
REPORT DOeUMWWOfON PAGE Blp Elr
'-E"'* SECURITY CLASSIFICA;:OU 10 R.q~ ,,'ESTRICTIVE MARKINGS, W
UNCASSTIE I DI24 SCRIY LSSFIAIO ATM LE T 3, DISTRIBUTION IAVALAILITY OF REPORT

ELECTE 2Approved for public release; distributiou
Sb. W12STIN 41990 unlimited.

* PERFORMING ORGANIZATION $ UM@(A S. MONITORING ORGANIZATION REPORT NUMBER(S)

MOO- n 6'
6%, NAME OF PERFORMING ORGANIZATION 1b. OFFICE SYMBOL 7a. NAME OF MONITORING ORGANIZATIONSouthern Illinois University (iOt .ppkbh)Sc(~.4 h liinerAir Force Office of Scientific Research/NL

NSchool of M'edicine
k. ADOfIESS (Ciy, St, &d ZIP Cde) 7b, AOORESS (City, S6, and ZIP Code)
8O1:t-Ruledge Building 410
PO Box 3926 Boiling AFB, DC 20332-6448
Springfield. 11 62708 _ollng A__ , DC 20332-6448

(gB. NAME OF FUNDING/SPONSORING 8b. OFFKIE SYMBOL 9. PROCUREMENT INSTRUMENT IOENTIFCATIN NUMBERORGANIZATIONO a b)
AFOSR AFSR8-05

Sc. ADDRESS (City, State, and ZIP Code) 10, SOURCE OF FUNDING NUMBERS

PROGRAM PROJECT i TASK |WORK UNIT
Building 410 tLEMENT NO. NO. NO. IACCESSION NO.
Bolling AFB, DC 20332-6448 61102F 2312 ,,A3 '

11, TITLE (Include Scu rtY CIafkatlon)

Acute Effect,: of Anticholinesterase Agents on Pupillary Function

12. PERSONAL AUTHOR(S)
Ezio Giacobini

13aTYPEOF REPORT 13b, TIME ORSD 114, g)ATE OF REPORT (Year, Month, DWI 5, PAGE COUNT
Finn I FROM, 1/ 1 57 83, TO 7/14/8q 19S6 September 16P 7

16. SUPPLEMENTARY NOTATION

5 reprints (see attached for detailed citations)

17. COSATI CODES 8I, SUIJECTTERMS (ContnWbdn' r*rme if twneary and klrtntfy by bkck-number)
FIELD I GROUP j SUB.GROUP . ,

antichloinesterases; pupillary function; visiont DFP
19. ABSTRACT (Conftneto revers it nrenary wnd identi by block number)

'Three main directions of our research has been pursued. .rst.-e-have-accu ulraednew
pharmaclogical evidencejfor a mechanism of ACh re] ase related tq a muscarinic auto-
receptor present in the tat iris. Secondly,-we-have-con-Lnued-.o ,"tudy of drug effect on
release of AC1, adding new groups of drugs. Finally, a-have-stu i-ed the effect of ag-in J
on pupillary unction and ACh metabolis. These three lines of worl T have each produced "
nol.el andntriguing results which are summarized in the enclosed section. The results
desqib-e-d in this report have been communicated at several notional and internationsi
meetings. T1,e abstracts of the communication are attached to the final report. I,.

.II

20. DISTRIBUTIONI/AVAILABILITY OF ABSTRACT 121. ABSTRACT SECURITY CLASSIFICATION
10UNCLASSIFIED/UNLIMITED El SAME AS RPT- OPTIC USERS IUNCLASSIFIED

22a. NAME OF RESPONSIBLE INDIVIDUAL 122b. TELEPHONE (Inlude Are. Code) 22Zc. OFFI(E SYMBOL
Dr. William Berry t '0)7752

DO FORM 1473,.84 MA APR edfon may be used untd exhausd. SECURITY CLASSIFIATION OF THIS PAGE
All other adlibm are otwe. UNCLASSIFIED



DISCLAIMEI NOTICE

THIS DOCUMENT IS BEST

QUALITY AVAILABLE. THE COPY
FURNISHED TO DTIC CONTAINED

A SIGNIFICANT NUMBER OF

PAGES WHICH DO NOT

REPRODUCE LEGIBLY.



CITATION OF PUBLISHED WORKS RECOGNIZING AFOSR

Mattio, T.G., J.S. Richardson and E. Giacobini, Effects of DFP on iridic metabolism and
release of acetylchbline and on pupillary function in the rat. Neuropharmacology,
23(10):1207-1214, 1984.

Mattio, T.G., J.S. Richardson and E. Giacobini, Acute effects of cholinesterase
inhibitors on uptake of choline in the rat iris. Neuropharmacology, 24(4):325-328,
1985.

Richardson, J.S., T.G. Mattio and E. Giacobini, Amitriptyline and imipramine inhibit
the release of acetylcholine from parasympathetic nerve terminals in the rat iris.
Canadian J. Physiol. Pharmacol., 62:857-859, 1984.

Giacobini, E., I. Mussini and T. Mattio, Aging of cholinergic synapses in the avian
iris. In: Developmental Neuroscience: Physiological, Pharmacological and Clinical
Aspects (F. Caciagli, E. Giacobini and R. Paoletti, eds.), Elsevier, New York, pp.
89-93, 1984.

Giacobini, E., T. Mattio and I. Mussini, Aging of cholinergic synapses in the avian
iris. I. Biochemical studies. Neurobiology of Aging, 1986 (submitted).

ABSTRACTS - presented at 23 meetings (copies attached)

"AIX' fr ~bl r las

*, .. 1 -A

il



Dr. Ezio Giacobini
AFOSR Final Technical Report

ABSTRACTS

NTIS C M&IDTIC TAB 0]
Unannoliced 0
Justlecato, .
By _ ._

Distributlon/

Availability Codes

Avail andlor
Dist Smnecial

/H- 4



WINTER CONFERENCE ON BR4IN RESEARCH
PROPOALMRMOGRWinter Conference on Brain Research
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Read instructionis carfUly before comnpleting this form. 00 14:)T FOLD ABSTRACT.

Tide,. AGING OF CHOLINERGIC SYNAPSES IN THE AVIAN IRIS

Format: PtxneL....... Workshop- -..~ Specialized Pancel.......... Poster X

SUPPLEMENTARY INFORMATION

NVCBR Abstract for Programi BookicE
tAGANIZER & eligible?
INSTITU1 ON AGIN~G OF CH0LINERGIC SYNAPSES IN THE AVIAN IRIS.
Nam E. Giacobini yes- Organizer: E. Giacoini

So. 111. Univ. Sch. Med. Participants: T. Mattia and 1. Mussini
P-. -.- ex--e-26A hypothesis of aging of the cholinergic synapse has been

Springfield. IL 62708 proposed (Giacobini, Adv. Cell. Neurobiol., 3:173, 1983)
PA R I I RNTSwhich contemolates age-related changes in carrier-mediated

mechanisms of uptake and release of the neurotransmitter and
"rITvio.NS its precursor (choline) leading to "chemical denervation".

T. MttipMorphoietric analysis of neuromuscular junctions in theNameT. Mttiochicken iris showed a significant reduction uf the axonalSo. Illinois Univ. Sch. Med. Junctional membrane at five years. A 50% decrease in the
P.3 Bu 396volume of vesicles per uniit volume of the synapse was evi-

,.....pringfield.- IL 62708 dent at three years. iA addItion, the 3-year 3tissue
'I.Musinireleased significantly less -3H-acetylcholine HAh

C.S Bil soa. Mussin than the 4-month tissue as determined by the area underAthe
C.S.Bio. Fsio a usc releatse curve. Also, the 3-year tissue showed a lower peak

!St. pat og ent i release of 3H.ACh than the 4-month iris. The time needed
Univ. di.Padova for the 3-year tissue to reach its peak release was signifi-
35100 Padova ITALY cantly longer than at 4-month and its rate of release was

\'am -- i ~nficatly slower. These neurochemical results correlate
we 1 with temorphological data which demonstrates that two
important features for neurotransmitter release (vesicular

___________________________vol me and synaptic length) were decreased in the 3-year (or
5-year) old tissue. these results support the hypothesis

(WORKSHOP ONLI) that age-dependent decline in cholinergic transmission is
frelated to modifications of presynaptic mechanisms of

release and uptake of the neurotransmitter and its pre-
__________________________cursor. [Supporte d by AFOSR Grants 81-9229 and 83-0051,

Nowatski Eye Res. Fdn., E.F. Pearson Fdn. and Natl. Res.
_______________________ Council of Italy).
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Pro%'Wc f~u n~mc tno) init~Iil. WJicss PHARMACO3LOGY OF IJSCARINIC RECEPTORS CONTROLLING ACH RELEASE IN THE
and phone numkrs ofirit 4hsoIon RAT IRIS. T. Hattioo. E. Giacobini and V. Hobank. Departmen~t of
Albsti~swr. )aw noo prsn ol on Pharmacology, Southern Illinois UniversiltySchool of Medicine,
(*b31041471. Springfield, IL 62708 USA
Thomas Mattio, Ph.D. The release of acetylcholine (ACh), both in central and periph-
Dot. Pharacology eral nerve tissues, seems to be modulated by a presynaptic muscar-
STUShooF f Medicine inic receptor. in the albino rat iris, which contains a dense
Springtield, ML 15410J5WT cholinergic plexus, we have demonstrated the presence of a muscar-

offie. il .22875--- inic autoreceptor. The electrically stimulated release of ACh (50
_______________ Iz, 20 mA, 5 'ns biphasic square wave) was increased in the presence

of muscarinic antagonists. Plrenz~.pne increased ACh rele se in a
lIrerivltatlon I'rertfre dose dr9endent manner from 10-J M (by 900.) to 101M (by

-27,1). 'copolamine also showed a. dose-dependent increase in A'Ch
Chckon: Moser- Slide release. At 10-4 M and 10-3 M scopolamine increased ACh

C release by 88w and 411, respectively. Atropine increased ACh
IUckn toriw r~cec f release from 10- 3 (by 7O0 01) to 10-7 4 (by 55%). axo-

abo CIL 11 nola()Rf1lDo IIISC tre~orine decreased the stimulated release of ACh at 1603 K and
WILL E IIOORM,10- H. Both pirenzepine and atropine antagonized this effect.

IlubishonI 2-Ainopyridine, 3-aminopyridine and 3,4-diarninopyridine were

C without effect on ACh release, hqwever, 4-aminopyridine increosed
ACh release by 55'. at 10-- M. Hemicholinium (10-3 1)

nicnirs and'roitpk increase-i the stinulated overflow of ACh in the iris. These
'Sq lis% t theme indtorw results demnonstrate tne effects of ipuscarinic antagonists and

Sagonist on the release of ACh. This release is controllea by a
aprri o r,1rmn idrr presynaptic rmuscarinic receptor which wnen stimulated decreases "%Ch

;a%1tn~'rr~~rrelease and when blocked increase ACh release. In the iris the
itabe V.'_ aminopyridines are not as effective as has been found at neuromnus-

tI[themeIt:2ctbC"~ cular junctions. Hetricholinixii whicn prevents the reuptake of
branes .. Lvtr~ choline after ACh hydrolysis shows a marked increase in ACh over-

Acetvl cnolise flow after electrical stimulation. This overflow is most probaby
topic numbtr: 1 5 due to the effect on uptake and not to an effect on the muscarinic

!nd thrmetiitExcitable V'em- autoreceptor. The rat iris offers several advantages in studies of
branes ... theme Ietter... actions of drugs on muscarinic receptors and ACh release.

:n bpe ittCharacterization (Supported by grant AFOSR-83-0051 to E.G.)
ofc-ol .... toicnumlwr E
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Satellite meeting of Intl. Soc. Neuro-
- chem., Iraklion, Crete, Greece

5/26-29/85

THE ISOLATEO IRIS AS A :IODEL OF AG13G. Glacabini. E., Dept. Pharmacalog;¥
Southern Illinois Uni'ersity School of Medicine, Springfield, IL 62708 USA

The iris contains a dense plexus of cnalinergic nerve terninals in aaci-
tion to noradrenergic and peptidergic endings. These cholinergic nerve
teriinals are located at a distance fron their cell bodies in the ciliary
ganglion. As cell bodies in the ciliary ganglion are all cholinergics, from
the point of view of innervation the iris is a much more homogeneous and
readily accessible tissue than the C3S and offers several advantages in
pharmacological studies of drug act% n on selective populations of terminals.
The avian iris muscle which is a striated muscle has provided an experimental
model for tne study of various aspects of development and differentiation
(Giacobini, E., IN: Developmental Neurobiology of the Autonomic Nervous
System, ed. by P.M. Gootman, Humana Press, Inc., 1985), denervation (Mussini,
I. et al., Neuroscience, 12(1):53-65, 1984) ano aging (Giacooini, E., Adv.
Cell. Neurobiol., 3:173-214, 1982). Similarly, the Isolated iris of the rat
has been extensively utilized to cnaracterize mechanisms of synthesis and
release of aretylcnollne (ACh) as well as to define the action of drugs on
these systems (Matzio, T. et al., Neuropharmacology, 23(l):1207-1214, 1984).
Mecnanisms of choline (Ch) uptake, ACh release, as well as ACh synthesis and
turnover can a)l be studied in the same isolated iris and at the same time
norpiometric measurements can be perforied on the same preparation at various
ages. Hign affinity Ch uptake ano ACh release are both affected at early
stages of aging in the avan iris. These functional defects can be correl-
ated to a decrease in vlwsicular volumes and junctional appositional areas in
tne same synapse (Gia-obini, E. et al., IN: Developmental Neuroscience;
Pnysiological, Pharmacological and Clinical Aspects, ed. by F. Caciagli et
al., 1984). (Suoorted by grants from Air Force Office of Scientific Res.;
?owatski Eye Research Fund, and S.I.U. Central Research Fund.)
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ABSTRACT REPRODUCTION FORM
Return the two top copies to Area Travhl Agency,

%,,~. ' P.O. Box 227, SF00131 Helsin* 13, FInand

1
TITLE RISE AND FALL OF THE CHOLINERGIC SYNAPSE

AUTHORS GIACOBINI, E., MUSSINI, I.* and MATTIO, T.

ADODHESS Dept. Pharmacol., Southern Illinois Univ. Sch. Hed., Springfield, IL 62708

3 USA and * C.S. Biol. Flsiopat. Musc., Ist. Patologia Generale, Universita di

Padova, 35100 Padova, Italy.

Based on the results of our studies on the ciliary ganglion iris preparation,
*1a hypothesis of aging of the cholinergic synapse has been proposed

(Giacobini, E., Ady. Cell. Neuroblol., 3:173, 1983). This hypothesis
tcontemplates age-related changes in carrier-mediated mechanisms of uptake and

release of the neurotrarismitter and its precursor (choline) leading to
"chemical denervation". Morphometric analysis of neuromuscular junctions in

the iris showed a significant reduction of the axonal junctional membrane at

* five years. A 500 decrease in the volume of vesicles per unit volne of the

synapse was evident at three years. Experiments were designed to determine

the ability of the 3-year iris to undergo dtpletion-reloading-release of
3H-acetylcholine (3H-Ach). The 3-year tissue released significantly less
3H-ACh than the 4-month tissue as determined by the area under the release

curve (peak area). Also, the 3-year tissue showed a lower peak release of
3H-ACh than the 4-month iris. The time needed for the 3-year tissue to

reach its peak release was significantly longer than at 4-month and its rate

of release was significantly slower. These neurochemical results correlate

well with the morphological data which demonstrates that two important

features for neurotransmitter release (vesicular volume and synaptic length)

were decreased in the 3-year (or 5-year) old tissue. These results support

the hypothesis that age-dependant decline in cholinergic transmission is

related to modifications of presynaptic mechanisms of release and uptake of

the neurotransmitter and its precursor. [Supported by AFOSR Grants 81-9229

and 83-0051, by grants from the Nowatski Eye Res. Fdn., E.F. Pearson Fdn.

and Natl. Res. Council of Italy to the Unit for Muscle Biology

(I. Mussini)].
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SYMPOSIUM ON SYNAPTIC DEVELOPMENT
Varna (Bulgaria) 7-12/10, 1984

THE NEUROMUSCULAR JUNCTION IN THE AVIAN IRIS: At? EXPERIMENTAL MODEL FOR STUDIES

ON PERIPHERAL SYNAPSE PLA;TICITY.

Isabella Mussini, Ezio Giacobini* and Thomas Hattio
National Research Council Unit for Muscle Biology ano Physiopathol istitute
of General Pathology,University of Padova,ltaly and 0Department ot ,-narmacology
Southern Illinois University, School of Medicine, Springfield, 111.62708. USA.

The iris iuscle fibers of the chick are innervated by nerve efidings of " en

• grappe" type which are located in shallow depressions of the myofibers lacking

secondary synaptic foldings. Early after hatching (a.h.) the nerve terminal

arborization is formed by a few boutons grouped together or variably oblique

across the muscle fiber. Starting two weeks the arrangement cf the boutzns

becomes prevalently longitudinal. Their number increases continuously reacninc

a :.;ean value of 15ineurczuscular Jurction (N.MJ, at 4 nonths. A parallel Increase

occurs in the length of the synaptic area: in young aoults (4 nontns) the cif-

fuse en grappe type .M o) extencs over a distance of -more than 60 sin on the

muscle surface. Though a "r ature" jitrastructural appearance is achieved since

2 weeks a.h.. 'norphoretric analyses reveal that evolutive changes are still oc-

curring in the nerve endings. The axonal Junctional memorane reacnes a steacay

length I ont0 a.h., while the synaptic vesicles volume increases up to 4 months.

According to ctances in neurocne-ical -arameters (Giacobini, Z.,Adv.Cell..,euro-

* biol.3:173,1983), this period of continuous growth is followed by a period of

synaptic regression. In old irises the N;J shows a significant aecrease in the

boutons number as well as in the axonal junctional memorane and in the synaptic

vesicles volume. This is alreaoy reduceo by more than 504 at 3 years. The mor-

phological results suggest a plasticity of the synapse in the avian iris. Its

continuous remodelling from natcning to senescence is prooably related to the

increasing complexity of the ryofioer architecture, at first. ana then, to the

progressive decline cf the cnolinercic mechanisms. (Supported oy funas frcm

iiatL.Res.Zouncil of taly tc zne Vnit for M4uscle Biol.'hysiopatol. ana by F0SR

Grants 81-9229 and 83-0051. by grants from the Rowatszi Eye Pes.Fdn. and E.F.

Pearson Fdn. to E.Giacobini).
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F ne AuhorAGING OF CHOLINERGIC SYNAPSES IN THE AVIAN IRIS. "E:
pm" 4l1ln toinitias). adrss. Giacobini, T. Mattlo* and E. Mussini', Dept. Phaniiacol'.,

3.-%l nc nimbrs. Yuuimay prrsnt -Southern Illinois Univ. Scli. Med., Springfield, IL 62708 USA
onl tie vilOvirrImpr.and C.S. Binl. Fislopat. Musc., 1st. Patologia Generale,

Ezio glicobini - Universita di Padova, 35100 Padova, Italy.
SIU School of Medicine Based on the results of our studies on the cili-ary
P.0, Box 3926 ganglion iris preparation, a hypothesis of aging of the

Sprigfied, I 6278 - cholinergic synapse has been prcposed (Giacobini, E., Adv.
prongfe: O d R 71 7818 - Cell. Neurobiol., 3:173, 1983). This hypothesis contem-
Phfc OfIcc: 17' 75185fil plates age-related changes in carrier-mediated mechanisms of

___________________ uptake and release of the neurotransmitter and its precursor
(choline) leading to "chemical denervation". Morphometric
analysis of neuromuscular Junctions in the iris showed a

; Check Ptc(crCncA:XL-poiler significant reduction of the axona" junctional membrane at
% slidefive years. A 50% decrease in the volume of vesicles per

Check one to inJicat prc(tcntic if unit volume of the synapse was evident at three years.
iocchowe is not ~T kTIlS Experiments were designed to determine the ability of the

CHOICE lILL Or; HOSORHAD 3-year isto Vndergo depletion-reloadi ng-ral ease of
_L-L\c4p% lt~rial ~ 3H-acetylcholine ( H-Ach). The 3-year tissue released

-Pu~,th onl significantly less 3H-ACh than the 4-month tissue as
.Wttt~r'a.determined by the area under the release curve (peak area).

Also, the 3-year tissue showeo a lower peak release of
Themc annd T4i 311-ACh than the 4-month iris. The time needed for the
See lt~t of thttmcs an tois 3-year tissue to reach its peak release was significantly
tndwillv onetmciJ topic longer than at 4-month and its rate of release was signifi-
.ppropmac for progiing and pub. cantly slower. These neurochemical results correlate well
lthn our p~pr. with the morphological data which demonstrates that two

wr -ren.c ttleimportant features for neurotransmitter release (vesicular
rhMectkl dTcntt~ volume and synaptic length) were decreased in the 3-year (or

UqveloD-,ent of PlAstsity. 5-year) old tissue. These results support the hypothesis
Toi ubr A oi il that age-dependent decl ine in cholinergic transmission is
Agiing related to modifications of presynaptic itechanisnis of

release and uptake of the neurotransmitter and its
Speia Reueu rr rojcton ndprecursor. (Supported by AFOSR Grants 81-9229 and 83-0051,

Sby grants from the Nowatski Eye Res. Fdn., E.F. Pearson Fdn.
~UetI~nrcittt~fl~Iand Nat] . Res Council of Italy to the Unit for Muscle

Biology (I. Mussini)J.
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7th Annual Midwest Neurooiology Meeting
St. Louis, MO April 6-8, 1984

GIACOBIII, E., MUSSINI, 1. and XATTIO, T.
"Aging of Cholinergic Synaoses in the Avian Iris"
Department of Pharmacolo4y, Southern Illinois University School of ,Medicine,
Springfield, Illinois 62700

We have made use of the ciliary ganglion-Iris preoaration of the aging
(1.5-9 yrs) chicken as a moael of senescent perloheral cnolinerVic synaoses.
Neuromuscular junctions In the iris of aging chickens show early (1.5 yrs)
morphological signs of dane suci as, reauczion ana poly.-noronism of
syn~otic vesicles ana increase ;f -eurofilamentI ana -i:acnonoria. Accumu-
lations of cytoolasmic irganeles ;vna '.ysosomes are seen in the axool3sm of
the nerve fiber. At later staes 5-9 yrsi, the nerve enaing is envelooea
by Schwann cells infiltrating .na l fllina the synaotic cleft.' Quantitative
morpnoetric changes in the rat-o aescribing the relationsnia between
voluies of terminals and voiues of synaptic vesicles sno'w a oroaressive
decrease in the volume occuoiec ,Iy sy!taotic vesicles. The ability of the
holinergic synaoses to taZe UO OH-cnoiIne and release the formed

-'H-cetylcnoline (ACh) in response to hion K%-aeoolarization is imoaired
at 5 yrs resulting in a sianificant deDietion of the -H-ACh releasanle
pool. These exaeriments seem to aoint out for the first time a selective
functional defect in the choiineraic synaose during aging. (Suoported by
AFOSR Grant NL-144 and by !Nowa:s~i Eye Research Fund to E.G.)
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Society for Neurochemistry
Portland, OR 3/11-16/84

A SPECIFIC FUNCTIONAL DEFECT OF PERIPHERAL CHOLINERGIC SYNAPSES DURING
AGING

Mussini, I.*, Mattio, T.G.*, Giacobint, E. and Richardson, J.S.
Dept. Pharmacol., So. Ill. Univ. kCh. Med., Springfield, IL 62708 USA

Neuromuscular junctions in the iris of aging (2-4 yrs) chicken show
polymorphic signs of degeneration such as reduction and polymorphism of
synaptic vesicles, ncrease of neurofilaments and mitochondria. Accumula-
tions of cytoplasmic organelles and lysosomes are seen in the axoplasm of
the nerve fiber. At later stages (5- yrs) the nerve ending is enveloped
by Schwann cells infiltrating and partially filling the synaptic cleft.
Quantitative changes in the ratio describing the relation V)v/Vv s
between volumes of terminals (Vvv-synaptic bouton volune fraction) and
volumes of synaoptic vesicles (Vvv - synaptic vesicles volume fraction)
show a decrease from .4 to .2 between 4 month and 9 years. This indicates
a progressive decrease in the volume occupied by synaotic vesicles and a
possible functional deficit. We examined the ability of cholinergic
synapses in the iris at varioqs ages to take up the precursor JH-choline
(Ch) and release the formed JH-acetylcholine (ACh, in resoonse to high
K (115 mM) depolarization. Ve have observed that following release of
ACh, exocytosis clearly prevails on endocytosis and a nearly total deole-

(. tion of vesicles is present. Under acute conditions of stiulated release,
aging terminals are still caoaole of an adequate depletion of ACh. How-
ever, under more strenuous conditions of multiple kinds of loasing-reloaa-
ing and release both Ch and phosohorylcholine are sicnficantly deoletea.
These experiments point out for the first time a specifi-, functional defect
in the cholinergic synaose during aging.
(Supported by AFOSR Grants 81-9229; 83-0051, Nowatsky Eye Research Founda-
tion and E.F. Pearson Foundation to E.G.)

A SPECIFIC FUNCTIONAL CEFEC7 OF PERIPHIEPAL CHOLINERGIC SYNAPSES CU,,IG AGING

. Giacobini, Ezio

So. Ill. Univ. Sch. Med., P.O. Box 3926, Springfield, IL 62708

217/785-2185
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Dynamics of Cholinergic Function Symp.
-Oglebay, W.Va. Oct. 30 thru Nov. 4, 1983-

AGING OF CHOLINERGIC SYNAPSES: FICTION OR REALITY? Ezio Giacobini, Southern
Illinois University School of Medicine, P.O. Box 3926, Spring ield, Illinois
62708 USA

Combined neuropathological and biochemical evidence suggests that a primary
degeneration of cholinergic axons projecting to the cortex, and a secondary
reduction in number of cholinergic neurons may occur in specific subcortical
nuclei (basal forebrain), during pathological aging in humans. The factors
inducing such a selective loss in cholinergic function are not known. Quantita-
tive analysis of neuronal population density and biochemistry show that neurons
and synapscs other than cholinergic may also be affected by the same aging
process. Variable data have been reported with regard to the relationship
between neuronal losses and cholinergic changes and to the magnitude of the
reductions. In order to firmly establish a cholinergic hypothesis of senile
dementia, we will first discuss relevant questions such as:

1. Are biochemical changes selectively localized to certain brain nuclei or
are they distributed to all cholinergic synapses in the CNS?

2. Are changes related to the normal cereoral aging process, i.e. are they
recnanisms of enzymatic adaptation or are they specific for senile
dementia? How imoortant is the age range of the controls? How important
is the severity of the aisease?

3. 'Ohich is the primary target for tne chemical damage and the neuronal degen-
eration? Does the aging process involve both pre- and oostsynaotic struc-
tures? Does the process involve cholinergic terminals firstly and
perigarya secondly?

4. Are cholinergic neurons in the PNS and CNS equally affected?

5. Is there a relationship between the reduction in cholinergic cortical
innervation and the pathogenesis of plaoues?

In the second Dart of our presentation, a model of peripheral cholinergic
aging, ne iris, wit be introduced. This moael allows us to study major
cholinergic parameters together with pupillary function. In humans, ouoillary
size constitutes a predictable marker of age-related puoillary function and
senile miosis seems to contribute a reliable sign of aging of the cholinergic
innervation of the eye. Observations will be presented which support the view
that terminals of cholinergic neurons, paricularly in the PNS, represents more
vulnerable targets of aging process than cell bodies. Recent attempts to
characterize the cholinergic damage to synaptic membrane function will be
discussed.

Supported in part by AFOSR grant q83-0051 and Nowatski Eye Fund.



Dynamics of Cholinergic Function Syrp.
-Oct. 30 thru Nov. 4, 1983
Oglebay, W.Va.

EFFECTS OF DFP ON ACETYLCHOLINE METABOLISM AND RELEASE AND PUPILLARY FUNCTION IN
THE RAT. T.G. Mattlo. J.S. Richardson and E. Giacobini, Southern Illinois
University School of leoicine, P.O. Box 3926, Springfield, Illinois 62708 USA

The effects of acute topical administration of diisoorooylphosohorufluori-
date (OFP) on cholinergic biochemistry and ACh release were determined and
correlated to puoillary function In the rat. OFP (5 ug) reduced acetylcholin-
esterase (ACHE) activity to 36, at min and to 8% after S min and remained
decreased for up to 6 hrs. Pupillary area was normal at 1 min and by 3.5 to 4
min complete miosis occurred and no light reflex could be elicited for up to .
hrs. Acetylcholine (ACh) levels were increased 34% at 1 min and by S min showed
a 54% increase. This increase remained stable for 120 min after which it
decreased to 283,, at 6 hrs. Choline levels were decreased 22% at 5 min but
recovered by 15 min and remained at control levels through all time points
studied. The presence of a presynaotic-muscarinic receptor was demonstrated in
the Iris. The role of this receptor in inhibiting ACh release in the presence
of DFP was also determined. OFP snows an inhibitory effect on ACh release which
was blocked by scopolamine suo- ting that it Is mnediated tfhrougn a "nuscarinic
receptor. The rat iris proved o be a good !;odel for stuay~ng of AChE agents
since biocnemical linoings are easily correlated to physiological effects on the
pup ii.

Supported in part by AFOSR grant '83-0051 and Niowatski Eye Funo.
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Review of Air Force Sponsored
-Basic Research in Biomed. Sci.
Irvine, CA, 1983

EFFECTS OF DFP 03 THE RELEASE OF ACETYLCHOLINE: ROLE OF A
PRESYNAPTIC USCARINIC RECEPTOR.

Ezio-Giacobini and Thomas Mattio

Southern Illinois University School of Medicine
P.O. Box 3926

Springfield, IL 62708 USA

The albine rat iris contains a dense plexus of ctiolinergic
nerve terminals whose cell bodies are located in the ciliary
ganglion. This structure Is a good model for the study of cholin-
ergic function due to Its homogeneity. Following characterization
of the high affinity choline (Ch) uptake system, the electrically
imulated release of acetyl;holine (ACh) was studied. ACh pools
were labelled by uptake of 3H-Ch for 10 min (I uM). The irises
were then rinsed and put in a release chamber modified from
Potashner (1978). After a 10 min wash the tissue was stimulated
by a 50 Hz, 20 mA, 5 ms square wave for 1 min while being suver-
fused by oxygenated Elliots 8 buffer. The perfusate was collected
into scintillation vials, after which 2 ml of cocktail was added
and the radioactivity released was determined by liquid scintilla-
tion counting. The tritiumn released was expressed as a percentage
of the total tritium present in the tissue at the time of r lease.
We demonstrated that the tritium released was 95-100% SH-ACh.
The release of ACh was found to be Na+. Ca++ and temperature
dependent. The addition of scopolamine (10"-10"- )
increased the, release of ACh up to 190% while, the addition of
choline (1 0IM) decreased the release of ACh. This decrease
in release was reversed by the addition of 10-6M scopolamine,
demonstrating the presence of a presynaptic muscarinic receptor,
as has been described in other. tissues. The addition of the
irreversible cholinepsterase inhibitor diisopropyl fluorophosphate
(DFP) (I0- , 1O-- , 1O ) into the superfusion buffer
resulted in a significant decrease in the stimulated release of
ACh with esterase activity inhibited by more than 901. DFP at
10-7  and 10"-c inhibited esterase activity by 60 and 40',
respectively, but had no effect on the release of ACh. This
decrease on the release of ACh was found to be totally reversible
with the addition of 106M scopolamine into the buffer. The
decrease in release of ACh by DFP can be attributed to the accumu-

( . lation of ACh in the synaptic cleft and consequently its agonistic
effect on the presynaptic muscarinic receptor therefore decreasing
release of ACh. The muscarinic antagonist scopolamine, at a
concentration where itself does not affect release, was able to
totally reverse this effect. This data dern..nstrates the presence
of a presynaptic muscarinic receptor on cholinergic terminals in
the rat iris and suggests a mechanism by which DFP decreases the
release of ACh from cholinergic terminals. (Supported by Air
Force grant 181-0229 and 83-0051.)
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TEI IPERATURE ACCLI:IATIODI MODIFIES TH ,CHLCRIOE COWOUCTA.'CE OF GREEN
SUN'FIS HUSCLE FIBERS. M. G. Klein& (SPOtlSOR: C. L. Prosser). Depart-
ment of Physiology and Biophysics, University of Illinois, Urbana, IL
61S0

The passive electrical properties of skeletal muscle fibers frcm
Green sunfishi (Lepc-is cvanellus) have been detemined frri cable analy-
ses and rapid lon-suostitution experiments. In sunfish acclimated to
25C the resting chloride ion conductance, gCl, is larger than the
potassium conductance, aK. Mean (:SE) values are £55 :68 uS/cm2 for
g0 and 92 !12 uS/c-2 for gK (measured at T - 25C, N - 7 fibers).
Membrane capacitance, Cn, is 5.5 !0.3 uP/cm2. In sunfish acclimated
to 7*C gC1 is significantly reduced to 75 -9 uS/cm2 while gK is 65 .6
P/cn2. C2 is reduced to 3.9 ,0.5 uF/cm 2 (T - 7"C, N - 7). The
Qio of acclimatil!a ts. 3.0 for gCl and 1.1 for gK. In both 25*- and
74-acclimated sunfish the acute effect of temperature exhibited QO
of 1.7 for SCI and 1.2 for SK over S to 30C. Tenperature acclimation
appears to involve a reorganizaticn of the chloride conductance pathway.

Y,; Evicence is: i) The cnance in gCl cccurs over a time course of 9-14
days. Chances in Cn develcp in 5-9 days. ii) fVennrane selectivity
sectclces to foreign anions are not the same in 25*- and 7"-acciirated
sunisli. iii) Current-voltage relations measured with the three-
micrceiectrcce metnc- shcw constant field rectification in 25'-sunfish,
but are linear in 7"-sunfish. The fall in SCl in the cold appears to
incre.se nc:;rane excit,:ility by reaucing the magnitude of tre passive
shunt. (Sup~orteo by NSF PC.M 79-141025).

EFFECT OF DFP ON ACETYLCH(0LINE IETABOLISI IN THE RAT IRIS. T. G.
Mattio, E. Giaccbini and J. S. Richardson. Department of Phar.acology,
Sou:hern Illinois University School of Medicine, Springfield, IL 62798.

The iris ccntains choiinergic nerve endings %,hose cell bodies are
located in the ciliary -ganglicn. This makes this structure a ccd model
of nerve terminal function free frcm contamination by cell body and glia

( effects. Follcing the characterization of the uctake system for
choline (Ch) and the release of acetylcholine (ACh) in the isolated rat
iris we have studied, the effect of the increase in ACh concentration
follcw-ing local administration of the irreversible cholinesterase inhi-
bitor dilsoprcpyl fluorophosphate (DFP). At the various times after the
topical administration of 0.1% CFP in sesame oil onto the corneal
surface, the rats were sacrificed and the irises were removed. Pupil
diameter was measured, ACh as well as Ch levels were determined and
acetylcholinesterase (AthE) activity measured in sements of the same
iris. One minute after CFP, no changes were found in pupil diameter and
ACh levels, but AChE activity was decreased by 65". At 5 minutes, pupil
diameter waas reduced by 60 (and remained at this level for the duration
of the experinent), Ch .y 30', AChE by 921, and ACh was increased by
33'.. At 15 minutes ACh was increased by 23%, and Ch was still reduced
(l') but continued to recover reachino control levels at 60 minutes.
Acetyicholine levels were still increased at 60 and 120 minutes. AC IE
activity was still inhibited 86% and 74% at 60 and 120 minutes,
respectively. Cur results show that in peripheral cholinergic
teminals, in spite of the continual inhibition of AChE activity and the
functional pupiltary paralysis following a single exposure to antiChE
nrts rr f,Ol -erdtq .eturn toward normal levels. (Supported by

rn 8
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EUROPEAN SYMPOSIUM on CHOLINERGIC TRANSIIISSION PRESYNAPTIC ASPECTS , 1982 Jr1,,i4. C

MECHANISMS OF CHOLINE UPTAKE AND ACETYLCHOLINE RELEASE IN

PERIPHERAL CIIOLINERGIC SYNAPSES.

Giacobini, E., Richardson, J.S. and Mattio, T.G., Laboratory

of Neuropsychopharmacology, Department of Biobehavioral
Sciences, University of Connecticut, Storrs, CT 06268, USA

A new procedure allowing to perform a multiple set of

microanalyses of ACh (acetylcholine) metabolism and release,

as well as of Ch (choline) uptake, has been applied to seg-

ments of single rat irises. The characteristics of the high

and low affinity Ch uptake system which have been previously

described by us for the developing and aging avian iris

(Marchi et al.,Dev.Neurosci.2,185,1980 & Brain Res.1.5,423,1980)

have now been determined for the adult rat iris as well. As

in the chicken, the rat iris exhibits two distinct Ch uptake

systems. One component, a H a+ dependent, temperature sensitive

high affinity system (Km= 1.37 WI) which is blocked by ouabain

and hemicholinium, is most likely confined to cholinergic

nerve terminals. A second component, probably localized in

the iris muscle cells, is Ma+ independent and shov.s low ai'fi-

nity (iM= 433. 3 IA). Only the high affinity component is re-

duced by pZ concentrations of scopolamine and DFP. Electrical

stimulation of the isolated iris by 20 mA, 5 msec 100 Hz

nearly square waves causes a 2OOi' increase in the outflow of

radioactivity following incubation with (3H)Ch in the pre-

sence of scopolamine. Scopolamine and DFP alter the release

profile with 10 nM4 scopolamine increasing the evoked release,

1 )M scopolamine increasing spontaneous release, while 1 p4

DFP reduces both the spontaneous and evoked release. These

results are consistent with the existence of presynaptic

muscarinic autoreceptors that control the release of ACh from

the cholinergic terminals in the rat iris.

(Supported by 3rant AFOSR-81-0229 to E.G.).
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