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The neurophysiology of the elderly is presented in 3 sections : 1) The structural alterations
in the aging brain ; 2) The neurotransmitter changes; and 3} The role of neuronotrophic factors in
the regulation of nervous system plasticity. All these factors may be responsible for behavioral deficits
in the elderly.

Reprint request :Sudsuang R, Department of Physiology, Faculty of Medicine, Chulalongkorn Univer-
sity, Bangkok 10330, Thailand.
Received for publication. June 21, 1989.

* MATTIETIINGY ABSUKNBATRAT JRIRINTTHRIMINE S



802 A3 qanma uaz Alms auyanad

@ o Y R ) Y Ps
\Duimauiudeguaai 1u§§amqvnaaﬂ1:mn
X 4 . . o
wasiadflaruasazimImeuazaninunradsdlasaay
A ar Qe Q' o Qo 1
aflenusuius fuaussolumamauluioa g
A' d' € o ] 1 [ 4
stasnnndlawrasusssmens luud lusunsoudaaas
ymaunule Mindudgwlumsudlawssindadnea
Tumamsunnddagiu - dayasnnsddamisszuy
Ursam wuiniiTasunsiatrannnldassdssameny
4 Qe 1 A z :
WIDRONFNINAY ua:mwmﬁmmmsnm:ﬂgmumﬁa
URZLITARUTZRMUIFIUUBINNDI (TU FUDINIUAILAN
a a P v o v A '
muedenlny wianganssuld Tadudubu g ow
21T NNTEONRIRINTIY ATRARNINANUAAATHANI
Jramouazialafiliumetisaaanuiasvassuale

A ¢
maJasuudasmaelassadieveuvaailse-
am“luauawmé’qamq

A% a A a4
auadammvmnamﬂmamuﬁs*mm 15 1l qia
ma},ﬂ\m‘luumnﬂauuuﬂawunomu 50 ?.'Il.ﬁv ARINN
uum%unmnuaamuauq wAuTIa esniing
gtyLawmaﬂs:a’mu,a:ﬂsmmmmulumaaamwa
« ° Vv a [l ('3 o
Wuwanliifatedlusgues  madUsssminnIsus
dyzamldtias dnsasdszamidawiaidnas dola
WANFTULFI1I89U0991NI UM Nissl substance FARI
wulin 3 lipochrome pigments mulu pyramidal cells
a o 7
289 cerebral cortex 37884 Betz cell 828 UBNINNIIL
[ a P A A .
ngmq%zwuumuﬂauuwmamsaﬂawaq melanin
A H . .
granules mag'lu pigmented neurons 14 substantia
nigra &g locus ceruleus
§97W9UNIIWLY  neurofibrillary  argyrophilic

changes lusulanaaduvaasddscamusian hip-

pocampus 1#84377 neurofibril #WIAULAZAGIENNTH

-l ar W - 1 ar - < ) 2/
fanwazadoiiuriviusoviuafosunumaduidn
atTauazazidoamnlonlugnmwiund  mInusnBMEds
' Y aa a a 4
namwuluggeny 28 lu 36 whsiain 70 U &9
. . 4 Xy o d
§nw e neurofibrillary changes Aiwuiasoiufinuln
Tsa Alzheimer(")

Senile plagues (Argyrophilic plagues) wu'ld
Tuawasvosgseny wazludilulsn Alzheimer 1uriu
ludgeanguiinninulionds frontal lobe ua: hip-
pocampus # plagues atimanpoiia 12 9 1dezdszney

d o
NIV

MuNOUIDY argyrophilic particles YUIAAN 9 U U9
¥ ¥4 o .
ATulu granule uazunIINWLLLW filament uazay
ny29anIza Y senile plague Usznaudiy 3 §IudAe
degenerating neurites, amyloid W8z reactive cell il
e X . o d Ao aw
amyloid 3wmunauezluUdudf neuropils Favinli
- , . o
\fia compression atrophy ¥nl¥imadwaiAniaa® De-
generating neurites §2ulngitu presynaptic URTRIU
ANNATWY fibrillar material NAaUN&E®)
uanNATINLN  lipofuscin pigment MU
A A P ' @ ¢
anlu eauronal soma FITDINOIANRADNIFTUTEA
Yyzamn®

' A
mslasunasvesasaei)scan (neuro-
transmitter) 1Ha3BIVRIRF 101

= - a
nsans I TidRpuLdfIveIRIIRIUTTE N
A & Qo o Qs i 1 Q»
luswasiduluawegdvlasyn@dnazviaiugiu
lufugaeniinag senile dementia wisauaaieulug
aomu‘nmnwuﬂrmm 60% duwwuufisenin semle
dementia of Alzheimer type (SDAT) amzriaian nuu
mm@nucdﬂwnumqmm'] 65 1 13unI1 presenile
dementia %38 Alzheimer’s disease (AD)
« ﬂ. s ol v ] ﬁl Q’/
uANIuiuausIIN  RrIReUIzanITras
samnnysedssamidadgygimdssameasn a3
A d o & o d 1w
Nofhinasaanunilazlusiuiu receptor Miagidm post-
. . A A 3 A
synaptic terminal J898nITASWHI GaUM AN ALY
1 ¥
fusIFaUTsa AN 1eNIN19eu presynaptic WAz
. 2 Wy Adda " A A
postsynaptic I@mmwnm‘lug«,ﬂmwu'mmagmamn
Aa v &V v a @y Adaa ' s
Fieouaan e mmnmlug}ﬂaummmg 271lT35a39
A &£ o aa
saUngAnITAKazqNIvasUsTnauiuTayanendiin
nIoTarsdus1IRaYszamlu CSF, Raaniataais
| P @ Aa da @ ° o
mumsﬁnmluglﬂ'mmaﬁmmm 21UFNBINTA

o

se@UTRD1528 M, metabolite, precursor 3 alausts
AADITIARDATUIUIU receptor TRAANS 9 AN

1. Cholinergic system NNIANEINTITNNU
va9szuLianes@nen activity vadeudusl choline

acetytransferase (CAT) W&z acetylcholinesterase (AchE)

4 o o
FaTun13ANEINII6H presynaptic K IUMIANWIN
N postsynaptic WnazfAn®1 muscarinic receptor



3 v
i 33 mium 10
AMAN 2532

NI Maun§UIWIUI choline acetyltrans-
ferase activity aand luFNaILIT I temporal cortex, hip-
pocampus WAz mammillary body 1%&3.1801180%%08'\24
Unduazlu AD®®) wanani acetylcholinesterase,
pyruvate dehydrogenase Aiaandiguiul’ +8)

Soininen wacAms(®) wWudn cholinesterase
activity 1wl AD usz SDAT Yauninggeenind
at Ny FAYN1IN DA uazfonudaninnisanasii
ﬁm’miuﬁ’ufﬁumw;uuswmm‘snﬁlauawmaﬁﬂtyry'l
AN UBSWEANT T

Acetylcholine §91A312%413 N choline uas
acetyl CoA lapensinaudsl choline acetyltransferase
Choline ¢ nnawmnsfiuszneuday phosphatidyl choline
(lecithin) "fmﬂaqﬁ’uﬁmsﬁnmﬁummﬂaﬁwm'lﬁﬂum
Tudgeey 19w Tricortin (Fidea) pei9l3fiaw Levy
unzame('?) wudinslens  choline liswninsa
YSinougsdfiens usms¥ lecithin lugtlw AD i
mmmtﬁum’uﬂﬁ’ﬂu@'ﬂ’m‘lé’

Acetylcholine findssonunannumeyszamaz
grvinenolaseusiual acetylcholinesterase M3 1Ftnnga
cholinesterase inhibitor WBTN¥NIZNLVES acetylcho-
line ¢oelfarnaTediasedy Hwwumsls physostig-
mine W8S tetrahydroaminoacridine 1%!3’13’1[1 AD Wyl
i'mlﬁ'&iﬂ’:uﬁmmﬁ’uﬁuﬁ"‘2)

ms'l'ffqunq:u cholinergic agonist LW areco-
line wuirsansaanwdtuaudnduazlugioe
AD 15(13,14)

2 d r p Al

nnmIgnsfidiuanlaneagdlddn ms

] . .
wabuuyasuas cholinergic system luggagiulylu
X \
NIRARY URZANTULTIVBIMIRARIIzANN AWMLY
-3 : o v o = ‘.

AD wamifinsiiorninnifefunefimaienaas
¥ A o A = X A4 ¥
szuumsfadussaruitiiieduluggengla

2. Noradrenergic system MIANWINIIN
: = [ ar .

\nu'ums:uuumwnmhmm:ﬂwm noradrenaline,
dopamine- B -hydroxylase (DBH) activity u8s
3-methoxy-4-hydroxy phenylglycol (MHPG) w8 nannii
o . a ‘
Fofinwm1adu postsynaptic lapgh receptor léiun
a o U8 B adrenoceptors

»

A 1} Q- .
AW TWIUNWLINTSAUVEY  noradrenaline

tizamadrinnludgeoy 803

8a83lu cerebral cortex UBIRFIAGUATALY AD uss
SDAT §7% metabolite MHPG finasaisuriu('®) DBH
activity 1wt AD saaa® s @ 9. usz B
adrenoceptors u occipital cortex Was hippocampus It
whasuulasludhy AD uaz SDAT('®)
fimAngmusayin noradrenaline lusupaliay
FUWWFAU mental function N&AR 81TNEL (mood)
HaruFunRus Aul3nnaues noradrenaline ﬁa;j‘lu syn-
apse luaued f1UTumuas noradrenaline aasdvzdl
213 ITu (depression) UWATAABINITIANAIEN @9
&uﬁomanﬁﬁﬂﬁiwmmnw%iulm&’gomqﬁw:Lﬂaam
mnm‘sﬁﬁ‘::ﬁwm noradrenaline Rﬂa\‘lﬁ"utm
138931320 UVBY noradrenaline 14 hypo-
thalamus UBIFIOYRARS Falusrinl¥n1Ines LH uas
GH sanaee(1e) uanmn*ﬁmmﬂawaa noradrenaline
'luauaammﬂummqmaam‘::tﬁammslusj;gomq
(geriatric anorexia) & ﬁimﬁnn noradrenaline {874
tf'imiaoﬁumsﬁ'mwmquﬁmsﬁu (feeding center)('”)
3. Dopaminergic system Presynaptic dopa-
minergic markers 1auna M TNIUYES dopamine UsT
metabolite homovanillic acid (HVA), DOPAC uac
3-MT activity v8diausditinl tyrosine hydroxylase (TH)
uas dopamine decarboxylase (DDC) §74 postsynaptic
dopaminergic markers 1eun dopamine-1 ua: dopamine-2

receptors

fywnuwinnududuaes dopamine, HVA,
activity 183 enzyme tyrosine hydroxylase W82 dopamine
L3 -~ z
decarboxylase sasaluggionyund uszazaaanniulu
%ﬂw AD uaz SDAT(%'8) g1 dopamine receptor
UUNLI1 dopamine-2 receptor 8A8IUAS dopamine-1
a P 1 (% IJ A(18)
receptor LWUUNIU m&gm’lq n&

(3
r-]

NNI86a89289 dopaminergic activity W WU
flanuduiusiunmaiAalsn Parkinson luggeey('®)
a4 - °© e -3 A'u -l
FalnmInnurasdisemuaneIiednd wanInied

o 4, . . X 4
WANFIMANLINEEI5EAUL8d dopamine ANUUILLALY
Qr - - . A -4
Jasuniaifialia Schizophrenia Fal3nliasnuaation
P L .
mluﬁqm'\qmeﬁ dopaminergic activity 8984
A Qo . .
\NEINY tuberoinfundibular system 183 hypo-
A « . . s ¥ a
thalamus %43 dopaminergic neurons BgUINUU NIIY



4
804 183 ganma uaz dliws auygad

72QUT89  dopamine awmlué’gomqa:wuﬂmwﬁo
prolactin \RNANIULRZAANIRAITEd LH1®)
4. Serotonergic system N1IAIIIRNITEAVVOY
“
5-HT uaz 5-HIAA 3903 activity V83tausal trypto-
& I ¥
phan hydroxylase Lﬂumsgmsmﬂwmﬂs:mnmu
presynaptic W8SN19@3339 5-HT,| uae 5-HT, receptors
Hun3a3239M13719U89UTER MM postsynaptic
finsawihludgeegundszauves S-HT uas
5-HIAA LiwRouuras ualudthe AD wudiaass(®)
¥
83U 5-HT, usz 5-HT, receptors aaaomluégomq
Unduszdtly AD('®)
P - A o
MINWLI M IIWREULLRIN 31989 mono-
aminergic (noradrenergic, dopaminergic W82 serotoner-
. & ¢ @ A e A e e
gic) system # lwasmauwnddagtufiondamitenls
a A o . . oa .
NUNINLNBINB¥IANIE senile dementia A8 Hydergine
. . .4 £
(ergoloid mysylates, dihydroergotoxine) mﬁqnﬁmo
modulate uazifasiumiiiaanulisugauessiiie
Usee iU monoaminergic u8z81INAYITI M
a9
5. Amino acids system 8135a13z8mNs Y
16ur aspartate, glutamate U8z GABA H3189win
P g
3:9UT89 aspartate UR: glutamate lajlu/Reuuniasiug
, N ¥
1ho AD usz SDAT('®) g wmiuszduves GABA wu §
TWUATAUIITI UN9I89IUNaIIN Ty GABA lu
cortex 1895t AD unz SDAT DT RICORRTORPRYS
ywuannlifouuias(®) §amssduues GABA recep-
tor Wuilaidsunaslugiie AD waz SDATRY)

6. Neuropeptide system 3318113800284
vasoactive intestinal peptide (VIP) uaz cholecystokinin
(CCK) "l&iLﬂﬁnuLLUaaluQ’ﬂaﬂ AD(®)  gaussduves
somatostatin WUNaasI®) gnsy neuropeptide Y ¢35
swmuﬁi«mﬂ‘aﬁ‘uag 874 substance P WUIAARI
vtz enkephalin Sulai/Aruuilas(20)

Qv g: 1 [ ) -3 ni Q. A
animaananlanndnsisItum U ew
4 v ¥ oo
uﬂaamaammaﬂs:a’m'luauawao;dgomquu g9l
mmsnaﬁ;ﬂié’uﬁfﬂﬂw:ﬁ'aoﬁnmﬁ'ueia"lﬂ'lﬁ’mnﬁu
A a e o a ) Y
Lwa1Jsz‘[wﬁ'lumswmmmmNamua‘[sﬂlug’gamq"l@\

i}ﬂ]ﬁlﬂ‘iﬂil’l‘\iﬂ’ﬁ

UNUINUYBY neuronotrophic factors

ﬂaqﬂ’u‘lé’ﬁmsﬁnmﬁ'uu’mﬁomﬂﬂ‘:ﬁuﬁmﬁ
A 1 -~ .y 1
BImugunIaTmIandandamInTgidule maden
WU MITNBINMN UASENT TOMWNIINIUTDATRS
dszam sransdylenn
-
1. Nerve growth factors (NGF) WugnIn
. . .. & Py
funuley Rita Levi-Montalcini®24) \flulys@indad
uwmnlumsn's:éjumﬂﬁtynﬁuh, INVIERA N, Tow
WY WA TIURNRUT TOAIWAIININUVE HTRRU TR N
ToasAussFoUszan nnmsanEduauuiuas
1 20 I WUNEMAI LTI MBI UUUT SR IMEIUNEY
1 O fA « d' ¥
uazssvudszamamdanslugainladunusiswnse
1 s 2: o
fausUaIne NGF la dniulusurnaanasingns NGF
& v o ) TR B @
uml‘nnm:uuﬂszm*n'lug«]gamq‘lﬂm'lﬂummnm
4o X
AuATLANLANLINAY
. o 4
2. Neuronotrophic factors @294 9 INNT
ANBIM T YVBATARUTEE M WUIMTUANULDI
ati LI axon tNavzlU synapse fulaw
- A o i d
U328 IMEMU  postsynaptic TN IRIMTAAIIUIULVEY
'3 4' ) 4 d. h Qe ol v
WwasUszamandasrame ladunuds wasnimseu
WU NGF ﬁﬁlﬁ'ﬁ;&'ﬁmw?nmﬂmuﬂs:mnuw:a%"w
. [} A Qe
%17 neuronotrophic factors 1138814 TINWINYNIY
Ton specific receptors maatﬁavfmen 886U postsynaptic
o Y I's o A A o
uaztrw e aduscamnean 2 mam"lﬂmuqu
maATydule MITnsenw uazanIToMWMINI
NuvanTasUszamaan 22526 gasnlainineniu
1 <l =S -3 . Av
N 1B n13AnwD9 trophic factor AMaIN13lung
1335283 cholinergic neurons w84 ciliary ganglion U8
1t Ifuny Ciliary Neuronotrophic Factor (CNTF)
1} A 1 ﬁ. 1
1ngnanvasin(®) FwuhsanTnfinmsgseauas
ﬁ‘ = o ° A .y
WudssinEnwnsvnanuueasasdssemi  ciliary
ganglion, sensory U2 sympathetic ganglion &
@M IAUNLY Brain-Derived Neurotrophic
A 1 '
Factor (BDNF) Mnauaswy® Fadaelumsegseaues
sensory neurons WS retinal ganglion neuron.
de - ¥ si ° ar A 1 A -
uananiifelinsaunuiiddgdnnguniiane
growth factors @33 niwuldun Epidermal Growth
Factor (EGF)(??) fiqausutigminl¥dmanigidula



4 o 4
i 33 aum 10
AaINY 2532

UBALTRENIe M proliferation Bndaniteléiun Fibroblast
Growth Factors (FgFs) %aﬂuadamﬂa?nﬂaas:w
Yszamsmdasuazszuudseamaunanslunaea
wiinanaa(®0)
wenSxmMwIeITzULTzEmaseEulng dn
wuiiosddzamgnines iiu AD zwuiin1Iaa
379u cholinergic neurons lu3zuulszamnas lin
Parkinson im38a374% dopaminergic neurons V8d
substantia nigra F0FinusuuzeudmmnItznIan

Y a
AN

1. Hirano A, Zimmerman HM. Silver impregnation of
. nerve cells and fibers in celloidin sections : a sim-

ple impregnation technigue. Arch Neurol 1962
Feb; 6 (2) : 114-22

2. Wisniewski HM, Jerry RD. Reexamination of the
pathogenesis of the senile plagues. Progress in
Neuropatholgy 1973; 2:1-26

3. Glenner GG, Terry W, Herada M, Isersky C, Page
D. Amylcid fibril proteins : Proof of homology
with immunoglobulin light chains by sequence
analysis. Science 1971 Jun 11; 172 (3988) : 1150-1

4. Guillery RW. Light and Electron Microscopical
Studies of Normal and Degenerating Axons. Ber-
lin, Springer, Verlag, 1970. 77-104

3. Gottfries CG. Neurotransmitters in the brains of
patients with dementia disorders. Dan Med Bull

) 1985 Jan; 32 (1) : 44

6. Perry EK, Gibson PH, Blessed G, Perry RH, Tomlin-
son BE. Neurotransmitter enzyme abnormalities
in senile dementia : choline acetyltransferase and
glutamic acid decarboxylase activities in
necropsy brain tissue. J Neurol Sci 1977 Nov; 34
(4) : 247-65

7. Perry EK, Perry RH. Human brain neurochemistry-
some postmortem problems. Life Sci 1983 Oct
31; 38 (18) : 17343

8. Perry EK, Perry RH. A review of neuropathological
and neurochemical correlates of Alzheimer’s
disease. Dan Med Bull 1985 Jan; 1 (1) : 27-34

9. Soininen HS, Jolkkonen JT, Reinikainen KJ, Halomen
TO, Riekkinen PJ. Reduced cholinesterase
activity and somatostatin-like immunoreactivity
in the cerebrospinal fluid of patients with demena
tis of the Alzheimer type. J Neurol Sci 1984 Feb;
63 (2) : 167-72

tszamadyinnluggaoy 805

YSu104189 neuronotrophic factor®”) a1nm3sFaunain
NGF s w13ntfasnumsaionIamsnininniney nd
284 lesioned cholinergic neurons lurwadld Fovinlwize
a . ] P a

1431 neuronotrophic factors W13zAILANIALITUAIW
a;.jtamm:m'sﬁwﬁwﬁmawxjaéﬂs:wm Tesawnzlu

] [V N '

AD m‘lﬂumﬁmaaolun%uwgomq WUINENNID
o . X )
WUAMUIWINIRGRa NGF 13710 ventricle(3?)
¥ : .

AiUMINI MU AR TBR LA va I TARUIER N
Y ar A Yy o
lug‘qomq a1arunInfasnunIavassslaniinn

1133710989 neuronotrophic factors §INAINIME?

10. Levy R, Little A, Chugui P, Reith M. Early results
from double-blind, placebo controlled trial of
high dose phosphatidylcholine in Alzheimer’s
disease. Lancet 1983 Apr 30; 1(8331) : 987-8

11. Kaye WH, Sitaram N, Wingartner H, Ebert MH,
Smallberg S, Gillin JC. Modest facilitation on
memory in dementia with combined lecithin and
anticholinesterase treatment. Biol Psychiatry 1982
Feb; 17 (2) : 275-80

12. Summers WK, Viesselman JG, Marsh GM, Candelora
K. Use of THA in treatment of Alzheimer-like
dementia : pilot study in twelve patients. Biol
Psychiatry 1981 Feb; 16(2) : 145-53

13. Sitaram N, Weingartres H, Caine ED, Gillin JC.
Choline : selective enhancement of serial learning
and encoding of low imagery words in man. Life
sci 1978 May 1; 22 (17) : 1555-60

14. Blackwood DH, Christie JE. The effects of physostig-
mine on memory and auditory P 300 in
Alzheimer-type dementia. Biol Psychiatry 1986
May; 21 (5-6) : 557-60

15. Cross AJ, Crow TJ, Johnson JA, Joseph MH, Perry
EK, Perry RH, Blessed G, Tomlinson BE.
Monoamine metabolism in senile dementia of
Alzheimer-type. J Neurol Sci 1984 Aug-Sep; 60
(3) : 38392

16. Simpkins JW, Millard WI. Influence of age on
neurotransmitter function. Endocrinol Metab
Clin North Am. 1987 Dec; 16 (4) : 893-917

17. Giannini AJ. Drug abuse and depression : possible
model for geriatric anorexia. Neurobiol Aging
1988 Jan; 9 (1) : 26

18. Morgan DG, May PC, Finch CE. Dopamine and
serotonin system in human and rodent brain :
effects of age and neurodegenerative disease. J
Am Geriatr Soc 1987 Apr; 35 (4) : 334-45



d 4
806 07 AN uaz ghns duynyd YNIAINIWUNBANT

19. Perry EK. The cholinergic hypothesis-ten years on. ~ 27. Barbin G, Manthorpe M, Varon S. Purification of the

Br Med Bull 1986 Jan; 42 (1) : 63-9 chick eye ciliary neuronotrophic factor (CNTF).
20. Rossor M, Iverson LL. Non cholinergic neurotrans- J Neurochem 1984 Nov; 43 (5) : 1466-78

mistter abnormalities in Alzheimer’s disease. Br 28. Barde YA, Edgas D, Thoenen H. Purification of a new

Med Bull 1986 Jan; 42 (1) : 70-4 neurotrophic factor from mammalian brain.
21. Cross AJ, Crow TJ, Johnson JA, Perry EK, Perry RH, EMBO J 1982 : 1 : 549-53

Blessed G, Tomlinson B.E. Studies on neu-  29. Cohen S. Epidermal Growth Factor : In Vitro Cell

rotransmitter receptor system in neocortex and Dev Biol 1987 Apr; 23(4) : 239-46

hippocampus in senile dementia of the . . . ]
Alzheimer-type. J Neurol Sci 1984 May : 64 (2) 30. Unsicker K, Reichert-Preibsch H, Schmidt R,

. 109-17 Pettmann B, Labourdetts G, Sensenbennes M.
22. Davies P, Katzman R, Terry RD. Reduced Astroglial ‘and ﬁbr‘oblast growth factor_s have
neurotrophic functions for cultured peripheral
and central nervous system neurons. Proc Natl
Acad Sci USA 1987 Aug; 84(15) : 54559-63

somatostatin-like immunoreactivity in cerebral
cortex from cases of Alzheimer disease and
Alzheimer senile dementia. Nature 1980 Nov 20;

288 (5788) : 279-80 31. Appel SH. A 1.1nifying hypothfesis for. the f:ause of
23. Levi-Montalcini R. The Nerve growth factor : its amyot.rophfc la'teral sclerosis, parkinsonism, and
mode of action on sensory and sympathetic Alzheimer’s disease. Ann Heurol 1981 Dec;»10
neurons. Harvey Lect 1966; 60 : 217-59 (6) : 499-505
24, Levi-Montalcini R, The nerve growth factor : thirty- 32. Fischer W, Wictorin K, Bjorklund A, Williams LR,
five year later. Biosci Rep 1987 Sep; 7 (9) : 681-99 Varon S, Gage FH. Amelioration of cholinergic
25. Thoenen H. Barrde YA. Physiology of nerve growth neuron atrophy and spatial memory impairment
factor. Physiol Rev 1980 Oct; 60 (4) : 1284-35 in aged rats by nerve growth factors. Nature
26. Varon S, Adler R. Trophic and specifying factors 1987 Sep; 329 (6134) : 65-8
directed to neuronal cell. Adv Cell Neurobiol  33. Blorklund A, Gage FH. Grafts of fetal cholinergic
1981; 2 : 115-63 neurons in rat models of aging and dementia, in

: Terry RD, ed. Aging and the Brain. New York
: Raven Press, 1988. 243-85





