressively
changing,
intra-saccadic
step promotes
maximum
gain change in a minimum
number
of trials so that the
progressive
effects of neuroactive
agents should not be a problem but, on the contrary,
should
be optimal for our
purposes.
It is possible
that the peri-saccadic
and post-saccadic
errors are either
temporally
distinct
or
are subserved
by subsets
of nrtp neurons.
The proposed
experiments
will begin to distinguish
between

these

two

possibilities.

General
Methods:
All of the general
methods
routinely
(e.g., Kaneko
1996, 1997, 1999; Kaneko
PRELIMINARY STUDIES).
Although
they continue

were developed
previously
and are currently
used
and Fukushima
1998; Soetedjo
et al. 2002a,b,c;
to evolve,
the methods
should
present
no new

problems
whatsoever.
In brief, for all experiments,
juvenile
male Macaca mulatta
are obtained
from
any available
source.
The lack of availability
is a major impediment
to our program
and requires
us
to order many months
(currently
9 months)
in advance
of our anticipated
needs,
maintain
the
animals
for prolonged
periods,
and accept
animals
that are not always
suitable
for alert animal
studies.
We are attempting
to circumvent
some of these problems
by asking
for and maintaining
I or
2 animals
more than we would
have in years past.
Following
quarantine,
TB testing,
and adaptation
to handling,
animals
are implanted
with a scleral search
coil, stabilization
lugs, and recording
chambers
under
general
halothane
anesthesia
in an aseptic
surgery
conducted
in a certified
surgical
suite under
veterinary
supervision.
For the pons and SC, two chambers
(1.0 cm i.d., made
of surgicalgrade stainless
steel) are implanted
such that they are angled
20 ° laterally
from the mid-sagittal
plane
(cMRF),
or 30 ° (nrtp) or 38 ° (SC) caudally
from the frontal
plane
and aimed
at the recording
site.
Access
to target
structures
has been well within
the limits of the extent of our chambers
in the past so
we expect
no particular
problem
in future
animals.
After monkeys
recover
from surgery
(not less than one week),
they are trained
to perform
a
target
fixation
task with head held stationary
via stabilization
posts that are fixed to the primate
chair
and mated
to the implanted
lugs on the monkeys"
skull.
Accurate
performance
is rewarded
with
apple sauce baby food (Gerber's)
that is supplemented
and vitamins,
and protein
powder);
thus the animals
much as 6 times, their minimum
session.
It is usually
unnecessary
PHS
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difficulty
of the tasks, number
until the animal
will perform

of
the

required
task well for periods
of about 3 hours.
Because
of the poorer
quality
of some of the recently
obtained
animals,
it is now obvious
that not all animals
will perform
well or for the till 3 hours.
Those animals
will be used for experiments
that do not require
as high a level of performance
such as
the

inactivation

experiments.

Following

saccadic

training,

monkeys

are

trained

to perform

smooth-

pursuit
of a sinusoidally
moving
target
at a variety
of frequencies
and in different
directions.
This
training
requires
no special
procedures
after the animals
have learned
the saccade
task, but does take
a few days to weeks
for them to become
proficient
at targets
of higher
velocities
and in oblique
directions.
Pursuit
is used mainly
to distinguish
whether
deficits
caused
by inactivation
are specific
for saccades
or generalize
to other types of eye movements.
Finally,
the animals
are trained
on the
more difficult
saccade
tasks starting
with the introduction
of a second
spot that is flashed
at random
positions
becomes

on the tangent
screen.
After they
a cue to look at the second,
former

learn to ignore
it, the extinguishing
distracter
spot.
It is then simple

of the first spot
to train the animals

in a

delayed
task in which
they look to the second
spot only after the first is extinguished
or a
remembered
saccade
task in which
the second
target is flashed
and they are required
to make a
saccade
to its remembered
location
after a variable
delay when
the first spot goes out. In addition

to

required
oculomotor
behaviors,
the monkeys
learn to continue
tracking
despite
a variety
of other
stimuli
such as moving
visual backgrounds.
This training
will become
more important
as we begin
to test the function
of the nrtp-cerebellar
neurons
(see below).
Microelectrodes
(fabricated
in-house
of insulated
tungsten)
are introduced
through
the recording
chamber
via a micropositioner
and
microdrive
fitted with a guard/guide
tube.
Usually,
the OPNs or trochlear/oculomotor
nucleus
mapped
first by recording
extracellularly
and correlating
the pause
in tonic activity
(Langer
and
Kaneko
1990) or the burst-tonic
activity
(Fuchs
et al. 1988), respectively,
with the eye movements
order to confirm
the placement
mapping
is less important
now
their relative
locations,
and are
PROGRESS REPORT above).

and

of the chamber
before
moving
that we have identified
several
able to distinguish
them based

The procedures
for introducing
neuroactive
or anatomical
have been described
in detail in recent publications
(Kaneko

on to the area of interest.
subgroups
in the rostral
on their saccade-related

in

Preliminary
pons, know
discharge
(see

tracer
substances
are also
1996, 1997, 1999; Soetedjo

2002a; PRELIMINARY STUDIES).
We first locate the area of interest
using the above
outlined
techniques
and then replace
the tungsten
electrode
with an injection
assembly
consisting

is

routine
et al.

recording
of a 0.7-mm

(o.d.) glass micropipette
tip glued
to an internal,
concentric
stainless
steel tube (30 ga.). The tapered
glass pipette
minimizes
leakage
of the injected
substance
back along
the electrode
shaft (Kaneko
1996). The stainless
steel tube is insulated
along the portion
that makes
contact
with the animal
or
manipulator
so that we sometimes
(~l/5th
of the time) are able to connect
to the recording
amplifier
and record
via the pipette.
The other end of the stainless
steel tube is mated
with and sealed
to thickwalled
microtubing
that is filled with incompressible
red oil and led to a valve that can be closed or
opened
to the pressure
delivery
system
(Picopump,
WPI Inc.).
Movement
of the red meniscus
of the
oil/injection
fluid interface
within
the connecting
tube has been calibrated
with a microliter
syringe
and corresponds
to 40 nL/mm,
so that precise
quantities
(_+ 5 nL) can be administered
by pressure
using a graticule
and magnifying
lens to track the meniscus.
This approach
and apparatus
will be
used for injection
of neuroactive
substances
(see PRELIMINARY STUDIES and Kaneko
1996, 1997, 1999)
as well as anatomical
tracers
(Mustari
et al. 1994). We intend
to try other neuroactive
agents
such as
d-gamma-glutmyl-glycine
(DGG), which has general
neuro-inhibitory
effects but is more specific
and
diffuses
less than muscimol
learned
(A. Gibson,
personal
communication).
It ought
to be effective
specifically
on cerebellar
neurons,
given their neuro-transmitter
profile.
The greater
specificity
of
other neuroactive
agents
might
allow even more circumscribed
injections
that will facilitate
selective
testing
of neighboring
pontine
neurons.
The spread
of neuroactive
agents
has not been a prohibitive
concern
because
direct tests of spreading
(e.g., Martin
1991; Sandkuhler
et al. 1987) consistently
show
that the affected
area
evidence
(e.g., Quaia
PHS 398 (Rev. 4/98)
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per se. We

the mechanisms

The procedures
for electrical
stimulation
and identification
of connections
also have been used
routinely
(Kaneko
and Fuchs 1982a; Fuchs et al. 1988). Two approaches
will be used.
For checking
connections
with a particular
region
(e.g., vermis),
on the first day of a recording
week an area of
interest
is identified
by recording
via a large-tip
(~30 Ilm long cone), iron-plated
tungsten
electrode.
After the area is located,
the electrode
is left in place by the use of a specially
designed
break-away
electrode
carrier
that is identical
to the normal
carrier
but can be disassembled
at a joint (cf. Fuchs et
al. 1988). The electrode
for the rest of the week.
cage at the end of
minimize
damage
identified
neuron
have done for the

is connected
The electrode

to a stimulus
is protected

isolation
unit during
the daily recording
sessions
by a cap when
the animal
is retumed
to its home

each daily session;
the cap and electrode
are removed
on
that the indwelling
electrode
might cause.
For checking
types, we will obtain simultaneous
recordings
from two
OPN and SC recordings
(Soetedjo
et al. 2002a), and then

the last day of the week
connections
between
identified
units, as we
switch
one of the head

to

stages
to the "stimulate
mode"
via a built-in
latching
relay.
Electrical
stimulation
can then be
delivered
through
the recording
electrode.
We have used this technique
to study
connections
between
cMRF and rostral
puns (PRELIMINARY
STUDIES) and the caudal
fastigial
nucleus
and EBNs
(Kaneko
and F. R. Robinson,
unpublished
observations),
so we are confident
that all of the equipment
and techniques
necessary
for these procedures
work in our recording
situation.
The only exception
the addition
of new equipment,
the stimulus
isolation
unit (siu) and oscilloscopes
that we have
requested
in the budget
(see justification
above);
however
these should
only improve
the
procedures.
In particular,
the built-in
accuracy
of our current
measurements

virtual
ground
and promote

current
monitor
in the siu will
more precise
titration
of current

is

improve
the
intensities.

Similarly,
all of the behavioral
control,
digitizing
and analysis
hardware
and software
for all of
the expected
types of data have been developed
and are in use (Kaneko
1996, 1997; Kaneko
and
Fukushima
1998). The behavioral
control
consists
of a dedicated
Macintosh
computer
and A/D,
D/A,
DIO boards
(National
Instruments),
and an in-house
imbedded
controller.
The former
allows
the user to specify
the
the attendant
variables

type of task (e.g., remembered
(e.g., fixation
duration,
delay

saccades
or saccade
time, etc.) while the

gain
latter

adaptation)
monitors

and all of
the animals'

performance
(e.g., time on target,
number
of saccades,
etc.) and controls
the reward
rate as well as
auditory
cue signals
that act as secondary
reinforcers.
The requested
upgrade
to the CED system will
allow us to take advantage
of programs
that mimic the current Mac programs
and are being developed for the
CED platform
by our colleagues
------- ------- ---- ------- ------ -----------The data are recorded
now on
VCR tape and digitized
off-line
via similar
hardware,
although
we hope to circumvent
this timeconsuming
process
with the new digital
video disk (dvd) recorder
we have requested.
The digitized
data are stored
on rewritable
optical
disks or transferred
via a local area network
for analysis
on any
of the office Macintosh
computers
using in-house
software.
A program
for each type of data (e.g.,
saccade
or smooth
pursuit)
allows
the user to edit the data and measures
the appropriate
characteristics
of the unit and behavioral
response
(e.g., Kaneko
and Fukushima
1998). The analysis
programs
have been
(e.g., Excel, Microsoft)
illustration
software

designed
so that their
or modeling
software
(e.g., Canvas,
Deneba)

results
can be exported
easily to commercial
spread
sheets
(e.g., Matlab,
Mathworks)
for further
analyses,
or to
for developing
figures
and slides.
We are in the process

of refining
and streamlining
these steps so that we can directly
use data from our requested
dvd
recorder
or the CED and thus eliminate
off-line
digitizing.
We are also beginning
to port our analyses
to the more

powerful

Modeling

and

flexible

of the results

Matlab

is used

environment.

routinely

(Kaneko

1997; Goldmatn

et al. 2002)

to quantitatively

test alternative
hypotheses.
We now use Matlab
5.0 for the Macintosh
and will have to convert
some
programs
to the new OS X (R13) format.
While modeling
is not a major thrust
of the laboratory,
it
does provide
a convenient
way to conceptualize
results
(Fig. 8) and quantify
hypotheses.
We are
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None
circumstances.

of the procedures
Nonetheless,

of the

saccade

generator

that

can account

or materials
are potentially
hazardous
rigorous
safety standards
are in place

and

for our SC results

to personnel
under
normal
all personnel
are required

to

take regular
training
dealing
with potential
hazards
through
the University
as well as the Primate
Center.
We routinely
glove, gown,
and wear eye protection
when handling
the animals.
We sterilize
all materials
that contact
animal
tissue or have the potential
of penetrating
the integument
and we
work under
an evacuation
hood when using even mildly
toxic chemicals
(e.g., excess
formalin
for
tissue fixation).
Safety precautions
are in place for disposal
of biological
materials,
"sharps"
(including
containers

microelectrodes),
and potentially
toxic materials.
and lined, designated-hazard
wastebaskets
that

supervised
Washington

disposal
program
conducted
by Primate
maintains
an on-going
safety program

handling
and storage
Washington
National
that apply to primate
SPECIHC
nrtp

of potentially
hazardous
Primate
Research
Center
care and safety.

These
are part

include
special
disposable
of a regular
pick-up
and

Center
personnel.
for education
and

material.
routinely

In addition,
monitoring

the University
of procedures

of
for

The minimum
standards
required
by the
exceed
all other recommended
standards

METHODS:

recording:

feedback
duration
mapping

As a first

step

in testing

whether

the nrtp

acts

as a portion

of the duration-

loop, we will record
nrtp neurons
and attempt
to show that they carry the requisite
saccadesignal.
We will accomplish
this, as we are currently
doing (Fig. 7), by recording
and
nrtp neurons
and quantitatively
analyzing
their discharge.

The first part of this series of experiments
is under
way.
We are now comparing
nrtp
discharge
with that of the SC to see if the nrtp merely
relays
the SC input or in some way modifies
it.
We had expected
that SC neurons
would
not possess
a distinguishable
saccade
duration
signal and
were surprised
that it is reasonably
robust
(Soetedjo
et al. 2002c) especially
if one limits analysis
to a
subset
of saccades
close to the optimal
direction,
as we have done for the nrtp neuron
analysis.
As an
initial approach,
we plotted
the firing rate and number
of spikes
as a function
of saccade
direction
and limited
the analysis
to saccades
that were +10-15 ° of the optimal
direction.
Although
this
limitation
is not necessary
to demonstrate
significant
correlations
between
burst duration
and
saccade
duration
of nrtp neurons
(e.g., Fig. 6B), it was useful
for SC and nrtp neurons
(Soetedjo
et al.
2002b) in order to quantify
their discharge
based
on objective
criteria
for defining
the burst.
This is
because
the burst is not distinct
in many SC and some nrtp neurons
when
the saccade
is not optimal
(Soetedjo
et al. 2002b; Fig. 10). This is illustrated
in the Fig. lO for a closed field (left) and open field (right)
nrtp neuron.
Discharge associated
with saccades other than optimal direction saccades (Fig. 10, dark red
points) can be at a much lower level and associated with a variety of amplitudes
and directions
(e.g., light blue
points).

To deal with this variable

discharge,

we have

tried several

/
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duration
at half of peak rate (e.g., Fig. 11,
50% peak), and correlated
with the
associated
saccade
duration.
Of the several
investigated
methods
for objectifying
the
measurement
of burst
duration
without
arbitrarily
limiting
the associated
population,
we settled on methods
make the reasonable
assumption
target,
or "downstream,"
neuron
responding
such that a threshold

time

15 °

smooth
the discharge
associated
with nonoptimal
amplitude
saccades
(e.g., Fig. 11,
red trace). The burst was then defined
using
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Fig. 11. Technique for objectively marking bursts of SC and nrtp
neurons. See text for details.

some minimal
activation
level must be reached

(e.g., half peak
to be considered

discharge)
effective.

before
We

have chosen the following
analysis
(Fig. 11) to provide an objective measure of the burst. Each spikedensity
function
associated
with each saccade
is calculated
(Fig. 11, red trace), its peak is found,
the
half-peak
amplitude
points
are marked
(dashed green lines, Fig. 11) and then the program
searches
toward
the peak for the occurrence
of an actual spike (green lines, Fig. 11), which is not the same as the
Gaussian-convolved
spike or the half-peak point. The first and last spikes
thus found
define
the burst
duration
rejected,

(red spikes at the bottom, Fig. 11). Each saccade
and burst are inspected
or re-marked
as appropriate.
While this method
may not be applicable

visually
and
universally

accepted,
in

theory,
especially
in the case of "open field" neurons
that discharge
for all saccades
larger
than some
minimum
size (Fig. 10, right) and whose
discharge
trails off gradually,
it has nonetheless
proven
quite
effective
so far (n=22) even for non-optimal
vector
saccades
and open-field
neurons
like the one
shown
on the top row of Fig. 7. A comparison
of this newer,
more objective
technique
has confirmed
our previous
analysis
(Fig. 6) and supported
the preliminary
conclusion
that both SC (not shown)
and nrtp (Fig. 7, middle
column)
code saccade
duration
in their discharge.
A most encouraging
preliminary
finding of our on-going
analyses
is that the correlations
between
burst and saccade
duration
are more robust
for nrtp neurons,
on average.
As we have just begun these analyses,
firm
conclusions
are not yet warranted.
However,
we see no obvious
difficulties
or pitfalls
in our
approach
and expect
to be able to complete
these analyses
in a timely
fashion.
Although
our collected data (see PRELIMINARY STUDIES) might seem sufficient
at this point, they are
lacking on several counts which will require collection and analysis of more nrtp neurons.
First, there are at
least two groups of both nrtp and SC neurons:
open- and closed-field
neurons (Fig. 10). Open-field
neurons
discharge for all saccades of a particular
direction
while closed-field
neurons
respond only around a specific
amplitude
in a specific direction.
Our sample of nrtp neurons
is lacking in examples
of closed-field
neurons
(only 5/27).
We cannot yet tell if this is a real difference in the proportion
of these types of neurons seen in nrtp
as compared with the SC or if we haven't sampled the correct parts of nrtp.
We will attempt
to assess this
possibility
and characterize
more closed field nrtp neurons
in future
monkeys.
Second, there may be differences
between short-lead
and long-lead nrtp neurons.
Once again, we do not have sufficient
numbers
of one type, the
short-lead
type, as they are difficult
to identify during the course of the experiment
and require histological
verification
that they are actually within the nrtp. Since our sample size is nearing statistical
significance,
we
can now concentrate
on the "missing"
types to be certain there are no oversights.
Third, preliminary
analysis
has suggested
that we need a more thorough
mapping
of the movement
fields of at least some nrtp neurons in
order to be certain that there are no incongruities
that we have missed.
This will also be a focus of future
recordings.
Cerebellar
connections:
It is well known
that the nrtp projects
massively
to the vermis
(Brodal
1980) but it is not certain whether
the verrnis
is its exclusive
target
or whether
there is any
specialization
within
the nrtp.
Bulk tracer studies
(e.g., Gonzalo-Ruiz
and Leichnetz
1990) suggest
that the cFN also receives
an input from the nrtp but its extent
is not yet known.
We intend to
PHS 398 (Rev. 4/98)
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neurons

to both regions,
signals.
In that

scenario
(Fig. 8), the vermis
and cFN would
receive
identical
saccade-duration
signals.
The output
of
the cFN would
be modifiable
by the integrated
oculomotor
signals
(e.g., proprioceptive)
impinging
on
the vermis
and then fed-forward
to the cFN. This scheme
is analogous
to that envisioned
by Marr
(1969)

for cerebellar

learning

and

Ito (1970)

for vestibulo-ocular

directly
affect saccadic
output
via its excitation
to the SC via its projections
there (see Background
circuit is consistent
with the known
anatomical
Background

In addition,

and Significance).

of EBNs

adaptation.

The

cFN

output

would

saccade-duration
information
back
and Significance,
above).
Though
speculative,
such a
connections
and physiology
as discussed
(see

electrically

and

evoked

vermis
(e.g., Fujikado
and Noda
1987) and the cFN (Noda
but not easily explained
by current
models
of the brainstem
attractive
because
it would
allow for other known
vermal

relay

saccades

following

stimulation

of the

et al. 1991) are consistent
with this scheme
saccade
generator.
This scheme
is also
signals
to be integrated
into the saccade-

producing
circuit.
For example,
proprioceptive
signals
from the extraocular
muscles
are known
project
to the vermis
(Fuchs
and Kornhuber
1969; Baker et al. 1972) and there are target-related
well as optokinetic
signals
available
there too (see Noda
1991).
Saccade-related
stepping
be tested
as described
sometimes

neurons

will

be sought

target
as outlined
in the General
in different
saccadic
paradigms
above.
Our
called visually

search
paradigm
guided
saccades.

in the nrtp,

vermis,

methods
above. When
and for other oculomotor
is normal
If there

or cFN while

the animal

tracks

a related
neuron
is isolated,
sensitivities
(e.g., smooth

saccade
tracking
is saccade-related

to
as

the

it will
pursuit)

of a jumping
visual target,
discharge
as assessed
by

listening
to the audio-monitor
and viewing
the fast-sweep
and storage
oscilloscope
traces, we next
test for directionality,
and amplitude
tuning,
assess latency,
and look for a visual response
to the
target
step.
Directionality
and amplitude
tuning
are assessed
as in the past (see Soetedjo
et al.
2002a,b
for detailed
description)
by stepping
the target
from the central
fixation
point in
progressively
more oblique
(usually
vertical
for these largely
horizontal-related
until the extremes
of the response
field are mapped
as indicated
by a failure
motor-related
discharge.
variety
of step sizes.
The
is assessed
at the optimal

neurons)
directions
of the response
of the

Amplitude
tuning
is assessed
at the bisection
of the directional
field using a
directional
extremes
are then re-checked
at the optimal
amplitude.
Latency
vector
if there is one, since progressively
more dissimilar
saccades
have

shorter
latencies
(e.g., Kaneko
et al. 1981).
specifically
in a delayed
saccade
paradigm.

If there
If the

are indications
neuron
displays

of a visual
any tonic

response,
activity,

we test
we assess

eye

position
sensitivity
by requiring
the animal
to fixate at 5 ° steps within
_+20 ° horizontally
and
vertically
of central
gaze.
We also test for pursuit-related
activity
by requiring
the animal
to track a
sinusoidally
moving
target
(0.4-0.5 Hz, + 10 °, around
0 °, straight
ahead).
In practice,
the extent of
characterization
will vary depending
on the area. In the nrtp, we will complete most of the characterization
in
an attempt
to further
distinguish
sub-regions.
So far, none have emerged but we have histology for only a few
animals (e.g., Fig. 1). As outlined
in the PROGRESS REPORT and above,
the location
of the various
regions
of the rostral
pons can now be ascertained
by the discharge
of the LLBNs
recorded
there.
also map the OPNs on the midline
and the EBNs located
caudally
of the nrtp and ventrally
to the
dLLBNs
to confirm
our position.
The most distinctive
characteristics
of the nrtp LLBNs
(and nrtp
short lead burst neurons)
are the narrowly
tuned
movement
fields which
encompass
all amplitudes

We

and directions,
including
vertical.
These distinguish
them from the ipsilateral,
small-amplitude
tuned
dLLBNs
that have prolonged
discharge
(Figs. 2-4). At the conclusion
of the experiments,
the
location
of stimulation
sites is confirmed
by marking
lesions
and reconstruction
of track location
in
Nissl stained
sections
(cf. Fig. 1). For the vermis, we intend to identify
saccade-related
neurons
to estimate
the location of our electrode and the side of the vermis from which we are recording.
For the cFN, we will use
discharge characteristics
to assess the location
Both of these will be confirmed
histologically.

outlined

of our recording

since

there is no known

Once we have located the nrtp and one of the cerebellar regions,
above. As stated,
we use biphasic
pulses
to limit stimulus
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Trains

of 1-10 pulses
(usually
beginning
with 3 or 10) are delivered
at 300-750 Hz (usually
300 Hz) to bracket
the range
from threshold
for movement
to a train that mimics
a small burst in a BN. Because some BNs
are known to receive strong inhibitory
input, we will be careful to test for connections
during periods of near
threshold activity.
For cerebellar neurons,
this is not a problem because they are either tonically active (vermis)
or display a low level of spontaneous
activity
(cFN). For the nrtp, we will test during off-direction
saccades to
ensure that any potential
OPN or rostral SC inhibition
is completely
suppressed
(cf., Chimoto et al. 1996).
We
will first look for antidromic
activation
of nrtp neurons from the vermis
by looking for orthodromic
activation
of the cerebellar regions following

and then the cFN and will follow these
nrtp stimulation.
We intend to begin

by looking for antidromic
activation
of nrtp neurons from vermis stimulation
for several reasons.
We do not
want to damage the nrtp by stimulating
there first.
The cFN is more difficult to locate and is smaller and more
susceptible
to damage from stimulation
than the vermis.
The vermis affords the best possibility for revealing
any potential
topography
of the connections
with nrtp since stimulation
there can be confined to sub-regions.
The anatomical
connections
with the vermis are more dense than those to the cFN (Noda et al. 1990).
We do not anticipate
any difficulties
in confirming
distribution
will provide clues as to the role of that input.
suggest that the nrtp merely reports the occurrence
might suggest that there are functional
sub-regions

nrtp projections
to the vermis, and we hope that their
For example, if the projection
is uniform,
it might

of saccades to the vermis, whereas if it is topographic,
in the vermis.
Alternatively,
if antidromic
activation

it
is

ubiquitous
but orthodromic
activation
rare, it might suggest that the input contributes
minimally
to the overall
activity.
We recognize
that lack of specific prediction
is not compelling
but think that such exploration
is the
only method available to assess the "weight"
of the synoptic input.
That weight is essential
in order to confirm
the asymmetry
between nrtp-vermis
and nrtp-cFN
connections
and begin to assess its role.
Following

vermis

connections,

we will turn

to connections

with

the cFN.

Because

of the smaller

area,

the difficulty
in locating the cFN, and the lack of obvious organization,
we expect only to be able to confirm a
connection
and to be able to say if it is different from that with the overlying
vermis.
We also anticipate
more
technical difficulty
than with the vermis connections
because leaving the stimulating
electrode in the cFN (see
above) is not always effective (C. A. Scudder, personal communication).
That may necessitate
locating each
structure
on each day, which will, in turn, leave less time for actually testing connections
and increase the time
necessary
to generate a representative
sample.
We hope to corroborate
the anatomical
evidence for an nrtp-cFN
connection,
reveal any potential feedback connection,
and assess the relative (cf. our vermis results) efficacy of
both.

directly
analysis
Other

We will analyze
the data by compiling
peri-stimulus
histograms
and
on an oscilloscope
during
the experiment
and off-line
if warranted.

monitoring
activity
The program
for this

is complete.
studies

As time permits,

we hope to initiate

substantiate
and detail the potential
electrical
stimulation
of nrtp neurons
inactivate
nrtp.
Electrical
stimulation

pilot experiments

in the final

years

of the support

to further

role(s) of the nrtp-cerebellar
loop.
We will use peri-saccadic
to look for effects on saccades
and muscimol
to partially
will be delivered
according
to the protocols
described
above

but will be applied
through
the recording
electrode
after nrtp neurons
of interest
are located
on a
daily basis.
In particular,
we are hoping
to disrupt
the accuracy
of the saccades
by altering
the
hypothesized
"trimming"
signal that we suggest
is relayed
through
the cerebellum
to the EBNs.
Previous studies of electrical
stimulation
in the pons (Sparks
et al. 1987) and the cFN (Noda
et al. 1991)
showed that such stimulation
evokes
additional
saccade-like
movements
that are not compensated.
In
contrast,
our working hypothesis
would predict minor alterations
in end-point
accuracy andor timing.
We
intend
to test initially
during
tracking
of the normal,
jumping
visual
target
but if effects are small or
not observed,
we will blank the target
during
the reaction
time so that saccades
are made
in the dark.
This control
will eliminate
any obscuring
effect of visual
target information.
We will also attempt
to
evoke
effects using current
parameters
that are subthreshold
for evoking
a saccade,
but that may not
be possible.
Since previous
studies
did not include
this low-current
precaution
(Sparks
et al. 1987;
Noda
et al. 1991), we will at least be able to compare
our results
with those using suprathreshold
current
trains.
We also plan to test the effects of stimulation
during
double-step
saccades
in which
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the target
makes
two steps, the second
one occurring
during
the reaction
time to the first target.
We
are hopeful
that this procedure
will reveal
subtle effects of nrtp activation
associated
with
intrasaccadic
errors.
We are not concerned
with a potential
inability
to evoke
eye movements
using
electrical
compared
to evoke

stimulation
since we have done
the metrics
of those movements
the most saccade-like
movements

so before in preliminary
with normal
saccades
since neither
procedure

tests.
However,
we have not
or adjusted
stimulation
parameters
may be necessary
to reveal the

anticipated
effect on saccades.
We will avoid the problem
of compromised
eye movements
seen in
the first monkey
(see above)
by running
fewer recording
tracks, using a steeper
angle of approach
(30 ° instead
of 20 ° as used on the first monkey),
and closely
monitoring
saccadic
gain for vertical
saccades
that seemed
to have been affected
first in the previous
animal.
These modifications
have
proven
successful
in the second
animal.
Another
potential
problem
is that electrical
damage
the nrtp, thereby
limiting
the number
of experiments
that may be conducted
animal.
We have no way, at this time, of assessing
this potential
limitation
for nrtp
stimulation.
Repeated
electrical
stimulation
in the dLLBN
region has not produced
deficits
(although
tracks
through
the region
have caused
problems).
This is despite
inactivation
inactivation
be overly
output

of the
of the
sensitive

dLLBN
region
using smaller
volumes
is far more devastating
to saccades
nrtp, so we are hopeful
that we can produce effects without
damage.
Should
to electrical
stimulation,
one way to generate
more data will be to track

on its course
We also

discussed

plan

above

stimulation
will
on a given
electrical
marked
saccade
the fact that

through

than is
the nrtp
the nrtp

the brachium.

to continue

our

experiments

(see PRELIMINARY STUDIES),

using

thus

reversible

far we have

inactivation

shown

that

of the nrtp.

ipsilateral

As

saccades

are

consistently
debilitated
and that there is a progressive
contralateral
eye-position
offset.
We plan
controls
of three types.
First, we will introduce
"vehicle
only" controls
where
we inject identical
volumes
of the phosphate
buffer.
Second,
we plan to locate the dLLBNs
in the same animal
and
inactivate
them so that we can try and distinguish
the effects of inactivating
each area.
Third, we will
use other neuroactive
agents
to see if we can further
distinguish
the results
of nrtp inactivation.
In
particular,
we will use d-gamma-glutmyl-glycine
specific
than, muscimol
(A. Gibson,
personal
successful,
there is no reason
that they would
distinguishing
the effects of nrtp inactivation

(DGG), which
spreads
even less than, and is more
communication).
As these experiments
are currently
not be in the future.
The biggest
problem
will be
from effects on nearby
areas.
In this regard,
we will

rely heavily
on our previous
results
that have shown
that OPN inactivation
results
in slow, not
normometric,
saccades.
Since OPNs are located
just caudo-medially,
we conclude
they are not
affected
and do not contribute
to the observed
effects.
The dLLBNs
are more problematic,
so we will
have to map them in the same animal
as used for the nrtp experiments
to try and inactivate
them and
get more "pure"
effects that typify
investigations
of EBN inactivation,
and no detailed
histology
has been

each region.
While there have been a number
of previous
the various
subregions
of the pons have not been distinguished
offered,
so it is impossible
to attribute
a particular
syndrome

EBN dysfunction.
It shouldn't
be difficult
to avoid
caudal
than the most rostral
OPNs and are located
general
located

and the target
area
several
millimeters

as a control

of the EBNs
dorso-lateral

to

because
they are even more
of the bulk of the nrtp in

for our injections
in particular.
In our experience,
caudal
of the dLLBNs
and more than a millimeter

nrtp.
Since our ~100 nL injections
spread
much beyond
the injected
we can specifically
affect the nrtp
neurons.
Finally,

most
quite

they are also
dorso-caudal

largely
to the

are approximately
600 _m in diameter
and muscimol
does not
volume
(Martin
1991; Sandkuhler
et al. 1987), we are optimistic
without
major involvement
of neighboring
saccade-related

for the proposal

that nrtp neurons

comprise

the neural

"Listing"

s operator"

that

(van

Opstal et al. 1996), we want to test a few nrtp neurons
during tertiary saccades.
This proposal suggests that
nrtp neurons act to correct the intrasaccadic
torsional components
of saccades so that they begin and end in
Listing's
plane.
We will measure torsional eye movements
using the requested phase detectors to monitor
torsion during saccades that begin and end away from primary
position.
We think that the previous
evidence
support of this notion is based largely on torsional quick phases and that it is unlikely
that nrtp neurons
perform

such a function.
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in our

first and second
specific
aim will begin to test directly
our hypothesis
that saccades
are largely
ballistic
and that saccade-end
positions
can be controlled
by the output
of the nrtp-cerebellum-brainstem
pathway
during
situations
where
errors due to unforeseen
perturbations
are detected
and signaled.
The experiments
will identify
the signals
carried
by nrtp neurons
and the cerebellar
targets
for those
signals.

We hope

the

inactivation

and

stimulation

will suggest

their

role

in on-line

saccade

control.

nrtp recording
and saccadic
gain adaptation:
Our third aim is to record the activity
of nrtp neurons
during saccade gain adaptation
to see if that discharge
changes in parallel with gain changes.
We first isolate a
putative
nrtp neuron based on its location relative to other known oculomotor
structures
such as the short-lead
BNs and the OPNs.
Our recent mapping
of the rostral pons (see PROCr_SS REPORT; Fig. 1) and current
studies (see Preliminary
Studies; Figs. 7,9) suggest that this should be accurate and straightforward.
Location
will be confirmed
by histological
reconstruction
at the conclusion
of the experiment.
Once isolated, the
movement
field of the nrtp neuron is estimated
as described above (see also Soetedjo et al. 2002a).
This
procedure
results in an estimate of the optimal direction
that is easily within +_10 ° of the true optimal (cf.,
Soetedjo et al. 2002a), so minor inaccuracies
should not affect the overall results because discharge variability
over that small range of directions
cannot account for shifts in discharge
like those shown in Fig. 9. After
obtaining
the optimal direction,
we will collect pre-adaptation
data so that we can plot the discharge
(usually
number of spikes in the burst) as a function
of the amplitude
of the saccade along the optimal direction (Fig. 9,
lower panels).
We will check other metrics as well to control for inadvertent
alterations
of saccade metrics
during adaptation
and to further
investigate
the nature of the changes in the discharge.
In particular,
we will
check to see if the saccades are normo-metric
by comparing
peak velocity/saccade
size and duration/saccade
size
relations.
We will also check each of our sessions for changes in number of spikesdesired
saccade size(initial
eye
position-target
position)
relations to assure that observed changes do not reflect
command.
We will select nrtp neurons that allow us to distinguish
significant
example, if the discharge is relatively
uniform across amplitudes
(i.e., a shallow

a change in the saccadic
changes in discharge.
For
slope of the number of

spikes/saccade
size relation; cf. Fig. 9), the neuron will be rejected. Many nrtp neurons have an amplitude
threshold
regardless of whether they are open or closed field.
These are prime candidates for adaptation
since we
can attempt
to adapt the saccade amplitude
from a size that evokes a brisk burst to a smaller size that is initially
not associated with a burst or evokes only a small burst.
Adaptation

is induced

with

existing

programs

running

on our lab Macintosh

machines.

The program

randomly
steps the target along the optimal direction at a specifiable amplitude.
The random stepping ensures
that the animal cannot take advantage
of any fixed spatial information
to anticipate
the final target position in
order to circumvent
the required change in gain. Hardware
detects the saccade using an adjustable
voltage
threshold,
which in turn triggers an intrasaccadic
step of the target either in the same (gain increase) or
opposite direction
(gain decrease).
We begin with intra-saccadic
steps of-30%
of target amplitude
since larger
steps do not produce faster or more robust adaptation
(A. F. Fuchs, personal communication).
After -250
trials, which results in significant
gain reduction,
the intrasaccadic
step is increased to 50% in order to evoke
further
adaptation.
This procedure allows us to reach asymptotic
levels (Straube
et al. 1997) in a minimum
number of trials. Adaptation
is allowed to proceed as long as the monkey' s tracking remains accurate, the
neuron is well-isolated,
and gain is still changing.
If it appears that behavior is deteriorating,
we are loosing
isolation, or the gain has asymptoted,
we stop and collect post-adaptation
data. Post-adaptation
discharge
is
collected in response to the same set of target steps used for the pre-adaptation
series.
We expect to improve
this
process by the use of the requested
CED system.
It should facilitate
data acquisition
because our colleagues
have already developed scripts that simultaneously
control the behavior, collect the data, cull the trials, and
mark the events.
Currently,
analysis is done off-line and requires digitizing
the data as well. The greatest
advantage

will be the ability

Our preliminary

data

to have a rough

estimate

(Fig. 9) attest

to the fact

of gain on-line

while

that these procedures

we are adapting.
work and are sufficient

to

document
the changes in nrtp discharge associated
with changes in saccade gain. Since initial indications
are
that there are QUALITATIVE changes in nrtp discharge,
we need not be concerned
with small inaccuracies
in
assessing
optimal direction
or slight variations
in nrtp gain over time. This is because, at least for decreases in
saccade

gain,
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in adapting small saccades by requiring gain increases in suitable nrtp
neurons with small movement fields.
Preliminary
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with changes

to gain increases.
in saccade gain.

Thus,

we anticipate

demonstrating

nrtp inactivation
and saccadic gain adaptation:
The fourth specific
reversible
inactivation
on saccadic
gain adaptation.
The question

that nrtp neurons

R. S.

thus

alter their

aim is to test the effects of nrtp
to be addressed
is whether
nrtp

activity
is NECESSARY for saccade gain adaptation
by inactivating
nrtp and blocking some
relayed to the cerebellum
from the nrtp. The testing involves two steps that are variations
procedure.
First, we will test whether nrtp inactivation
blocks the ability to alter saccade
ability to adapt gain has been demonstrated
previously.
Then, to distinguish
whether this

portion of the signals
of the same
gain in animals whose
is the result of merely

interfering
with eye movements
or actually a function
of the nrtp, we will minimally
inactivate
nrtp neurons
with muscimol,
adapt saccade gain, and then isolate the animal in the dark until the muscimol inactivation
wears off to see if gain changes occurred but were masked by the direct effects of the muscimol
on saccades.
To
inactivate
the nrtp, we will introduce
muscimol as we have to assess its direct saccadic effects (see above). For
the first step, we will simply ask the animal to decrease its gain(because
the animals adapt quicker to gain
decreases)
hypometric

using the intra-saccadic
step paradigm
described above. Since nrtp inactivation
usually results
saccades, requiring
a decrease in gain will require back-steps
that are larger than the normal

in

hypometria
to distinguish
its effects.
This adjustment
should be straightforward
as our current program will
allow specifying
the size of the back-step relative to saccade-end
position.
We will be careful to use minimal
doses so as to preserve saccadic function
as long as possible.
We hope to be able to collect sufficient
trials to be
confident
that gain change does, or does not, occur. If the animal becomes unable to work, it may be necessary
to place the animal in darkness
so that the effects of the muscimol
can wear off and any changes can be revealed.
Locating the nrtp, delivering
the muscimol,
and initiating
the gain adaptation
will present no new or unusual
difficulties.
If the animals fail to be able to complete sufficient
trials (at least a few hundred),
we will have to
adjust our procedure
as described below to require gain increases in the face of hypometric
saccades caused by
nrtp inactivation.
Likewise,
if no dose can be found that allows sufficient
trials to affect gain adaptation,
we
will also move

to the second

step.

In the second component
of nrtp muscimol
inactivation,
we will produce hypometric
saccades
doses of muscimol.
We will continue
to require the animal to make saccades.
We are quite confident
this because it is exactly what has happened
in our preliminary
inactivation
experiments
(see above).

with small
we can do
However,

for these experiments,
we will specifically
attempt
to increase saccade gain by optimizing
the conditions for gain
increase as much as possible.
Thus, following
muscimol injections,
we will initially step the target forward
intra-saccadically
while the animal continues
to track the target accurately.
We will also use a fixed-amplitude
ipsilateral
(to the injection)
step size that begins from a random horizontal
location, just as we described above
for gain adaptation.
As the saccades become hypometric,
we will adjust the amplitude
of the forward
target step
to approximate
initial conditions.
Thus, if the animal begins by undershooting
the target by 2°for a 10 ° target
step, for example, when the animal begins to undershoot
by more, we will decrease the initial step so that the
undershoot
remains similar to the initial 2 °. This will maintain
approximately
the target step but gradually
allow an increase in the required gain increase as we have done in the previous
experiments
(see above).
When
the animal is no longer able to track the target, it will befitted
with opaque goggles andor kept in the darkened
booth until the muscimol
wears off and it can again track the target step. Because the animal will lack contrary
experience,
any gain change that has occurred but been masked by eye-movement
when the animal is again able to make saccades (cf. Straube et al. 1997).
One potential
completely
blocked
few hundred
based

deficits

should

be revealed

problem
is to titrate the quantity
of muscimol
so that saccades
are not
but remain
in a state of hypometria
for a sufficient
number
of trials, minimally
on previous
experience
(see above). In our preliminary
studies,
this takes less

a
than

80 nL of 2mg/ml
muscimol.
If we need to make the time course
more gradual,
we will try a lower
concentration
or smaller
volume.
We can accurately
deliver
quantifies
as small as -10 nL (cf.,
Mustari
et al. 1994).
With our recent experience,
we are no longer worried that this will be an impediment
since noticeable
increases in saccade gain can be observed in a few hundred
trials and we have shown that
animals will track long enough after muscimol
injection
to allow this number.
We are also no longer concerned
PHS 398 (Rev.
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animals
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do

readily increase gain on demand.
A second potential problem is that any lack of adaptation
may be due to
effects on the saccade
generator
and not on the nrtp-cerebellar
pathway.
To mitigate
against
this
possibility,
we will obscure
the animal's
vision immediately
after training
using goggles
that block
form but not light.
This technique
has been adapted
to this specific
use by our colleagues
(Robinson
et al. 2002) and is currently
in use in our lab so we have no doubt
about its successful
implementation.
The animals
will be tested
the day after inactivation,
when
any of the effects of
muscimol
have worn off but the training
should
still persist
(cf., Robinson
et al. 2002).
Since the cFN is
much more difficult
to locate than the saccade-related
nrtp and is not as anatomically
isolated from other known
oculomotor
areas, we are optimistic
that nrtp inactivation
will also be successful.
An alternative
procedure
might be to attempt
to inactivate
the axons from
pontis
(Scudder
et al. 1996b) but we would
need
and would
certainly
involve
more development
We are

confident

that

we can affect

nrtp LLBNs as they course
through
the brachium
to identify
their trajectory,
which
might be difficult
than the goggles
used for obscuring
vision.

the nrtp

output

to the

cerebellum

and

muster

evidence

of

its effects on saccade
gain adaptation
if there are any.
If both these experiments
and the nrtp
intrasaccadic
electrical
stimulation
experiments
are successful,
we may, in the last year (5), attempt
substitute
nrtp stimulation
for target
displacement
in order to affect gain adaptation.
Although
readily
implemented,
interpretation
of this experiment
depends
on the success
of all of the studies
outlined
above
and is therefore
a long-shot.

to

It should be pointed out that it is possible that the nrtp merely relays the SC signal and that changes in
nrtp discharge
that accompany
gain changes occur when feedback from the cerebellum
is combined
with SC
input.
If so, nrtp inactivation
might have little effect on saccade adaptation.
In contrast,
the nrtp might relay
an error signal that is derived from the combination
of the SC input and other inputs (e.g., cortical).
If it relays
an error signal, adaptation
might be completely
precluded.
Thus, we think our inactivation
study is appropriate
to begin

to unravel

the various

possibilities

and constrain

the site of plasticity.

Relevance:
The significance
of our studies
is that they begin to provide
a plausible
neural
structure
for an alternative
to the "classic,"
entrenched
hypothesis
that saccade
amplitude
is controlled
by local
feedback.
This widely
accepted
notion
has dominated
our thinking
regarding
saccade
generation
for
nearly
30 years, but is lacking
in the identification
of both the source
for feedback
and the locus for
the neural
comparator
despite
numerous
investigations
from a variety
of laboratories.
Also, our data
will define
the most plausible
route for saccade-duration
feedback
from the brainstem
to the SC that
we have recently demonstrated.
The innovation
in this proposal
is our emerging
scheme
(Fig. 8), which
is a feed-forward,
ballistic
model
with saccade-duration,
end-point
control.
In addition,
our studies
should
begin to distinguish
(clarify)
the role of the nrtp in adaptive
gain control.
Current evidence
suggests
the site of plasticity
must lie between the nrtp input to the middle cerebellum
and its output from the
cFN. Our preliminary
evidence suggests
that the nrtp may reflect gain changes and thus might provide the
error signal necessary
to drive the adaptive process.
Thus, the proposed studies have the potential
to develop
another model of cerebellar-mediated,
motor-plasticity
to compare with the well-established
vor and conditioned
eye-blink
models.
In addition,
these studies may act as a portal into the wider question of cerebellar motor
function.

Timetable:
In the first year we will continue
nrtp neuron
recordings
(aim 1), which
should
be
completed
in year 2 and submitted
for publication
by year 3. We will initiate
experiments
(aim 2) to
try to identify
which
nrtp neurons
project
to which
parts of the cerebellum
in year 2 as animals from
aim 1 become available.
Aim 2 will occupy
the rest of the support
period.
Nrtp inactivation
experiments
will consist
of two parts.
In the first, (aim 4), will be started
in year 3 and completed
by
year 5. Nrtp inactivation
effects on saccades
stimulation
will be initiated
as time permits.

and the on-line
effects of intra-saccadic,
Recording
of nrtp neurons during saccade

3) will occupy thefirst
3 years of support.
In the last year, we also plan to develop
torsional
eye movements
in order to assess their contribution
to nrtp discharge.
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Abbreviations:
BNs

burst

cFN
cMRF

caudal
fastigial
nucleus
central
mesencephalic
reticular
formation
dorsal-rostral
LLBNs

dLLBNs
EBN

neurons

FEF

excitatory
burst neurons
excitatory
LLBNs
frontal eye fields

IBNs

inhibitory

eLLBNs

E.

Human

F.

Vertebrate

LLBNs

long-lead

nph

nucleus
prepositus
reticularis
tegrnenti

nrtp
OPNs
SRBN
SEF
SC

burst neurons
hypoglossi
pontis

omnipause
neurons
saccade-related
burst

neurons

supplementary
eye fields
superior
colliculus
vestibulo-ocular
reflex

vor

burst neurons

Subjects

NONE

Animals

(1)
The protocol
we will use in these experiments
is reviewed
annually
by the University
of
Washington
Institutional
Animal
Care and Use Committee
and was recently
approved
(No. 2062-01)
for the current
period,
12/20/2001
to 12/21/2003.
We will use 3 to 7 (including
those carried
over
from previous
years) juvenile
(about
3.0 kg) male Macaca mulatta per year in these studies.
Due to
scarcity,
we cannot
pre-select
animals
as we have in the past so animal
use is not as efficient.
After
the animals
are adapted
to the laboratory
environment
(2-3 days), the implantation
surgery
(see
Research
Design
and Methods
above
and F. (3) below)
is performed
and they are allowed
to recover
(usually
about
a week).
Training
begins
with 6-18 hours of fasting
and the animals
readily
learn to
track the visual
target with their eyes in a variety
of situations
for supplemented
Gerber's
applesauce
reward.
During
the week, food intake
is restricted
initially
to what
the animals
"earn" and
supplemental
(up to half their normal
intake)
biscuits
of monkey
chow per day; on the weekends
they are free fed. Water is available
continuously
in the home cage. Within
a few days, the animals
learn the task and eventually
"earn" about
twice their minimal
nutritive
requirements
so that their
diet can be supplemented
with monkey
chow and fruit without
a decrement
in performance.
Under
our conditions
most animals
grow and gain weight
normally,
although
some recently
acquired
animals
have been sickly for unknown
reasons.
Once they are able to work steadily
at the required
task for 3 hours per session,
electrode
penetrations
begin.
week, 2 to 3 hours
per session,
and undergo
no more than
This protocol
minimizes
adverse
tissue
experiments
are concluded,
the animals
confirmed
histologically.
(2)

Monkeys

are used

in these

and behavioral
are sacrificed

experiments

The
two

animals
electrode

typically
work 5 days per
penetrations
per session.

sequelae
to the recording
tracks.
so that the sites of the recordings

because

they

are

the only

animals

that

When
can be

the

can learn

the

sophisticated
behavioral
tasks necessary
to dissociate
the complex
discharge
patterns
of the neurons
that we propose
to investigate
in the saccadic
studies.
In addition,
the oculomotor
system
of
monkeys
closely
resembles
that of man (e.g., the distinct
OPN nucleus;
BLittner-Ennever
et al. 1988)
while
that of lower
mammals
shows
major differences,
such as the absence
of a smooth-pursuit
system.
We use rhesus
macaques
and better
than either
longtailed

because,
or pigtailed

in our hands,
macaques,

they are
especially

more tractable
and will work longer
the smaller-sized
animals
that we

require
for vestibular
testing.
Unfortunately,
they have become
progressively
obtain.
The numbers
of animals
we use are the minimum
necessary
to ensure
valid conclusions.
In recent
years those numbers
have increased
slightly
due
quality

caused

by the

NIH-mandated

shortage

in favor

of AIDS-related

more difficult
to
reliable,
scientifically
to the poor animal

research.

(3)
Monkeys
are cared for by us and the veterinary
staff of the Washington
Regional
Primate
Research
Center,
where
the work
is being performed
and where
the animals
are housed.
All
conditions
meet or surpass
standards
stated
in the Guide
for the Care and Use of Laboratory
Animals
(DHEW
Publication
NIH78-23,
1978), ILAR recommendations,
and AAALAC
accreditation
standards
PHS 398 (Rev. 4/98)
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for this species.
We inspect
the animals
at least once, and usually
many times,
technicians
in charge
of the room.
In addition,
morning
rounds
are conducted
several
veterinary
the several
h_l-time
have

many

(4)
located

years

Animals
adjacent

technicians
or backup

and others.
veterinarians

of experience

treating

are housed
in individual
to the laboratory
space.

When
and

cages
Cage

has shown
that none of our normal
of stress, pain or discomfort
that are

required

to change

cage.

R. S.

daily, as do the animal
by at least one of

treatment
is necessary,
care is prescribed
by one of
administered
by the veterinary
technicians,
who

monkeys.

Experience
indicants

to a new

Chris

Although

in a 75 °, controlled-air,
pans are washed
daily
procedures
easily seen
the

animals

controlled-humidity
and steam-cleaned

room
weekly.

causes
either
behavioral
or physiological
when,
for example,
the animals
are
are initially

food-deprived

so that

they

will

perform
eye-movement
tasks for food reward,
this practice
never involves
discomfort,
distress,
pain,
or injury and lasts no longer
than a few days.
To maintain
a healthy
diet, the Gerber's
applesauce
reward
is fortified
with protein
powder
and Stat, a veterinary
concentrated
amino
acid, vitamin,
and
caloric
supplement.
Sessions
are limited
to the time the animal
will work for the reward
and are thus
limited
to the period
over which
the animal
is alert, cooperative,
and comfortable.
During
the
training
and recording
sessions
the animals'
heads
are held by a stabilization
system
that was affixed
to the skull during
surgery.
This procedure
is innocuous
and the animals
willingly
climb into their
chairs
and orient
their heads
for stabilization
before
daily sessions.
There is no discomfort
and
distress,
and certainly
no pain or injury, involved
in these experiments.
Occasionally,
scar tissue
develops
percentage
recording

under
the recording
chamber
over the course
of many penetrations
so that, in a small
of the animals
(none of the last 10), it becomes
sensitive
to the introduction
of the
cannula
and electrode
apparatus
(the underlying
brain
is completely
insensitive
to this

procedure).
In those cases a topical
anesthetic
is applied
to numb
the scar tissue before the recording
apparatus
is introduced.
Signs of damage
due to the penetration
itself are closely
monitored
in the
eye-movement
records
and in the animal's
behavior
(e.g., vocalizations
or lack of performance).
In
those cases, the animals
are returned
to their home cages and treated
as necessary.

full-time
atropine,
records

All surgeries
are carried
out in a fully equipped
aseptic
surgical
suite under
surgical
veterinary
technician.
Animals
are premedicated
with ketamine,
prepared
for surgery,
and for precautionary

and intubated;
and comparative

blood samples
are drawn
purposes.
All implants

the direction
of a
rompum
and

as part of the animals'
are mounted
in surgery

with

dental
acrylic
and anchored
with self-tapping,
titanium
screws
so that head stabilization
during
the
recording
sessions
is completely
painless.
The chamber
is sealed
with a transparent
silastic plug to
prevent
infection
and allow daily observation
of the condition
of the dura.
All apparatuses
introduced
into the brain are sterilized
beforehand
to prevent
infection.
If an animal
has a poor tissue
reaction
to the implants
and/or
the recording
gear it is treated
to prevent
infection
or discomfort.
Surgeries
are performed
with the animal
heated,
padded
cage in a special
recovery
postoperative
dose of the anti-inflammatory,
an equivalent,

to minimize

(5)
The animals
recommendations
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