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e ~_ INTRODUCTION "
, Our knowleaée.abodt neurotransmitters in the brain has evolved from

the discovery of the compounds per se,‘through the elucidation'of-their

. »

blosynthetlc and degradatlve pathua{s, and of the regulatlon of these e
processes. "..The transmltter theory=for the central nervdus system lmpléee
.@hat.neufons ln th&s‘comoléﬁ'organization make do nlth‘nelativelj.few,.

; A . C » . . S . -‘ ..‘_"
ﬁeurohormones to accomplish their ends.. Amoné the putative central neuro-
" . o ;o v e )
'tranemittefe'noreplneohpine, serotonin and mohe recently hoet&lbholﬁne L

’ - . .'v

.. and dopamlne received'most attention. The . relatlonsnlp of these braln P

L s

blogenlc amines to altered states of behav1our, mental dlseases and thEIP

L. e

roie in the actlon of psychotrop:c drugs has been the subject df vast

“number of-reports.‘ Sophlstlcated ‘methods have been developed to study

the levels, metabollsm and the turnover of these blogenlc compounds in»+

variety of experlmental CondltLODS. Drugs whlch dlrectly or-lndlrectly

affect the central nervous system have often been used 4s tools in an

‘attempt to~ correlate the functlonal ohanges wlth neurochemical. altera-. R

¢ .. 5 _— -

tlons 1n whole bpa;n or dlscrete reglons of the central nervous system.i'

t" . P = ,.t‘

The lnvestlgatlon of the pharmacologlcal 1nteract10ns of antldepressant“

. g

' drugé w1th central adrenerglc mechadisms and with the metabolmsm of braln

B noreplnephrlne and serotonln have prov1ded the b351s for the 1n1t1al

formulatlon of hypotheses on the key role of these amlnes in the etlology

-

1

of afféhtlve ﬂlsorders (Schlldkraut, 1973) Def;cxency of dopamlne 1n
PN .‘_ o
bggal gangrla of Parklnsonlan patlents was found to be qgmajor factor

- 1n the pathology of this dlseese stdte (Hornykxewlcz, lQQ&3 »..
i -

‘ . - . ) ) ’ ‘e ‘ - 3 :

. . . Ta.

,.’.



- . S » - i L Y i " ’ -
\ Studies on theshormonal regulation of the'developing.brain have shown
R ey _ S : i Y
. that, in.particular the thyroid hormone -exerts a'marked influence on the’
L - ) . ' : L) ' . . .

+

o . Lo o L. . |
*developmental pattern of various neurochemical components of the brain -

'(Schwa,k et al., 1972). Attempts have-also' been made to'correlate the . .~
, ‘ : . _ o " .

" neur0chemical alterationsresultiné\from the lack of thyroid.function
4 . .
-]

with the- behav1oural changes and other symptoms seen durlng experlmental
-,cretenlsm;(Myant' 1971) . ' o . o o

. e . - -

Althoughlit has been_suggested that brain biogenic amines may.play : i

S
a role in sleep mechaniSms their exact relatlonshlp to varigus stages
-iof sleep has not yet been eluc1dated Whereas Serotonln "and noreplnenp‘
¥

-phrlne has been lmpllcated in slow-wave and REM sl&ep, respectlvely,

* . . .

alteratlons‘eh brain acetylchollne have been descrlbed durlng REM sleep

"\deprlvatlon i expemmental anlmals (Bowers et al., 1966) L <

S The a1m of the present study was to 1nvest1gate the changes in braln

',. aCetylchollne and dopam}Qe durlng altered states of behav1our and after ?

&
: admlnlstratlon of some selected pSYCthPOplC drugs In partlcular,_

;the ontogenlc development of braln dopamxhe, acetylchollne and acetylr"

o a * "-ﬂ - v rd

_cholln& ‘esterase was studled in normal’ rats and compared to that durlng T
- experlmental cretenlsm. Neurochemlcal conse%pences of sleep deprlvatlon '

‘were 1nvest1gated by measurlng dopamlne and. acetylcholzne levels in the

strlatum of rats subacutely or chronlcally deprlved of REH sleep

Flnally, the effect of trlcycllc antldepressants upon the strlatal .

"I B

dopamlne was examlned and compared to that exerted by an antlparklnsonlan

;drug,.beoztrOplne. ot - ' .

4 ¢
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i K | "ot . ‘ . "
reviéwed By Hebb (Hebb, 1870). - Lo - ‘

: range from 8 o to 2? 6 nmol/g wet wt dependlng upon methods of
;sacrlflce, extractlon and'estlmatlon used-‘ mong varlous braln areas

.the hlghest concentratlon of ACh lS found in

" 1. BRAIN ACETYLCHOLINE

Low .
. v

VDistribution;,Levels and Metabolism of Brain Acetylcholine

v . o, : . - . R
. .

Introductlon

., 3
47 .
-

The%develqpment of new technlques for subcellular fractlonatlon

- N 3

of the nervous tlsshe new chemlcal methods for 1dent1f1cat10n and

.“
- at

quantitlve measurement *of braln acetylchollne and the use of tracer

methods have resulted in, a, ‘recent outburst of 1nformatlon on chollnerglc
B 1

'transmission and the prOcesses determlnlng the,fynctlon-of the putative -

. o
-~ .

central neurotranamltter, acetylchollne (ACh) ‘Drugs which directly'or.'

1hq1rectly affect thé central chollnerglc mechanlsms have. often been

.\\

; used asltools 1n attempt to correlate the funct10na1 changes with blO—

chemlcal alteratlons 1n the acetylchollne systems.- Although the func~

-

,tlon of acetylchollne as a neurotransmltter at perxpheral chollnergic %

.2 : Y
synapses is now flrmly establlshed there is stlll ne deflnlte answer

to the questlon of whether or not acetylchol;ne serves as a transmltter
. Y

",.within‘the brain: ‘The evidence relevaqt to this problem was’ recently

-

4 . .' . . . LB -
.- . SRR o oA, . -
.

. 5 . ‘ ., - . ' N - . .

¥

' b: D:.stmbut:on of Acetylcholme in the Brain-
L . L ' -t X . .
i) Steady-State Bevels in the. Hhole Braln and DlScrete Areas.

L3

Values reported for the concentratxon of ACh in rat braln

TR PP -‘- ‘¢.

-

4

_ striatum Cu3-45-nmol/g) .
¢ - .&‘ LI - .

E(Sattln, 19ﬁ6 Schm1dt et al., 1972 Hrd na’ et al.,.l97la) and the

‘.n‘h . - .

LT

P ' ’ -.-\«.
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S s o U . e . R
- lowest 1n'berebellum (2-4 nmol/g) (Takahashl‘ahd Aprison 1864; [Fink, 1968).

\\“\5\ ;;" " ii) Change in Stea@y -state Level of ACh. Ach content of‘the brain
‘ Ca RS ¥ T e
varles 1nversely WLth the degree of functlonaf act1v1ty of the bradin, ‘

) ;’- bexng hlgher than nd?mdﬁ durlng sleep or unger anaesth951a (Rlchter andf’ ;é' ;
"' Cross land 1949, Crossland 1953, and Takahashl et al. s 1961). The‘concenf
tration of ACh also exhibits circadlan rhythmlctty (Hanin et ai.;71970a,b,

.- Friedman andealker,-lQGg). ' -

1

Drugs or altered phy51olog1cal state could affect the synthesls,
release, uptake or destruct;on of ACh The chaqge in the steady state
”‘~level bf ACh.would be dependent on the extent to whlch the various compo— _

nents of the ACh cycle (Flg. 1) have been altered. =~ . . L

o; Hethods for Mggsuring Brain ACh Content.

S D N ' . A number of bloassays and chemlcal methods are avaxlable for
) S . #

- £owy

measurtng hCh. —~ RETE | .
Sy i) Bioassays. Frog rectus abdomini.s 'muscle (Chang ahd Gaddu’m,

1933), clam heart, (Welsh 1943), dorsal wall of the leech -the cat's

[

. blood preSSure (HaeIntosh and Perry 1950) and the gulnea plg s‘ﬂleum

.LBfgber and Cuthbert 1961 Beanl ana Eianchl 196 ) have been most frequent—r

F

ly, used asljfﬁt ob]ects. Bloassays&jye sxmple in procedure compared to
% . : chemlca) methods, extremely sen51t1ve (sometlme respondlng to subplcomole

concentratlons) at the expense of being less spec1f1c and sufferlng from
Y ‘

changes in sen81t1y1ty. The two‘objectlons led to search for_chem1cal

metheds,, . | C .
R :L . N ' ' . . ’ . ot

3i) Chemical methods. Gas chromatographic (Jenden et al., 1968;

RGP . . ’ tr ' A. 4
-\‘.-J"‘_. ) . L. ‘.;
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- sensitivity

Szilagyi et el., 1968), fluorometric (Fellman, l?ﬁgl'and radio-enzymic .

(Goldberg and McCaman,'lQ?B)-detefminations of ACh have received most

attention among phySLco chemlcal methods . Besides the advantage of

'

specxflcl'

biological methods. Fnrthermore,-in chémical assays more

samples can be phocessed’ simultaneously..

d. 'Metaboliem'of Brain Acetylcholine. L ' .. : .

i) Sznthesis Aoetylchollne is synthesized from choilne ‘and

at
e

acetyl coenzyme A(acetyl CoA) in a reactlon catalysed by ChOllnE acety-- .

- lase. The K of choline and acetyl ~CoA under phys;ologlcal condltlon 15'

750 uH and 10 uM reSpectlvely (Potter 1972)

Source of Acetyl Coenzyme A: The rat braln contalns 28 unlts/g

iof coenzyme A (CoA) (Kaplan and prmann 1948) and 5 nmoles/g of acetyl-
. CoA {Schuberth et al., 1966a). The latter is syntheslzed from glucose.
via pynuvate fQuastel'et al\; 1936) in the mitochondria of the braxn':'

. cells. Mitochondrial membrane is impermeable to acetyl—cod (Tncek,T1967):]

and choline acetylase-is locatgd in the cytoplasm (Fonnum, 1967). Most

prqbably, acetyl -CoA is converted tb c1trate thch crosses to: the cyto— .

\

plasm and is converted back to acetyl CoA by xheﬂcyt0plasm1c ené&me ATP-
c1trate lyaSe (Sollenberg and Sorbo. 1970) Acetylcarnxtlne has also

been postulated as a translocatlng 1ntermed1ary (Potter 1972)

Source of Chollne Chollne for ACh synthesxs might come from .

.-extracerebral supply {via blood) or from hydrolysed ACh at the synaptlc '

cleft.. Free chollne content of the braln has been found to vary from

39.9 to 27k.nmoles/g (Schuberth et al., 1970} according to speciee and

)and PeprLdUClblllty, some chemlcal methods also apprdach the T

h
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ﬁethods eéed "Slnce choline does'nof croas easlly the blood braln Barrier
it has been Suﬁseated Sﬂosell et al., 1970) that a phosphochollne COmpound
:mey crogs 1nstead and then be partlally devraded to y1€ld free choline: for
ACh aynthesls Choiine obtained f%Om'ACh hydroly51s 1s taken.up by active
.process Whlch requlres oyygen and glucose utllxzatlon and can be blocked '

‘l'by dlnltrophenol (Schuberth et al 1966b)

Chollne‘Acetylase' Choline acetylase (ChAc) is present in 7.

the soluble fractlon of nerve endings (Potter et al. , 1968, Tucek 1966)
and has a’ molecular welght of 65, 000 (Potter, 1972)

Regulatlon of Acetylchollne Synthe51s Level of ACh is

\

,rbelieved to ‘be c0ntrolled by a feed back mechanlsm hlgher concentra-
\

'tlon 1nh1b1t1ng (Glarman and Pepeu, 1964) and 10wer 1evels (e g- due to
_ potass;um 1nduced release) enhanc1ng its own' synthe51s (Sharkawl and
* Schulman, 1969a). e \

. ) o . i - : ] , . . . :
L ii) Storage and Release v o <

Subcellular DlStPlbUthn Our present understandlng of sub-

cellular dlstrlbutlon of*ACh in the braln comes mostly from the-work of
;Whlttaker and assoc1ates (Gray and wwlttaker .1962; Whittaker, 1969

. Barker et al., 1970) "Free' ACh is thought to be lOce;ed in the axo-'
Iplasm,t'lablle bound' portloo in the synaptosomal sap aﬂd stable bound'
fraction.is associated with'vesicles within the synaptosomeu Dynamlc-

‘equlllbrlum is believed to exlst between dlfferent components

Release of ACh Ach is known to beureleased from bra1n~tlssue.

*in vivo!' (Chakrln et al. 1968 Szerb 1963 Hltchell 1963 Beleslln°et

.al., 1965) or 'in vitro! (Bowers 1967, Polak and Meews 1966). Elec—

‘ trlcal sklmulatlon (Mltchell 1253 Szerb 1967 Collier and Mltchell

ar
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}1966) 1ncreased ievel of pot3551um (Mann et al. ; 1938, Sharkawi and '

' Schulman,,lQBQb) and corta;n drups enhante the rate of release

*

. The mechanlsm of ACh release from nerve endings w1th1n the central

-nervous system is- ‘however stlll obscure., ‘ A o

iii) Physxolpglcal Dlspp51t10n

Enzymlc Destructlon The major means of dispasing of _' ' C i

released ACh w1th1n the CNS is its hydrolysxs by acetylchollne esterase

(AChE),‘whlch is assoc1ated With, both pre- and post syqaptlc membranes

P

) ~(Lew13 and, Shute 196u) R - _ : ‘, 2 - j"l'-
i Reuptake “In the presence of an. AChE lnhlbltor: sllces ef

rat braln are eapable of accumulatlng labelled ACh from the medlum

agalnst concentratlon gradient (Llang andeuastel 1969a, Hrdlna and

Dlng 1973a, Schuberth andlgundwall 1968) The phy51olog1cal 81gn1f1-

cance of the uptake tranSport system fpr ACh at the brain cell membrane

is, at-present ‘unclear.

- Ontogenlc Development of Braln Acetylchollne

ALY the.components of the chollnerglc system in tne braln were,
found to increase gradually durlng the postnatal llfe.(Hamburgh and
iFlexner 1957 McGeer et al. 1971 Ladlnsky et al. 1972) ‘The actlv-
1ty of the synthesxslng enzyme, chollne acetylase in the whole braln or
caudate nucleus of rats increases sharply durlng the flrst 20 days after
blrth (McGeer et al. 1971 Ladlnsky et al. , 1972). While acetylchollne
'_concentratlon rises gradually, the content of chollne showed a decrease
in the braln of rats durxng the perlod of’the fast- growth (Ladlnsky et al.
~;1972)£' Durlng the permod of act1ve myellnatlon (17 days), tHe uptake of

) .. -."‘:. oy



jradloactlve choline by rat braln uynaptosomes was shown to be: twlce as

b}

'h;gh as by synaptosomes ‘from brains of adult rats (Abdel Latlf and

Smlth 1971). The developmental changes in the concentratlon of synapto—

/v‘.‘

. somal acetylchollne appear to parallel the increases in the act1v1ty "of

"

' total‘and synaptosomal aci{ilchollne esterase. This is in contrast with

the .abrupt - rise in. the activity of Na' K ATPase whlch correlates well

“} . 1

w1th the appejrance -of eleétrlcal act1v1ty in-the. rat brain (Abdel-Latif :

u‘-- '-.et_ al., 1967 1970). . ’ . ) o .' !

S S . ] . v

B. Effecfs of Centnally Acfing.Drugs'on fhé Levels and the Metabolism

of Brain Acetylchollne e o - : . L

Drugs whlch affect braln ‘ACh may do so by 1nterfer1ng with one or

more of the followxng processes, 1) Synthe51s of ACh by affectlng the

T .
synthe51z1ng enzyme ChAc or the availability of the precursors, chollne

o and acetyl -CoA;. 2) Storage of ACh by alterlng the pattern of subcellular ‘
\
dlstrlbutlon 3) Release of ACh; ) Phys¢olog1ca1 dlSpOSltlon of ACh by

affectlng AChE or reuptake In addltlon drugs can act ‘on the Slte of-

‘action ACh and thus affect elther the functlonlng or the metabollsm ‘of
. : ]

ACh. .

. ) . - ’ . "" . ' .

a) Effects on Steady-State Levels in Whole Brain or Some

-

. l. Discrete Areas: S ' _ . ' P

-

~ -
E

CNS depressant drugs ‘such as pentobarb1ta1 (Glarman and Pepeu, 1962),

rthlopental (Beani et al., 196%), chloralose (Glarman and Pepéu,‘1962),
o .
dlazepam (Consolo et al. 1972), morphlne (Glarman and PepLu, 1962

Merali et alt 197&), nalorphlne and cyclazoc1ne (Howes et al ’ 1969)'-

4311 in&reese the-fotal bragn ACh levels. None of these drugs alter the 3
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rcuptake'of choline (Hemsyorfh'et al&, l§7l), o N o o 'L E
\ - . .

&eserplne, unllke other CNS depbedsants decrease braln ACh content,

i
PR
,

thma effect may be secondary o the catecholamlnes,and serotonln deple- ! ;;‘
.. Rl )

."i.ﬂ tlng action of\thls drug (Beanl et al.,‘1966). e

£

Convulslng or tremorogenlc agents e. g pentylenetetrazol (Slater 1971), o

p,p* DDT and alphaqchlordane (Hrdina et al. 197lb Hrdina et al , 1973)

_ decrease ACh-levels‘ln the cerebral cortex or the striatum. .. ©oh

. . . - . Y, . 0 N
L] .

All ChOlIUEPglC agonlsts tested enhanbe the concentratlon of total _
braln ACh (Cox and Potkon]ak 1969, Bartollln1 et al , 1970, Haubrxch and
L | held 1972), whlle acute admlnlstratlon of antlchollnerglc drugs (e. g

-

atroplne, scopolamlne and benactyzlne) ‘results ‘in-a peductlon of ACh

levels in the whole‘braln (Glarman and Pepeu 196& Glarman and Pepeu, ".;

I 1962), cortex and basal ganglla (Hrdina, 197u "Giarman and Pepeu, 1962,‘ ) {’_\3

Flnk, 1968). S S .,f'

b) .'Effects_gg Synthesis. S te

Hqi. Inhlbxtlon of Chollne Aggtylase -Krell'and Goldberg (1973)

?rreported that two styrylpyrldlne analdgues, NVP (u [l—naphthylVLnyl]- .
pyrldlne) and €S {3-chloro-u- stllbazole) produce a dose—dependent inhi-

. bltzon .of. ChAc in the mouse braln However these compounds do not’ .
lower ACh in the bnain of qulescent anlmals suggestlng that the concene—~
tratxon ‘of ChAc 15 not ‘a rate 11m1t1ng factor in ACh synthes;s ‘:. :_ . _(

Inhlbltlon of Choline Uptake. Intraventrlcularly injected
.
hemxcholln;um-a and trlethylchollne (Slater 1968) reduce the amount of

.brain ACh by blocklng chollne uptake Decamethonlum, hexamethonlum,

tetrameth ammonlum "d-tubocurarine and physostlgmlne were all found to

4
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inhibit the uptake of choline by isolated synaptosomes (Hemsworth et al

7. Ty L
) Effects on Subcellular Distribution. .'V _ . ::. .
Crossland and Slater (CrosSland -and Slater 1968) found that anaes- . : .

c)

T ‘__

thétics (ether, urethane, chloralose and pentobarbltal) increased the

(extracted with eserlhlsed saline) and 'bound' (ex{gacted w1th

'free

1]
acld ethanol) fractlons of total brain ACh to the same relative extent.
'free' part coqpesponds to the Cytoplasmlc and the bound to, the

Tremorine and eserine 1ncrease 'free'

4

synaptosomal fraction of Whlttaker.
and 'bound‘vACh whlle atroplne (Crossland and Slater, 1963), desmethyl—

.
e .
" imipramine, and resdrpine. (Hrdlna and Llng 1973b) alter the ratio qf 'free .

ACh.. L
(Bean1 et'al., 1969) further subd1v1ded the bound ACh
bound fractions correspondlng, accondlng ..

* )
and 'bound’

A Bééni et al.
‘.into tne 'labile' and 'stable
to Whlttaker s scheme, to ACh in synaptosomal sap and ve51cles reSpect-
aesthesxa (thlopental, gamma hydroxybutyrate)
¥ b
Admlnlstratlon of eserlne )

1vely They found that aw
increased all but the 'stable bound' fractlon.
produced - greater increase 1n\‘free' ﬂhat in 'bound' ACh fractlon. Convul-

o :
sive doses of pentylenetetrazole (BO mg/kg) resulted in marked decrease
bound ACh wlthout

\

in the concentratlon of both "labile' and stable
These flndlngs support the view that

alterlng the ‘free' ACh fractlon.
the‘three Subcellular ACh fractlons may have dlfferent phySLOloglcal

;
»

51gn1f1caace. '
Effects on Release. .
Development of the *collecting cup technlque (MacIntosh and 0b0r1n,

9

d).

-
- -
. -
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.1953-, Mitchell, 1963) has greatly: facilifated the studies on the effect of -
. . v
depressants such as cyclopropane, morphlne, pentazoc1ne, ether etc wereé?$f
shown to suppress (Bean1 et al., 1968 Mltchell 1963, Jhamandas et al., ‘

dlfferent drugs upon ACh release frbm the exposed cerebral cortex., CNS~

1970) whereas CNS stlmulants such as- strthnlne (Beleslzn et ‘als, - 1965),

I
" D- amphetamlne (Hemsworth and Neal 1968) and plCPOtOXln (Szerb et al. 1970)

by

;‘etc. enhanced the release of ACh. from the cerebral cortex._ A9- THC was

»
L}

:.reported to reduce cortlcal ACh release (Domino and Bartollnl, 1972) and
to elevate total brain ACh levels (Domlno, 1972) resembllng in thls o
respect the CNS'depressantsms- _ e I
oo e " . ’ g . ’ R ‘
Horphine mepenidine*and-methadone.have been shown to decrease the . . .

\__k .

-

tin v1vo' release of. ACh from the cortex and other braln areas 1n several
‘ .spe01es (Domlno et al 1973 Beleslln and Polak 1965 Jhamandas et al.,
1971) ThlS effect can be fully reversed by narcotlc antagonlsts (e g.
_ naloxone) (Domlno et al., 1973, Jhamandas et al., 1971) It has also
'been demonstrated that tolerance develops to the antl—release effect ofd
morphlne (Jhamandas, 1973) as wellias to the morphlne 1nduced increases
in total braln ACh (Large and Mllton, 1970) Bomlno and Wllson (1973)
-'showed that morphlne and related narcotlc analgeslcs prevent the heml-_:
chollnlum-3—1nduced ACh depletlon "and that both a mlxed antagonist like
- nalorphlne and a pure antagonlst like naloxone can abollsh thls anti- l. ‘{;
.depletion effect of morphlne The above mentloned as well as.otherp':';
related evidence (Crossland 1970 Merall et al.,.1974) suggest that the
hyperactlvxty seen durlng morphlne w1thdrawal syndrome might, dt least -

-1n part,. be due to excess;ve release of ACh 1n br in. Support for: this.

suggestlon is galned from the reports that the abstlnence syndrome in -
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Pepeu 1967) The increase in ACh release by amphetamine"and‘DL-DOPA .

.?“

man ob_animai can be attenuated by admlnlstratlon of atroplne (Crossland

1970) o '- . ‘ o S - ‘ e
Antlmuscarlnlc drugs such as atroplne and scopolamlne were found to

‘enhance the cortlcal retease of .ACh (SZQrb et al., 19703 Bartolllnmland_

is’ probably medlated Xthrough the-release of noreplnephrlne and formatlon

. of dopamlne, respectlvely, both of these amines may in turn stlmulate ;

a cortlcopetal chollnerglc pathway (Beani and Blanchl, 1970 NlStPl et alds,

'_1972)

e) - Effects on Physiological Dispositicn{

1) Inhlbltlon of Acetylchollne Esterase Parenteral admlnlstratlon

1

.of AChE lnhlbltOPS sucﬁ as’ eserlne (Howes et al., 1969) TEPP (Glarman and -

3 '. : e

, Pepeu, 1962), DFP- (chhaells et al., 1954) apd Di- sﬁston StaVEhoha et al.,

j 1969) produces an 1ncrease of total brain ACh levels. Holmstedt ‘and

coworkers (1967) found a dose dependent relatlonshlp between the lncreaees

. o
" of bram ACh and AChE 1nh1b1tlon. The CNS effec:ts of ant:. &ChE agen‘ts “-':‘

ST

llke organophosPhorous compounds can be blocked by atroplne (Schaumann,

_ ;1950) j' e '".~ " ‘

ll) Effects on ACh Uptake. Several drugs (e.g. hemlchollnlum—a

tetraethylammonlum tetramethylammonlum and d tubocurarine) have been )

>

Jfound to lnhlblt the active uptake of chollne in the brain. These com-
pounds along thh local anaesthetlcs such as cocaine, procalne and T
- [ 3 ’ ‘
lldocalne (Llang and Quastel 1969b), autonomic drugs ‘like succ1nyl— o

.choline, eserlne, pllocarplne, nlcotlne, atroplne and oxotremorlne

. .

(Schuberth and Sundwall 1967), the narcotic analge31c morphlne (Schuberth

K]

- and Sundwali 1967) and the trlcycllc antldepressant desmethyllmlpramlne

e . . . -
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:tHrdina;and Ling,_19735) were shown %odinhibit the”'ihgvitro'.uptéke
.oﬁ ACh iﬁncerebrd-éoffical.sliéesj%n relativgl&-;&w tbéééntrations
(ki=lo-5:M - iOfB.M). ‘How-.(t:.‘_\.rern,.'pentt::ba.r*bi-t:a‘l,A amobarbitél; phloral
: .hydraté3 reserpiﬁq.caffeine, sodiLm'salicyla;e? f;entylenétgtrézb}e,

epinephrine and norepinephrine failed to afféct ACh pptake-évéh_in high
'-cpncentrations (lO_B‘M) Liaﬁg and Quastel;, 1969b; Schuberth aﬁd Suddwall,

!3195'7). o . L L S S
' - : s S o

fl- Alteratlons in ACh turnover.
The concentratQORkof chollne 1n 1umbar spinal fluld was recently used
1 .
as an 1ndex of.bra;n-ACh releaSe and turnover. Thelamount of chollne ln,

|-
the ¢erebro splnal flu1d (CSF) was found to increase \in patients during

’

‘ amphetamlne intoxication and to return to normal valu s after detox1fl—

) Lt

cation (AQUilomus etAal. s 1970) 'Th:LS clmlcal fmdl & is in agree-- ‘
ment wlth “the observatlon that amphetamlne greﬂtly enhances the releas o

a

i

of ACh from exposed cerebral cortex of experlmental anlmals (Dudar and -

Szerb 1969 Hemsworth and Neal, 1968)./‘Among drugs which éither decrease
_ACh turnover (oxotremorlne, nembutals or lnkrease ACh release (;trop}ne,‘
?amphetamlne), énly oxotremorine was found to produce a yqpked change

.j(decreasa) of chollne concentratlon in the CSF from d;;N; latqpé%W““

-

ventrmcles (Aqullonlus et al., 1970)... Althoug these experlmen s do not

L N

-offer a clear cut 1nd1catlon as to whether or not the choline in'CSF is ' ™ .

directlyfrélated.to brain ACh, future,studles along this line may Bring

baluable-informatioﬁ concerning the nature of this choline pool.
. ' . '\ ' . . . ) . - : . ' . ‘

LAY
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R + 2. BRAIN DOPAMINE ' S T
- o o L o I e
-fh. .Distributioh, Levels'and Metabolism ‘jc" - i o
o ' s LR o .
a) Introducthg,» ' - N SRS

L
‘!'~|

The notlon that dogamlne (DA) mlght have a role dther th&h ]ust as

a precursor of noreﬁlnephrlne was flrst-clearly expressed by.Blaschko_ln

1957 (Blaschko, 1957). 1In 1962 Hornyklewlcz and his group lq%euetrigdﬁ‘ér*ﬂ

. demonstrated a def1c1ency of dopamlne in the braln of Parklnsonlan.
» [ .I :
patlents (Hornyklewlcz 1965) stng fluorescent mlcroscoplc technlque

'1t was found that the dOpamlne contalning cell bodies of nerve termlnals

- .
e ' . -

in the strlatum are located in substantla nlgra, namely in its pars
“b-""‘- BRI '

compacta leslons produced in substantla nlgra of rats resulted in
&

'51gn1f1cant loss of DA in the 1p51lateral striatum (Andenset al., 1964)

S - . - .
[} 3 . “ . S . .
. ,__ ‘
PR - Al .

b)ﬁ'Drstrlbutlon of DOpamlne m tﬁc.B:eam SR - ‘
O - L .
. g .

The hlghest concentration of dopamlne 1n the rat braln is found in -

the caudate_qrga (3.8 ug/g) and the lowest one 1n the cerebeléa@; The . X
. - M’ T - .
‘ mldbraln contalns about 0.42 ug/g Slmllar pattern of dlstrlbutlon is

'found‘ln dlfferent animal’ spec1es (Bertler and Rosengren 1959) ' In man ,
the hlghest concentratidﬁé of DA, are preSent in the putamen (8.25 ug/g)
and caudate ﬁhcleus (5*7u ug/g) (Hornyklewlcz 1956) 7 ;‘ : N ]

—_—
c) Methods for Measuring Braln DA Content

Chemlcal methods of DA%Eﬁtlmatlon are preferred to blologlcal assays .

. P T
s because of hlgher sen51t1v1ty of the former ones (Laverty andsSharman,

-
e S
éﬁ&&ess) . Basically, there are two chemlcal methads ava;lable, both depen-

Y

dent on the formatlon of a fluorophor from dopamlne. In the flrst method

- - . -
= L . =]

LAt

4

,
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catecholamines are condensed with ethylenediamine to produce the,

,. . * ] -

fluorescent compound (We&l Malherbe and Bone, 1957) The'najor”criticism-

-

of thls méahsﬁ lles in its lack of opec1f1c1ty The second chemlcal ‘

’ method of estlmatlon, w1dely ueed by varlouo 1nvestlgators 1nvolves
<. . .

.

conversion of dopamlne lnto,gafig ole_@&pivatlve {by oxldatlon and treat- -

i (R . ) -
ment wlth alk&ll) whith then‘gFUwega-f1UQrescence in ac1d solutlon'
. Y h‘h‘&_..__‘ L i ar ES .
. (Carlsson and Waldeek “1958). K -
T .' '_\ [ . s . o l .
- 3 B AR : . . | Y .
.\‘_4 . I'IIP' LY - .- . - .

. -

d5 MetabGIism of Brain Dopamlne _)“

[}

i) Synthesxs Dopamlne in braln lS syntheslsed from L—tyrog;ne
- . -:.ﬁf

- whlch is converted to L- dlhydrox phenylalanlne (L DOPA) by L tyro°1ne "
poes R ’
hydroxylase. AL-DOPA is converted to dopamlne qy Lo DOPA decarboxylase _4

(Hornyk1ew1cz, 1966). Both tyr051ne hydroxylase and DOPA decarhggylase show .
st-r
the highest act1v1ty in the. sept?m—caudate area (Porchen ana Heller, 1§72)

o
»
ke,

e . ii) Storage ‘and Release. (a) Subcellular Dlstrlbutlon The 5":-'“

l"’

r .

o ) Ta
terminals of d&ﬁégénergic neurons, fonm var1cosxt1es Whlch show osmo-
. ) - .

. T Tha 42 - ~ -':" .j -
philic dinsecore 'granug‘ontalnmg DA and ATP in a ratio of 4:1. The:  Twes
il . A <. o .

S
1ntragranular DA constltutes the storage pool which is in equ1llbr1um

w1th cons;derably smaller mobile pools w1th1n the granules agﬁqg;tOplasm

(Axelrod 1963). (b) Release. Ev1dence of‘Felease of dopamlne in the e
», L .
"CNS has .been obtalned by puzzﬂpull cannula technlque.‘ Electrlcal stim--

. -

ulatlon of the nucleus centr medianus thalam1 in the cat Wwas shown to

1ncrease the output of DA from the caudate nucleus and the stlmulatlon .
“ i

. . of subStantla,nlgra to enhance DA nbleaai'from the‘putamen (McLennan,-nf “'

. ) . -~ :
. - . . - . = .
- 1968). S 3 .
s . 4 .‘ * . . . N * ‘
i e : . 7 \ ‘
- LS ' o -
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}-.f0p the bemoval of released DA from the synaptlc clef;_(Coyle and

e

, l. ; . '. " : . . .
3ii) Physiological Disposition: (a) Enzymlc Destruction. Released

* DA may be deatroyed b%,two enzymes monoamlne oxzdase (MAO)and catechole-

o-methyl‘fbﬁnuferaae (COMT).. MAO acts upon 1ntr?cellularly ;‘ggased

DA, and COMT on the extracellularly released caxecholamlne (K0p1n, 1968)
- ]
. Homoyanllllc acid. (HVA} and dlhydroxyphenylacetlc aC1d (DOPAC) are the

.major end products of DA” metabollsm. (b) ReuEtake. Ev1dence lndlcates

that a spec1f1c actlve transport mechanlsm located ln the presynaptlc

'membrane exists in dopamlnerglc neurons and may be in part respon51b1e

.

. Snydér.lQGQ). e T , L Lo . E S

ce) Ontogenlc Dewelopment "of $ra1n Dopamine 3 _ B , oo
\’.. .4 - . : .
The concentrations of dopamlne and noreplnephrlne 1n the neonatal
v

braln of several specxes are well below those seen in adhlt anxmals

'_(Karkl et al., 1962 Agapkal et-él., 1966) The developmental patterh

of enzymes 1nvolved in the blosynthe51s (HcGeer et al., 1967; Bberle and
. A0
Elduson, 1968) or degradatlon (Nachmlas, 1960 Pryor 1968) of these

brain blogenxc amlnes §hows ;nﬁreases 'in various enzYme ct1v1t1es w1th

' ) - ]

'1‘ age. The a¢t}v1tles of* DOPA decarboxylase- monoamlne oxldase and cate-

chol-d-mefhyl~transferase fgre found to 1ncrease at approxlmately same
’rate 1n dlﬁferent braln areas., In contrast tyr051ne hydroxylase actl- B

vity as well as noreplne hrx ﬁleVels attain adult values much earller
Y P

_ sequentlal evelopment of dopamlne tyrosxne hydroxylase and -DOPA
- =" r - u

.‘decarboxylas' 1n.the mesencephalon, the developmental changes of ‘this compound
. o . ) B 4 .-
"and enzyme ih the segtumecauqafe.érea are concurrent.‘ Thls_can be '

. : ; yr
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explalned by the Lngrowth of axona from the mesenoephalon and the
PPOllfePathH of bxochemlcally Lntact dopamlnergic nerve endlngs ‘ f:ij
. T A
(P0pcher and‘Heller, 1972). . ' _ .
W :,':i \ K o : . l
B, Effects of Centrally Actlng Drugq on the Levelu and Metabolism of
i Brain Dopammhe : : .o B
e

,y

*

., s well assympatfnmlmetlcs such as amphetamlne, mephentermlne and nore- .

i

Tha antlparklnsonlan drug L DOPA (Bartollnl and Pletscher, 1958
Hurtman et al., 1970) monoamlne Oxldase 1nhlﬁhtorﬁ pargyllne (Aghaja-
nian and Roth 1970) and tranylbypromlne (Valzelll and Garrattinl, 1968)
b a1l increase dopamlne content of the braln “In contrast, the antlcholl—-

.

nerglc agent, atroplne (0! Keefe et al y 19703 Perez-Cruet et al.; 1971).

plnephrlneifalled to affect braln DA levels 1n rat§ (Breese et al. 1970).

Among other drugs, reserplne and o-methyl DOPA were found t&Faeplete

brain DA stores, (Anden ‘et~ al , 1969) Phenothlazlnes (e.g. ch pproma-+

' -

21he) and butyrophenones (eig- haloperldol) in low dose enhance but in
\

-high doses decrease DA levels " the rat strlatum (O'Keefe et al., 1970).

\
Harked reductlon of braxn DA has also been observed after admlnlstratlon

of u;methyl m-terSLne “and G-methyl p- tYPOSlnéefAnden et al. 1969,

Spector et al 1965) : Gamma-butyrolactone was reported to !

' increase the cerebral concentratlon of dopamine (Gessa et al '1966);

-hydroxy-a amxnopyrrolldlone ~2 (HA 966), a compound whlch chemlcally

-

resembles the cycllc form of Y- amlnobutyrlc ‘acid was also found to en- -

' hance the DA content of the rat strlatum (Bonta et al 1971) Among o

narcotlc analge51cs, morphine has been reported to decréase for a short.

period of time the DA coqtent in the whole braln of:mice but to lncrease o
_ L, . .



Striata1 DA leﬁels'iﬁ the rat 1 hour after i.p. injection”of the dbug-
(Gauchy et al , 1973). ;H_;/;

~

a) Effects on Synthes;s

-methyl p-tyrosine 1nh1b1ts the enzyme tyrosxne hydroxylase and

-

thus decreases the.synthe51s of'DA (Koelle, 1968). Among other agents
"whlch 1nh1b1t tyr051ne hydroxylase are: 6 hydroxydopamxne (6- OH DA)

' (Breese and Traylor, 1970) and metaramlnol (Breese_et al., 19705

.On the other hand benztroplne, morphlne (Gauchy et al., 1973) and

'oxotremorlne increase the rate of DA synthesxs by lncreaSLng the a' l,
activity of tyr051ne hydroxylese Both DL-DOPA ‘and L-DOPA enhance ' ;
dopamine synthesis by increasing the availability of the.substrate - - |

© (Rinne et.al., 1971). L A ‘ ‘

b) Effects on Release. R

Release of DA from the 1ntragranular to the _cytoplasﬁlc pool is
faC111tated by guanethldlne and blocked by bretyllum and tranylcypro-
‘ mlne'(KoeLle, 1968). Release from tierve endlngs has been found to be .
',inhibiﬁed‘by the eompeund HA-966 (Hillen .and Noah, 197i;\ezf-f60111t3t€d.'
ey amantddine {Stromberg et al., 1§7d), T '$\_f .'

, _ : : | ; C N ,
.c) Effects of Physiological DiSposition . U

i) Effects on metabollc end products

Alteratlons in the levels of HVA and DOPAC have been con-
sidered as 1nd1ces of the turnover rate of braln dopam1ne.' Among druge.' Lo
which increase braln concentration of HVA in experlmental anlmals are:

PR

. * ‘ M
.'oxo;remorlne and eserine (Perez-Cruet et al., 1971). on the other hand:-
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- et al., 1970). Levels of DOPAC were fiound to be- enhanced by the compound

-~

HA-966 (Kopin;.lSBB), and redqced after\administration of reserplne

(Anden et al., 1963). .

~ii) Effectsion Uptake

. 1
-

'In v1tro' studles uSlng str1ata1 synaptosomes from.rat

: N ) ) g . . . < " - .
~ brain have,revealedithat antiparkinsonian agents, anti-histamines, tri-

cyclic antidepressanfs and phenothiazines reversibly inhibit the uptake
of dopamlne but show marked dlfferences as to their affinity for the

-uptake process (Horn et al., 1971) Certaln structurai features seem

to underlle the. relatlve select1v1ty toward dopamme neurons. -For ‘

1nstance replacement of alkylamlno side ‘chain by a troplne ring system-

:  enhances affxnlty ‘for the ‘dopamine upt e pnocessv The effect of anti-’

' parklnsonlan drugs on the uptake of strlatal dopamlne may play a role p
"ln the cllnlcal effect of these agents by 1ncreasxng the avallablllty of

»

thls amine at central synaptlc 51tes. (Snyder et al., 1970)

- E C. .. ' . - . .
e v . - .
H - 4 . . v o
‘ ' ' N 3 . . L : . -
. . .



" ing those of the neck). The electrical act1v1ty of the cortex lS

(50 to 60 per minute in the cat)» and fast waves w1th low voltage, L

-cortex.

23

3. BRAIN BIGGENIC AMINES AND ‘SLEEP
The 1nten51ve research of sleep processes during the last two

. decades has changed the cla551cal neurophysiological concept of sleep as .-

‘a pa551ve restlng State of -the braln to that of a heterogeneous and rather

]

complex succession_of active phenomena (Jouvet; 1969). Sleep can be

‘,broadly'classified into two.states: The first one has been called slow .-

wave (SWS)} In thlS state the animal has a posture ‘characteristic of

- N '
sleep,'the eyes are cldsed and the pupils are myotlc A degree of

'-postural tonus always remalns in some muscle groups of the body (1nclud-

. o

. characterized‘by spindles and_wlth high voltage slow waves.' After some-.

.tlme slow wave sleep changes into rapld eye movement sleep’ (REMS)

"N

fcharacterlsed by the loss of neck muscle tone, rapid movements of the eye

!

characterlstlc of the waking electroencephalogram (EEG) recorded from the

A. of ec olamines_ =~ °

[ As early as 1914, Bass 1nduced "sleep" in dogs applylng eplnephrlne

-

under the dura or into the_braln (Marlnesco,et-al., l929). Feldberg and

. associates (Feldberg, 1963) produced light enaesthesia‘or<sleep by intra-

’ s

i

{—

Y
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. ventricular 1n]ectlon of noreplnephrlne (NE) in’ the cat. -In one—month

old chlcks, who have ne effectlve blood braln barrler (Waelsch, 1955),
L]

systemically administered NE and.serotonln 1nduced SlQEP?llke patterns

in EEG -and behavlor whlle dopamlne (DA) induced arousal (Spooner and

’ Hlnters, 1965). However, in adult anlmals all of these agents produced
(
an arousal reactlon

Drugs whlch influence the levels and metabollsm Jf braln catecho-

lamlnes have been examlned ‘for their effects on, the sleep pa1tern In

.cats, dlhydroxyphenylalanlne (DOPA) glven i.p. flrst produced wakeful- ‘

ness w1th low voltage fast EEG act1v1ty, fdllowed by increase in SHS

fThls DOPA-lndUCEd state of wakefulness could be counteracted by

;-3adm1n1%tratlon of 5 hydroxytryptophan (Jouvet 1967) In young chlcks,'

':both DOPA and. DA 1nduced alertness (Spooner and Wlnters, 1967).
.rats, dlhydroxyphenylserlne (DOPS) 1n¢reased SHS with no change ln REMS
This increase was further enhanced by nlalam;de and u-njpropyl-s,u-
dibydroxyphenylacetamide, an_inhibitor-of catecbol-o—methyltransferase
:“‘(Havllcek 1967). R l‘ o

L-u -methyl-p~ tyrosxne (a-MT) Wthh reduces braln NE 1eVel was
'shown to 51gn1f1cantly 1ncrease SHS and to suppress both REMS and ‘
wakefulness (Torda, 1968) ‘Other studles 1n rats,.however falled to "
- shoy -a clear effect of thls compound on REHS (Branchey and Klsson \‘P73)
In’ cats, u-HT 1ncreased REMS, whlle in monkevs a suppresmon of REMS and
‘a’ proportlonal increase in SHS have been observed after admlnlstratlon |

' *
of thls agent (Wextzman et. al. 1969) In man,-a

small oral dose of a-MT was shown' to produce an }ncrease in REMS (Hyatt,

1970). Suppre531on of REHS was observed 1n cats follow1ng,adm1nlstra—




" 1965)-

‘ sleep, thus indicating the exlstence of a chollnorglc mechanism in the

.and assoc1ates in cats demonstrated chollnoceptlve hypnogenxc areas in

'the lateral preoptlc reglon (Hernandez Peon, 1962), the frontal cortek‘

tion of disulfiram,'u-methyljm—tyrosine<and a-methyl DGPA (Carlsson,

B. Cholinergic Mechanisms - . ™

Dikshit in 1934 produced a'sleep—like state in eats by injecting

a Small dose of acetylcholine (ACh) into'the lateral ventricle and the
L]
hypothalamus (leshlt, 1934). Injectlon of ACh 1nto various areas of

the braln stem retlcular formatlon (RF) between the caudal mesencephalon

PP

(and the medulla- in"eats lnduced cortical synchronlzatlon and behav10ral

-

.-RF area (Cordeau, et al., 1963) Extens;ve studles -of Hernandez Peon

(Mazzuche111 O'Flaherty, et al. 1967), the temporal lobe and the basal
\

ganglla (Hernandez Peon, et al., 1967), mldllne and lntralamlnar nuclei

-

of the thalamus, the anterior llngula of the cerebellum and the grey
matter of the spinal cord in the lowest-cervxcal region (Hernandez—'

Peon,. 1965). But a state of alertness was elicited by local appllcatlon

B
of ACh in certain other, areas of dlencephalon and in the mldbraln .

.

'(Hernandez—Pgon, 1965) Injectlonbof carbachol into. the mldbraln of .

cats (BaXter, 1969) produced REMS the effect belng antagonlsed by.

atrop;ne (George, et al., lgsu) Both pllocarplne and physostlgmlne

were shown to be effectlve in 1nduc1ng REMS in mesencephallc cats

e

-

(Matsuzaki et al., 1968).
- Among anticholinergic drugs, atropine was found to suppress ﬁBHS‘
in‘both normal and pontine cats (Jouvet,-1952)'and75copolamine to retard .

o)
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the onset a;duto diminish the‘tbtel ﬁﬁgynt;pf RéMSlie man (Sagales, et
' dl, 1969). .

Chlorpromazlne, an antlpsychotlc drug and 1m1pram1ne, an’ antl--
depressant agent were both shown to suppres REMS in rats, rabblts and
cats (Jouvet, 1961, Khazan, et al., 1967 Khazan and Sulman, "1966;  ‘
Hlshlkawa, et al., 1965) Pretreatment Wlth physostlgmlne or neostlgmlne
effectlvely blocked the lnhlbltOPy effect of . these psychotroplc drugs
on REMS (Khazan, et al., 1967). N

Acetylchollne (ACh) content of the rat braﬁn hds been ;ﬁewn to '
increase durlng sleep and anaesthe51a and to decreaSe durlng seizures
(Rlchter and Crossland, 19u9) Deprivationlof REMSlln the rat resulted‘

in nlflcant decrease of ACh 1n.telencephalon (Bowers, et al s 1966) L

However, total sleep deprlvatlon by ma.mtamlng the rats on a 24-hour ‘

av01dance schedule sllghtly increased the concentratlon of ACh in the

same braln reglon (Tsuchlya, et al - 1969)

' Neurochemlstry of sleep is a relatlvely recent field of 1nqu1ry

+

ﬂlthough the studles of the chemlcal changes in the braln underlylng

‘varlous states of sleep and wakefulness have suggested the part1c1-
patlon of some neurohormones such as acetylchollne, noreplnephrlne anq .

serotonln 1n these processes, the understandlng of thEIP role and

-interactlons requlres-funxher research.
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. A. Introduction e e G

"Llng, 1973) of this neurohormone by isolated braln tlssue. A recent

N

1. EFFECT OF TRICYCLIC ANTIDEPRESSANTS °

ON STRIATAL DOPAMINE .

* -

It has been well establlshed that 1m1pram1ne ~like antldepressant
)

" drugs inhibit the reuptake of neuronally released norepinephrine in the

c. N‘S. and thus increase the‘availability of this putatite neurotrahs—

©  mitter wlthxn the synaptlc cleft (Glowinski & Axelrod 1964). The

v

' 1nvest1gat10n of the pharmacologlcal lnteractlons of antldepressant ergs

,with central adrenerglc mechanlsms and wlth the metabollsm of brain-
' noreplnephrlne (Axelrod et al. 1961 Garattlnl et al., 1962 Glowlnskl

& Axelrod, 196u) have provlded the basxs for the 1n1t1a1 formulatlon of

- the "catecholamlne hypothe51s of affective disorders" (Schlldkraut, 1965)
"Slnce ‘then,’ however conslderable amount of ev1dence has accumulated sug-
.‘gesting the involvement-of not‘only noreplnepHane, but also of other.

brain monoammes such as serotonm, acetylcholme and poss:.bly also ' ‘

dopamlne in the etlology of affectlve disorders and in ‘the mechanlsms of

actlon of antldepressant ﬁrugs (e. g S]oerdsma et al., 19703 Sloane et al.,‘

1966 Benesova and Nahunek 1971; Klvalo,et-al., 1961 Schlldkraut, 1973)

‘Bv1dence 1nd1cates that 1m1pram1ne—11ke antldepressants (e - desmethyl—

1m1pram1ne) are capable-of reduc1ng the concentratlon of acetylcholxne

1n dlscrete areas of the rat brain: (Hrdlna et al., 1971) as well asof

: lnhlbltlng both the synthe51s (Hrdlna, 197u) and the uptake (Hrdlna and o

clxnlcal report of the allev;atlon of manla by physostlgmlne (Janowsky

et al., 1972) further supports the view" that alteratlons in brain acetyl-

,:chollne system are also lnvolved in certaln affectlve dlsorders and in

the mode of_central action of trlcycllc antxdepressants..



&

An'imbelance between the cholinergic and depaminergic-system
whlthln the striatum is thought to be an tmportant feature in

Parkinsomism (Connor, L967' Duvpisin, 1967 Kkawans, 1968) ‘It is of

‘ y o
'interest that both ‘mipramlne and desmethyllmlpramlne "have been
7

]
- . L e

reported to have a’ beneflclal effect on the Parklnsonlan symptoms,

allev1at1ng not only the depre551on, but also the Plgldlty and akinesia

(Strang, 1965; Laltlnen, 1969) Slnce chollnepglc dysfunctlon has been

4

suggested as a lxnk between depre551on and Parklnsonlsg*(Mandel et al:,

l <

-on the balanqe of acetylchollne and dopamlne in the strlatum mlght be;
a common bas;s of thelr benef1c1al effects in. both depressxon and

Parklnsonlsm. Although a short report by Alpers and Himwich. (1971)

1nd1cates that 1m1pram1ne can produce a moderate tncrease cf Jopamlne

'_ levels in the whole brain of rats, detalled 1nformatton on the effect

+

of imlpramlnlcs on the concentratlon of dopamlne in dlscrete braln

areas is lacklng We therefore decided to examlne the effects of

' lmlpramlne, desmethyllmlpramlne, amltrlptyllne and benztroplne on .the

‘
' ‘steady state levels of’ strlatal dopamlne in rats. '

.

" >

'.';B, Material and Methods . L } R Ny

a) Animals - - - ' ; 1g“.” f

~

.
: )

experlments. - , : . .

J- ' b) Experlmental Procedure- '

1) Tlme-Course Study ~A dose of desmethyllmxptamlne (DMI,

10 mg/kg) prev1ously shown to have a maxlmum effect on strlatal ACh

.
|

|

-‘Spraghe—Dawley malejrats’weighing lSQ.i 1o'g were used in these‘

1962), the p0351bllmty EXlStS that the effects of 1m1pram1ne llke agents




0

(Hrdlna et al., 1971) was admlnlstered to.g

"‘anlmals were sacrlflced 30, 60 150 ‘and 180

-

—

estimation ofidopamine.(DA). '-~ .

' 11) Dose- Response Study: Rats we
/’\

D!IJ(l 25, 2.5, 5, 10, 15 and .20 mg/kg) and

were estlmated at the tlme 1nxerval (60 mln
"'{n

- occured in the time-course é@udy

‘- .

| 111) Comparatlve Stuglr The effe

.'DMI (10 mg/kg) upon the . concentratlon of DA

compared with that of lmlpramlne (IMI), aﬁl
antlchollnerglc drug used ‘in parklnsonlsm,

Drugs were dlssolved in physxologlcal
perltoneally 1n a volume of 1. 0 ml/rat Co

equal volume of the vehicle. The rats were

the1r bralns were rapldly removed and ‘the s

*;by Szabo (1972) and welghed on a torsion ba

o

c) Blochemlcal Estlmatlon of Dopamlne

roups of rats and the '
4

mlnutes later for the .

re given various doses of
the strlatal ‘levels of DA

) at which maximum changes

ct of a selected dose cf_.
iﬁ ‘the striétum Wés

" -

benztroplne (BENZ)

saline- and 1njected lntra-
ntrol anlmalslreCelved an
sacrlflced by a gulllotlnt '

trlata dlssected as descrlbed

lance.

Dopamlne was extracted and ‘isolate

.- method of Spano and Neff (1971).

Reagents

‘L. 0.4 N perchlorlc acid contalnln

% Alumlna (WOELH, neutral grade 1

7 -

‘3;'Tr15"buffer, 0.5 M, pH 9.
. 4. EDTA reagent' 37, 2'g°of disodi
.acetate dlhydrate was dlssolved

* - -

T

"

d by a sllghtly_modified

-

g 0.05% sodium metablsulfite"

)

+

um ethylenediaminetetra—..

in l M sodium acetﬁfe and

trlptyllne (A@,) and of an - .
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thervolume>bnought to”l'liter.' pH was adjusted to 7 by

adding 5 N.NaOH. .~ I IR
- 5. Iodine solution: ‘l.Ql g of iodine and 5 g o% KI were *
L '.dissolved in 100'ml of Jater. . .

6. Alkallne sulfite reagent dgone ml of 25% sodlum sulflte S
(anhydrous) was diluted 1n'; 51 of 5 N NaOH ]ust prLor to h

.'. use' - - ‘ l R . l. . . - . " -

7 Glac1al 5Eet1c acid.

AR 2 e o
R ' *Sxock solutlon of dopamxne (1n 0.01 N hydrochloriq'acld).

' - ' . - ,‘ 1

© The tissue samples nere homogenized in ice- cold 0.4 N perchlorlc

. I

_ aC1d contalnlng 0 05% Sodlum metablsulflte. The homogenate was trans-
ferred to a beaker and brought tﬁ pH 7-7.2. 500 m§ of neutral alumlna
 was then added on whlch dopamine was adsorbed by gently splnnlng a baru

_magnet for flve minutes. The supernatant solution was dlscarded, the .

. alumlna gas washed twice ' wlth dlstllled water and transferred to a »

' small glass column plugged at the bottom WLth glass wool. Dopamlne - g

i L ‘

‘ was then eluted with’ 1.9 ml of 0.2 N acetic ac1d and the yolume ~
adjustedlto 2.0 ml. with water..
: _ ‘ .. S
Dopamlne was estimated by using the.tfl-hYdroxyflndole method of
- Chang (1964).° One m¥ of the 0.2 N acetlc aCld eluent'was.broughtwto o
| pH 6. 0 wlth EDTA reagent. .To form a fluorophor, 0 2 ml of 1od1ne |
solution was added, followed in 3¢m1nutes by 0.2 ml of alkallne d
sulflte reage:$"and 5. mlnutes later by 0.2 ml of glac1al acetic acxd.
IThe flnal pH was adqusted to 4.4. ‘The test tubes He;e then 1mmersed

into b0111ng water bath for 10 mlnutés. After they cooled to room

' . o . , ) . -
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temperature, fluorescence was measured in an mlnCO Bowman spectro-
photofluorOmeter by neadlng samples at 370 nm whllm actlvatlng at 320 nm

Dopamlne content in tlSSUe samples was calcula "Eﬁfvom the callbratlon
" \

curve of the 1ntennal standard A portlon of’the cerebellum carrled

‘| &

through the procedure served as a tresue blank. : The recovery of

dogz?lne under. the above experlmental gpndltlons was. about 60%

————

S
" Buring the work on the methoddéggy of dopamlne estimation, we have

observed that the develbpment of fluorophpr depended on the flnal pH oo

of‘the'solutlon (after addltlon of all reagents) as, well as on the time ¢

~r . . . [,

}f/hea.ting Further-more, usmg an aqueous solution of iodine gave ‘us =
better reproduc1b111ty than the orlglnally used alCOhOllC sol tibn.

Accordlngly, we' have modlfled the method of Spano and Neff (1971) in @
“‘- T ' .
the follgslng a) An aqueqhs solutlon of KI- 12 was nied as oxldant,‘vb‘

b) ‘the OKldlZlng pH was set at 6.0; ¢) the acetlc ac1d-eluent was ‘..

. T -

neutrallzed with EDTA; 4 the flnal pH was ‘set at " gTH e) the immersion

Lant : <

in boPllﬁﬁ_water was extended to 10 mlnutes..f : . ‘ -

T Chemlcals o o L S ~ ‘

All chemlcals were of the purest. grade avallable. Glass

dlstllled water was used for preparlng the solutlons. Desmethyl-
¢ .
lmlpramlne hydrochlorlde (the actlve lngred;ent of Pertoframe) and . :

1m1pram1ne hydrochlorlc (the active 1ngred1ent of Tofranll) were - A

klndly supplled by Ge;gy CCanada) Ltd , amltrlptyllne hydrochlorlde and ..
v
benztroplne mesylate by Merk, Sharp and Dohme of6i3£éda Ltd. and B
v dopamlne hydpochlorxde was’ obtalned from Nutritiénal onchemlcals\ ff‘

LN

Corporation.:
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Effett of varying ddses'of'desmethylimipbamine
dnt in the rat. DMI was administered intraperitoneally

dopanine cont
and the anima

s were .sacrificed one hour later.

the &ean-valﬁe“from 6 animals; vertical bars in

. *Staﬁistically significant'diffe:ence'hhen-compared-wiﬁh the values

from |saline-treated controls (S).I .

(DMI) on the striatal

Each point.represents
dicate S.E.Mw«
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.fdrug Data presented in Plg 3 Shows that whereas the- lowest dose ofl

] ; N
'Statistical Evaluation‘of Resultsr . <\

Mean values, ‘standard errors of mean and the significance_of

,dxffer nces between means were calculated by programmed statlstlcal

R

T ana1y51s using Student’ s t -test. The dlfferences between means. have

been considered significant whenever the-calculated p values were less

tha-l'l‘ .b5‘.l : ' - - *
h C Results
a), Effect of Desmethyllmlpramine (DMI) on the Cgopntent of :
' ﬁopamlne in the Rat Strlatum o Ei ‘ R

The effect of varylng doses of DMI (1 25 2.5, 5,_10,‘15 and 20

'mg/kg) on the steady state levels of dopamlne in the rat striatnm was

lnvestlgated 60 mlnutes after the’ admlnlstratlon ‘of the antidepressant co

DMI used (1 25 mg/kg) falled to produce any appreclable chapge in the, ‘

'concentratlon of strlatal dopamlne, admlnlstratlon of 2.5 mg/kg dose

.

resulted 1n a 51gn1f1cant enhancement of dopamlne levels by u0% when

. L

"compared to those seen in matched controls When the dose of DhI was ,

increased to § mg/kgs a large accumulatlon of strlatal dppamlne_(lab%'

1'above control values) was observed after the B0 mxnute perigpd.

P

Slmllar 1ncreases were noted wlth doses of 10 and 15 mg/kg of DMI

In. contrast, the admlnlstratlon of 20 mg/kg dose of DHI resulted in
marked drop . of str1ata1 dopamlne content to 20% of that observed in

control animals. V(Figu.a).

' P v, NP o
The tlme -course in changes of strlatal dopamine ‘levels produced

by DMI (10 mg/kg) is presented in Flg 4. Dopamine content was
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Fig. 4: Efféct'pf desmethyiimipraminé (DMI, 10 mg/kg) on the‘striatal
' dopamine content in the rat at various time intervals after the

injection. DMI'was administered intraperitoneally.’ Each point
‘represents the mean value‘from 6 animals; vertical bars indicate
S.E.M.. ] | o '
AStatistically significant difference when compared with the.
values from saline-treated controls. — .« - :
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sxgnlflcantly enhanced already after 30 mlnutes and reached,maximal :

'.values (luo% above controls) 60 min. after the. admlnlstration of the
drug., Levels of strlatal dopamlne then gradually decllned they

remained however significantly elevated at 120 min. and attained the

B - : ’ [
range of control values at approxxmately 150 m1n Three hours after

the. admlnlstratlon of DMI the dopamine content in the strlatum was

l

'found to be mankedly decreased to only about-?l% of that obserVed in
N

: controls._ ‘It is of 1nterest that the dopamlne levels in the strlatum
f

of sallne treated controls were hlgher‘but not SLgnlflcantly than those

' ‘J‘.

- seen in non-treated anlmals¢

.

b) Comparlson of the Effects of Desmethyllmlpramlne, Imlpramlne,

Amltrlptyllne and Benztroplne on Strlatal Levels of Dopamlne

Slnce desmethyllmlpramine (DMI) was capable of prodocing'marked
changes in the concentratlon of strlatal dopamlne, 1t.was of lnterest
J‘; to examlne whether a 51m11ar effect can be lnduced by other antidepres—
'”'sant drugs of this class, such as 1m1pram1ne and amltryptyllne or by. |
‘benztroplne, an antlchollnerglc drug used in treatment of Parklnsonlsm

Data presented 1n F1g 5 show that the admlnlstratlon of both
imipramine.(IMI) and amitriptyline (AMI) in a dose of 10 mg/kg resulted |

-

after‘ﬁo min,lin an enhancement.of striatal. dopamlne levels slmllar
. to that seen. after the same dose of DMI. In contrast benztropxne
(BENZ) in a dose of 10 mg/kg produced a lesser, though Stlll 51gn1f1cant

_ 1ncrease ln strlatal dopamlne content. ' . e
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Fig. 5:

‘Effect of imipramine (IMI),

AR STRIATAL _DéPAMINE (pg/g)' -
o

DM~

(AMI) and benztropine (BENZ) -on the str

" the rat. - Drugs were administered 1.p.
the animals were sacrificed 1 hour later.

AMI BENZ

desmethyliﬁipramine_(DMI), amitriptyline

iatal‘dopamine‘content in
in a dose of 10 mg/kg and
Control rats were injected

by saline.

gram of fresh tissue.

six animals.

Dopamine- conc
Co

entration is expressed in micrograms per
lumns represent mean values * S.E.M. from

Data are also expressed in percentages

(in parentheses) ‘

. taking the values of contro

*Statistically significant

‘of control rats (p<0.05)..

1 animals 100%. o o
difference when compared with the values
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D. .DISCUSSION .. .

The 1m1pram1ne llke antidepressant drugs have not only provided

. invaluable help to the mentally i1l but have served as chemical tools fop
studying the p0551b1e biochemical mechanisms underlying the disease state.
: Thetrlcycllc antldepressants have also been of scme_help in a;leniating
'.the symptoms of Parklnson s dlsease (Laltlnen, 1969)  There are

. nunerous experlmental data to 1nd1cate that the lmlpramlne 11ke compounds.
1nterfere with. the metabolism of braln norepxnephrlne and serotonln (see
Schildkraut, 1973). Recently, evidence has been presented that some
trlcycllc antldepressants, namely desmethyllmlppamlne are- also capaple
: of'reduclng the concentratlon of acetylchollne (Ach) in dlscrete areas
of the rat braln (Hrdlna et al., 1971) as well as of 1nh1b1t1ng both
the synthesis (Hrdina, 1974) and the uptake (Hrdlna and Llng, 1973) of
"~”thls neurohormone by lsolated braln tlssue. Slnce a balance between-
hstrlatal ACh and dopamlne (DA) is’ eon51dered to be 1mportant for the
nalntenance of undlsturbed funct10nal aCtLVlty ;n this lmportant braln

-

reglon, it was of interest to 1nvest1gate whether the: 1m1pram1ne 11ke S
agents would exert an effect on the- concentratlon of strlatal dopamlne:

Qur results demonstrate that the tPlCYCllC antldepressants tested .
timipram;ne, desmethyllmlpramlne and amltrlptyllne) as well as the
' antlchollnergxc agent benztroplne are able to. s;gnlflcantly 1ncrease the
_concentration of DA in the rat strlatum.‘ Thxs effect was clearly dose-
dependent as analysed thh desmethyllmlpramlne (DMI) hxle the lowest - 3 ' \
" dose of the drug (1.25 mg/kg) was lneffectlve, 1ncreasxng the dose to

2. 5 or 5 mg/kg- pr‘oduced dose-dependent enhancement in strlatal DA . ‘

concentratlon.- It appears, that there is a- ce111ng for DA levels




in the strlatum,.slnce 1ncrea51ng the dose to lo orils mg/kg did not" |
result in further 1ncreases of DA concentratlon. It is'oflinterest 4\
that the hlghe t dose of DMI used (20 mg/kg) produced an opp081te effect,
‘a reductlon in DA levels below thpse seen in control anlmals. The time-
COurse analy51s revealed that the maklmum increases in striatal DA
concentratlon occur 60 min. after DMI admlnlstratlon. Thereafter the .
DA levels decline and after 3 hours even drop below the control values.
Our findings of 1ncreased strlatal DA levels after treatment Wlth
trlcycllc antldepressants are in agreement with the observatlon of,
. " .
Alpers and Hlmwlch (1972) who f0und moderate 1ncrease of DA concentration
in bralns of imipramine- treated rats In this connection, it should be
noted that sometlmes even marked changes in reéldnal levels ofnbrain
blogenlc substances can be masked when measured 1n the ehole braln _ N
(Hrdina et al., 1971). The 1ncrease in strlatal DA content could be
due to l) 1ncreased syntheSLS, 2) decreased breakdown and/or’ 3)
decreased uptake of the neurotransmltter. There is experlmental
evidence to. zndlcate that trlcycllc antldepressants as well as bena~ .
troplne signlflcantly inhibit DA uptake by strlatal tissue (Horn et al..'
‘ 1971) amrd that benztroplne in: addltion actlvates DA synthe51s in the
caudate nucleus (Cheramy et al., '1973). The possxblllty thus exlsts
“that 1ncreases in strlatal DA seen in our: experlments may: have been
due to uptake 1nhib1tlon. The second phase of DMI effect, a suppresalon

of DA levels seen also with the hlghest dose of DHI used (20 mg/kg)

cannot be readily explamed One POSSlblllty is that the marked ' ‘

'accumulation of DA‘might have trlggered a negatlve " feed- back mechanlsm.




_1esult1ng Ln suppre551on 6f DA synthe51s and eventually of ltS concen—
Ll

tration within the strlatal tissue. Slmilar phenomena has been reported

)
v

for negulation of‘brain acetylchollne synthesis by Shankaw1 and Shulman

.

.o
(1969):
The ability of tricyclic antidepressants to-inerease DA'concentraf{on

“in the strlatum may be relevant to the reported beneflclal effect of:

these compounds in allev1atlon of parklnsonlan symptoms which are:
ﬁ-‘_ .
believed to result from a decreased dopamlnerglc and enhanced chollnerglc

tone ln this brain peglon.

‘*. . . . . ) , L P
e L -

T o 1

It-is also p0551ble that DMI ‘not only lncreases -DA synthesxs but

1nereases ltS utlllsatlon which. is reflected in the depletlon of DA - ' e
level after 3 hours of adm1nlstratlon .of DMI (10 mg/kg) The thera-

peutlc effect of DMI in Parkgnsonlsm mlght also be due to "the 1ncreased

| utirisation df DA. - L R
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2 ONTOGENIC DEVELOPMENT OF DOPAMINE

' ACETYLCHOLINE AND ACETYLCHOLINE ESTERASE ﬁ

IN THE BRAIN OF NORMAL AND HYPOTHYROID RATS

oy INTRODUCTION _ .
| Avallable evxeence 1nd1cates that the ontogenlc changes in the -
chemlcal composxtlon of ehe mammallan braln parallel the process of

1matUnetion, whlch in turnis deeply 1nf1uenced by various hormones

Among th?m the. thyr01d hormone plays ar 1mportant role (Hyant, 1971). |

"Neonatal thyr01dectomy results 1n marked neurochemlcal changes in the

. developlng brain (Valcana and Timiras, 1969 -Pasquini et al., 1967,

Schwark eF els, 1972)'wh1ch are assoc1ated WIth altered funct10nal
activity, and may be'related te an imbalance in petative.neuhotransmltter
'substancee - . | | | | -..
Informatlon on the developmental changes in various braln blogenlc

amines and on the effect of neoJatal thyroxdectomy upon these parametersf
is rather llmlted‘ . He therefore deCLded to study the ontogenlc changes ‘
in the concentratlon of two putatlve neurotransmitters, dopamlne (DA)
‘ and acetylchollne (ACh) and in the activity of aceﬁylchollne esterase
'(AChE) 1n the braln of normal and hypothyrold rats. The questldn.of
;.whether the observed changes in the braln of hypothyro;d anlmaladcould
be‘reversed by spec1f1c treatment w1th the thyrozd hormone, was also.
1nvest1gated ' - ' -
- B, MATERIAL AND HETHODS
| a) Anlmals o | o

NewberhAéﬁrague:Dewiey rats were?heed_ihithese experimentsl:u

o




-

.‘ 1

b) Experlmental Procedure

' 1) Neonatal Thyr01dectg_1

HypotherLdlsm was 1nduced by a sxngle 1njectlon of 200 uCL of

Ilal on the day of blPth according to the method of - Goldberg and

: ~_Chaikoff (19u9). Thyr01dectomlzed anlmals and their control lltter—

mates- were sacrifleed on the lst, 7th, lSth 30th, 60th or 70th day by
deeapitatiqn‘gr using the ‘near freez1ng technlque of Takahashi and
Aprison (1964).

ii):Administratlon of L- trllodothxponlne to Thyr01dectom1zed Rats

In separate experlments, 30 days old rats made - hypothyr01d

‘in ‘the way descrlbed above recelved dally lnjeotions of L-triiothyronihe-

>

_(TE, 250 ug/loogday) for Yy days and were sacrlflced 24 hrs after the .

~ last injection.

iii) Sample Preparation
~ After decapitation, the, bralns of experlmental animals were .

rapldly removed and welghed One’ half of the cerebrum Wwas. used for the oot

-

‘determlnatlon of ACh and AChE, the other half for estlmatlon of

dopamine (DA). A portxon of cerebellar tlSSue was used for tissue

"
- -

) blank in DA determlnatlons

C. BIOCHEMICAL ESTIMATION

i) Acetylchollne Assgx - //};'
etylchollne was estlmated by u51ng the pyrolyszs—gas chroma? | f
tography method descrlbed by Szilagyi ‘et al (1968) The method. is’

'based on gas chrom?tography of the volatile tertlary amlnes obtalned

B by_demethylatlon of quarternary halldes at. h;gh temperature
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Fig. -6:
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An -example of a palibratioh curve fof acetylcholine determifation

of dimethylaminoethyl acetate and dimethylamlnoethyl_propionate is

. plotted against the initial molal ratio of acetylcholine and

propionylcholine. Varying quantities of acetylcholine iodide
were added to a constant amount of . propionylcholine iodide,
(10 nmoles) injacetonitrileﬁan@ carried through the procedure
(see text for details). ', o '

o

_ by using pyrolysis-gas liquid chromatography. The, peak area ratio




P

‘were removed and re51dual ether was blown of by a stream of nltrogen._. .

.‘*“.‘
The brain tlssue was homogenized in'acetonitrile containing 2%

trlchloacetlc aC1d (3.0 ml/g of tlssue), to Whlch 10, nmoles of’

' proplonylchollne 1od1de was added as lnternal standard.- After centr1~

-;fugation, an equal- volume of water was added to [the supernatant and

extracted twlce with equal volumes of dlethyl ether. + The ether layers

. The volume was made up to 10 ml w1th water and 20 ug of tetramethyl-n

L

" ammonium 1od1de was added as eoprec1p1tant. The quarternary compounds

'were_pred1p1tated‘by addltlon of 0 3ml 1od1de 1od1ne solutlon (2 g of

KI and'l 8 g of I in lO'ml of water)., The tubes were put on 1ce for

. \

approxlmately 30 min. and then centrlfuged The prec1p1tate was re--

dlssolved in acetonltrlle and placed on the platlnum rlbbon in ‘a

‘Nuclear-Chlcago.pyrolyzer w1th block temperature of 165° C Afterhfwf.

-\

'”evaporatlon of the solvent, the SOlld materlal on the rlbbon was

'pyrolysed for 10 seconds in ahalyze p051tlon. The volatile materlals

from the pyroly51s were swept onto an aluminum. column (8 feet by inch
~

_o .d. ) packed with 20% Carbowax 6000 on Chromosorb W (HHDS), 60 to 80

mesh, prev1ously condltloned at 180°C for 2u hrs 1n a stream of nltrogen
A Hewlet-Packard Model 402 gas chromatograph thh a dlgltal 1ntegrator
nas‘used for analys;st The temperature of the column was 135 c, of the
flame ionization detector 230 °c. The flow of nitrogen was 80 ml/mln,

of air 1 liter/min. and of hydrogen 40 ml/mln.' Standard solutlon of ACh
and proplonylchollne were assayed simultaneously with the tissue samples

\

to obta}n a callbratlon curve. ' The amount of ACh present in- the sample

-

_was: calculated from the peak ratlo of the demethylatlon products An exampléfw

of a callbratlon curve for ACh with proplonylchollne (PrCh) as 1nternal




B

Y
";'o-,\- ,
[Pt R

[+
'
‘ :
- . .
' ~
&pe
M
w L.
.
P 3 ‘
» g
T
\J‘-q.
e .
~ - .
-
-
-

i; Fig.:7:

. . Y
- - U -

+

Y
. =

RECORDER.RESPONSE
>

o 2 4.6
L TIME [MIN)

’
.

Chfomatogram of rat brain extract using‘lo nmoles of'propionylé;

choline as an intérnal standabd. "A" indicates moment of -
pyrolysis. Numbered peaks are: I-trimethylamine; 2-methyliodide;
3-dimethylaminoethyl acetate; and u-dimethylamincethyl prapionate.
See text for details of the assay. - L
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[
S -pH n reagent. After allowmg the mlxture to equ;.l:.br;ate for five | ‘

. \..,«_,,‘

=otandard-and a chromatogram of brain tissue sample are glven ih Flg 6 ’ roo

”ﬂﬂﬁ:
and 7, respectlvely "fﬁ'oug hands, the method proved to -be satlsfac—

I il ,._ SFoa.

. . e
Ltorily reproduc1ble and Jlelded values fortrxtabraln_ACh concentratlons

TEEETY .
which compare well with the flgures in recent. literature. - '""““'5:Lt~‘f°kn.:.
: - : : e
' BRI
ii) Determlnatlon of . Acetylchol;ne Esterase - . ST e
‘! . - . ‘Q-%-\}_'; . . . ' .
The activity of acetylchollne esterase was detehmlned colorime- . =

-trlcally accordlng to the method of Ellman et al (1961). The-prlnc;ple

of - thlS method, is the meaSurement of the r‘te of production of ‘thiocho-

R .

llne as acethylthlochollne (used as substrate) is hydrolysed by
v

,-chollnesterase. ThlS is accompllshed by the continuous reactlon of the

'thiol with dlthlobxsnltrobenzoate ion .to produce the yellow anion of

‘u

'- ~
v
5~thlon1troben201c acmd The development of yellow colour formatlon is
. .
‘measured at ul%;mu in a photometer tT
™ Samples of brain tissue, uo -60 mg, were homogenlzed 1n 0.1 M sodlum

lphosphate buffer (pH 8. 0) to produce a tlssue concentratlon of 10 mg/ml)

A O. 4 ml allquot of the homogenate was added to a standard cuvette

'contalnlng 2 6 ml of 0.1 M phosphate buffer (pH 8. 0), followed by lOO ul

of the d1th10b15n1trobenz°1c ac1d (DTNB 0.1 M, 1n phosphate buffer of

mlnutes, 20 ul of acetylthlochollne (AcSCh 0. 075 H) was added and the

.content of the cuvette mlxed thoroughly Readlngs were taken-at 412 my =

*

in a Unicam 500 photometer every 30-seconds for 3 mlnutes and plotted

on a graph paper. Act1v1ty of acetylchollne esterase was calculated J

-

" from the- slope of th line usxng a programmed statlstlcal analy51s and

‘was expressed as moles of substrate hydrolysud per min. per gram of

tissus x 10 6" Approprxate blanks contalnlng 2 6 ml of buffer and 0.4

T



k}of homogenat were TUun 51nultaneously.

‘Concentrqtton of braln dopamlne was eatlmated'as described in

Section II, 1,Bjc.

YR -

Allireagenls were .of the puresx grade available. 131 (Atomic
Energy‘ofiCanada, Ottawa) waselnjected 1ntraper1toneally, L- tPllOdO—

thyvonine (T Slgma) was. dlssolved 1n 0. 02 mM NaOH and. admlnlstrred

- subCUtaneously Acetylchollne iodide and proprlonylchollne 1odgde

T

were obtalned from Nutrltlonal Blochemlcal Corp., and dlthloblsgatr0<u

[}

‘ ben201c ac1d (DTNB) from Aldrlqh Chemlcal Co
The results were subﬁected to the same statlstlcal analy51s §s '
o . ™~ ) I~
“dé9cr1bed 1n'Sect10n I, 1,B. :
" C. RESULTS S L I

a) Effect of Neonatal Thyr01dectomy on Body and Brain Growth

o~

'«j\~ As expected; the thyrgldectomlzed (Tr) rats by about the - . ‘,»‘ .

igns of‘expenimental cretinlsm. These'
,! .
, eyélld dys]unctlon, elevgtlo of :

.. fifteenth day displayed'typicai‘

1ncluded markedly retarded grow

-pinnae and snout elongatmn. I &dth]étlon, hypothyr-md rats appfar'ed ‘
listless and relatlvely lmmoblle. Their hair was dry ang, coarse and”

énhe animq‘s exhlblted a bi lateraily symmetrlcal alopecxa of the =
-~

bdom1na1 ‘and flank reglons. The mortallty rate 1n thm thyrozdectomlzed

rats ‘was about 30%. ' . o
Fig: 8 shows the inéreases in body welght between day l and 70 of _ .
postnatal life in ndfmal”and Tx rats. ﬂhereas there was no dlffgrence ': -

“in body welght of control and experlmental anlmals of, the 7th da§ after

.blrth, the body welght of hypothyr01d anlmals was markedly lower and

represented only 58! 33 and 25% of that 1n controls at. ‘the. 15th,_30th_
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Effect of neonatal thyroidectgmylon.the development of the rat
Brain weights (mg wet wt,) of normal Sprague-Dawley rats
at ;various stages of pqsfnbtal life are compared-tg those of :
animals made hypothyroid b injecting 200 uCi of-I‘gl intra- -
peritoneally at day 1 of age. Each point represents means value
rS.vE.M. from six rats: . : ' : -t L




and 70th day, respectlvely

Developmenfhl change* in braln welght are Shown in Fig. 9;'*Breinsi
"

'of'control as well as of Tx rats grew fastest in the perlod between the

)

© .lst'and the 30th day The developmental pattern of 1ncreases in brain’

weight of Tx animals was‘51gn1flcantly lower, attalnlng only about 80%.

'of the control values. S ! ) 1 '-' ‘ .

~

b) Effect of Neonatal TherLdectomy on the Developmenf Pattefn of

,"-Bvaln Dopamlne, Acetylchollne and Acetylcholine Esterase.
' . »

' A comparlson ‘of the ontogenlc changes in the concentratlon of'
dopamlne (DA) in bralns of control and hypothyro;d rats is presented 1n'

i . )¢
'Flg 1l0. Dopamlne content in the brains of control anlmals 1ncreased

sharply up to the 30th day, when it almost reached the adult values. .
Nednetal thyr01dectomy markedly retarded the observed developmental
'changee in_brain DA, which in 30 days hypothyr01d rats was only MS% of

the controlivalues and’ then increased slowly 1o, attaln 78% of controls {:"

at day-70. . ) . .

‘Fig ll shows the changes in the concentratlon of'eceiyiEhbi{ne
(ACh, nmoles/g of wet tlssue) in bralns of control and Tx rats, durlng
'post-netalflife.‘ In control rats, ACh levels were low at early stages .

of.development and 1ncreases gradually to reach adult values of Qore

‘nmol/g.a‘t the 'fOth day - Concentratlons of bram ACh in Tx rats were ' .

‘consistently above those seen in controls, belng 51gn1f1cantly ‘higher

[

| '(by 49 and Bu%) at the 15th and 30th day, respectxvely
| The act1v1ty of AChE in the developlng brain of normal and hvpothyf

‘ roid rats is reported in Fig. 12. 'In control anlmals, the AChE acti-

' vity increased sharply (S times) between the.lst and the 30th day of



S o '4 1]
K "'i s
-
- ICE
f . et
- ’ a
c/. "'3’
. . ¢
- i | o
oz .
oc . [
e . o) . i . .
» - )
0___[ 1 1 ] ] 1 | 1 T

) o 30 50 - . 70 . = |
-~ Y DAYSOFAGE . -

Fig. lpi‘ Effect foneonatél thyroidectomy on developmental changes in. ..
- - brain dopamime. Brain dopamine concentration (ug/g wet- tissue)
of normal Sprague-Dawley rats at various stages of ‘ontogenesis’ -
is compared to that of their littib-mates made hypothyroid by

an i.p.- injection of 200 uCi .of 1 3l‘on the day of birth. Each
point represents mean-value t S.E.M..from six rats. |

L - Lo [ . B : e




Fig. 11:
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brain acetylchollne Concentration of braln.gcetylchollne

V;'(ACH, nmoles/g) in normal Sprague-Dawley rats at various stages. .
of postnatal. life is compared to that ‘of their lltter-mates

made hypothyro;d by an i.p.-injection of 200 uCiof I 3; on’
the day of birth. Each point represents mean values .% S E H.
from six rats. . . - o

’ - y




-6

. _an__.
o -
l

o T
L X 40

<

e SN .

€ 30

g

} o

2 20 SN
- " BRAIN AChE
10 | :

jo 20 30 40 50 60, 70

° DAYS OF AGE

Fig. 12 i, JEffect of neonatal thyr01dectomy on developmental changes in
. Uprain adetylcholine esterase (AChE). Activity of AChE :
* (expréssed as micromoles of substrate hydrolysed per minute-
_:. per .g of tissue X 10"%) in brains of normal ‘Sprague- -Dawley
" pats at various stages of ontogen351s is compared to that.
" -in the brains of their litter-mates made hypothyroid by an
i.p. injection of 200 uCi of 1131 a¢ day 1 of age. Each
' point represents mean value * S.E.M. from six rats.
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.pestnatal 1ife and Sligntly declined thereafter. ﬁeonatal tnyroideetomy'
.failed to'Significently”alteq the brain.AChﬁ.activity, although Sémewhat
1ower‘values~(by 10%) . were noted in hypothyroid rats dn'the 30th daylpf
ﬁostnetal life (Fig. 12): | | | | |

¢) Effect of L-triiodothyronin upon the Alterations in Brain

Dobamine and Acetylcholine Produeed by Neonatal Thyroidectomy.

f
Treatment of 30 days old neonatally thyro;dectjmlzed rats Hlth

L-tri odothyronln (T3) for a perlod of 4 days led to 51gnlf1cant increase’
in the levels of brain dopamlne whlch was V1rtually restored to velues ‘d
_ seen in normal rats of the same age (Flg 13) The incredse in level of
: ‘Adé seen 1n brains of hypothyr01d rats was also abdllshed by T3 treatment
o 51gn1f1cant ‘effect of T3 treatment waSﬂdbserted on" the actxvlty of
AChE in the brain of.neonetally-thyrqldectenlzed rats (Flg. 13).
D. DISCUSSION - P '
. Our data’ conflrm and extend earlier flndlngs‘(Hamburg and Flexnen,
’ 1957 MacCaman and Aprlson, 195u Valcana and Tlmlras, 1969; Abdel- Lat1f
et al., 1970; Schwark et al., 1972) that the most pronounced changes in
‘the biOChemical maturatlon'of the CNS occur 1n-fhe perlod“when,the ‘ 15
brain grows fastest and demonstrate that the development of experimental :

-

cretlnlsm 1s assoc1ated wlth profound alterations in the concentratlon

'“ )
ot

of braln dopamlne (EA) and acetylchollne (ACh)

- Sharp 1ncrease in braln DA from low values at early stages of post-
4

natal development to. almost adult values at 30th day is im agreement

' Hlth earlier flndlngs of low dopamlne levels in the neonatal braln of

‘several spec1es and with the recent report by Porcher and Heller (1972)

—
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| Effect of L-triidothyronine treatment.on dopamine (DA} and -

acetylcholine (ACh) content and écetyicholine_esterase'(AChE)

activity in brain of neonatally thyroidectomised {Tx) rats.

Animals were thyroidectomised by an i.p. injection of 200 uCi

of 113k at day 1 of age. Groups of 30 -days. old Tx rats

received daily injections of L-triiodothyronine (T, , 250 ug/

) 100g) for 4 days (Tx+T ) and were sacrificed 24 hrg-after the
last injection along with non treated hypothyroid animals (Tn) _
and controls (C). Concentrations-of brain DA, and ACh and the

activity of AChE are expressed 'in percentages taking the values -
of control animals of the same age as 100%. Columns represent
mean values * S.E.M. from 5-6-animals in a group.

*Sfatistically'sigﬂificant difference when é?mpéred with th
~values of control rats (p<0.05). : e

+Statistically significant differenég when compared with the °
.values obtained from neonatally thyroidectomized rats riot




who. elso-observed a'3'foid'rise of DA-1n rat eeudate“between'the gth and’
the 3lst day of age. , |

Developmental pattern 51mllar to that found for whole braln ACh in
'.our experlment was reported by Abdel Latif et al (1970) for, the appear-

‘ance of ACh in rat brain synaptosomes. Low braln ACh levels at &arly

_ stages of postnatal llfe correfpond well with earller flndlng of Cross—f
‘land (1951) as well as: wlth the low act1v1ty of the synthetlzlng enzyme, .-'

ChAc at the same age perlod, observed by Ladlnsky et al. (1972) These

[

authors, however, found the ACh content of the rat brain at dey l‘td be

“already 73% df'adult values and to attain.nearlyladult values at 30th o

.o

day. The transient drop in brain ACh concentration observed in our .

' experiments at the 15th day of postnatal llfe may. result from 1hcrehsed

utilization of thlS neuuohormone due to development of the chollnerglc

o -receptor system and/or to the sharp increase in AChE act1v1ty durlng this .

time period. . It 15 of lnterest that the act1v1ty of AChE attalned its ..

Lo '-maxlmum at the 30th day and decllned thereafter. Slmllar'observatlon

e 4 -

was made by Abdel Latlf et al. (1970) on the developmental pattern of

-

AChE in rat brain synaptosomés.

Neonatal thyroldectomy not only" lmpalred the normal growth of the

‘ body and of the’ braln but also markedly mfluen\!d the - developmental ‘

pattern of two putatlve neurotransmltters studled - dopamlne andf

acetylchollne. The concentratlon of dopamlne in 30 days’UId*nyputhyfa‘ﬁ‘“““"“‘

rats-was only us% of the cOntrol values.‘ In contrast brain ACh levels
in thyr01dectom1zed rats were at all times hlgher than those seen in

control anlmals. Thls was surprlslng and the reason for this flndlng

. —— -

'“is not immediately apparent. Accumulatlon of ACh 1n braln of hypothy—



] roid anlmals is not’ llkely to be due to. lts decreased‘hydroly51s, since |
'act1v1ty of AChE at early developmental stages was found to be unaltered
by thyroidectomy and was only moderately depressed at the 30th day
_Con51der1ng that the actlvlty of the synthetlzlng enzyme, ChAc is, ;h
»accordlng to Valcapa (ﬁ97l) and Ladlnsky et al. ,(197°)also slightly

X depressed in hypothyr01dlsm, hlgh levels of ACh mlght be due to a" iid \

_ decrease in: utlllzatlon of fhlS neurohordone in the braln of hypothyr01d‘

. ;anlmals. It is known that ACh levels vary lnversely w1th the degree
af - functlonal-act1v1ty of the brain and are hlgher than normal during

: sleep, under anesthesxa and’ in certain states of behavxorab depre551on
'gRlChtEP andlcrossland 19u9‘ Crossland and Slater, 1968) Accordlng

lhto aners (1981) and Myant (1971), hypothyrold rats show marEEd

. impairment in various functlonal and behavxoral tests It is. therefore
.concelvable that the functlonal hypoactlvlty in the brain of hypothyr01d

'.rats may result in observed accumulatlon of ACh. This in turn, by a

s
_negatlve feead- back mechanism may contribute to the suppre551on of the .
. 4
actlvlty of the syntheslzlng enzyme. The most marked decrease of

1

ChAc activity ln the braln of hypothyr01d rats (Ladlnsky et al. 1972)u

. occur‘% in fact dur'lng the same t:.me perlod ‘(from 15th day on) as the ‘

- accumulat;on of braln ACh..

dxnsky et al (1972) found no changes in braln ACh levels of.

‘rats mide hypothyro;d by prppylthlouracyl treatment untll the 30th day

when‘zﬁdecrease by 27% was noted However, they observed an, lncreased

“"“Eﬁﬁtﬁﬁtratlon of- choline in the brain of hypothyr01d rats between the
5th and 20th day of the postnatal llfe The differences between our

present flndlngs and those reported by Ladxnsky et al (1972) cannot




A

jbe'readily résolved. Théy may be~due to different methods used to

1nduce hypothyro;dlsm and/or technlques of ACh estlmatlon.

Ev1dence ‘for the spec1flclty of changes 1n the concentratlon of

dopamlne and acetylchollne in the braln of hypothyr01d rats was

provzded by experlments in whlch we found that treatmgnt of thyr01dec—

,.lf,.,'

'tomlzed rats wlth T3 v1rtually restored the levels of the neurotrans—-

mitters to values seen in control rats of the same age. Spe31f;c

1nvolvement of the thyro;d hormone has also been demonstrated in the

“control of glycolytic, enzymes (Schwark &t al., 1972) as well as in the

-

metabollsm of SePOtODln and noreplnephrlne (Raatogl and Slnghal,,197u

’,

',Hrdina et al., 1974) in the developlng rat brain. -*

o,

[

-yt
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3. EEFECTS OF SUBACUTE AND CHRONIC REM AND TOTAL SLEEP DLPRIVATION O BODY

3 \VI

‘ . .HFICHT BEHAVIOUR AND ON LEVELS or STRIATAL DOPAMINE AND ACETYLCHOLINE

r)

. E ‘.‘. W . . o . 5 T . N | .
‘A,- INTRODUCTION - ' ‘

.
‘I};'h' .,f_ In experimental anlmels, the behavxourel effect of REM sleep
deprlvatlon is characterlzed by 1ncreased respon51veness to external
‘.sflmull, 1rr1tab111ty and agre551vess (Jouvet,I1967) “In thlS .
e o
‘-condltlon, an enhanced tﬁ%hover of brain noreplnephrlne and 31gn1f1cant
'decrease‘Ln brain ACh levels wlthout concomltant alteratlons in levels
of noreplnephrlné and serotonln have been reported (Bowers et al.; 19663

’Hark et al., 1969; Schlldkraut et al., 1972) Slnce data on neuro-

chemlcal changes in dlscrete brain areas assoc;ated thh prolonged REM

v

e sleep deprlvatlon is lacklng, we dec1ded to 1nvest1gete the alterations. .,

[
]

in the levels of acetylchollne and dopam;ne ln the striatum of rats "
chron;cally deprlved of REM—sleep and compare them with those seen after

subacute-REM sleep deprlvatlon.

:8. MATERIAL'AND'METHODS

a) Anlmals
Male Sprague Dawley rats, welghlng 160 =200 g were used 1n thlS <

study R o o :

“ b). Experlmental Procedure

Deprlvatlon of REM sleep was achzeved by using the procedure

.descrlbed by . Llngand Usher (1969)Experlmentalanlmals were 1solated

e ) 'on amall plastlc 1slands, 7 cm *in dxameter completely surrOunded by

’

‘water (Flg._lu) The rats were permlted non-REH sleep, but were unable

w
A

‘to obtaln ﬁEM sleep Sane the ensulng relaxatlon of the muscles of the'

-
. - pi .
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Experimental procedure for REM sleep depn;vatlonl%n rats. T
e:gerimental gnimal is jgolated on'a small (7 cm in d1§meter). :
plastic island completely surrouhded_by water. Thehanlma;}has
free -access to food and water. ' L L
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.\\ ‘ . nka would cause. their héadé to drop inte the nqter. Ot%hbi%h&mals~;

‘-—rﬁg‘fh‘ﬂ\\vyﬂre blaced on larger (12 cm in dlameter 5lands "also edmpletely o - .

eurrounded by water.. Under thls-c1r mstance the rats were Lllow?d to .

M sleep-(Llng enq Ushep}°4969).‘ The
. \

re t and obta&n both non- REM and

wlrs
[RUPRYE

‘ experlmental anlmals had‘free access to food and water. Centrol g
fl‘: . : . "il
4 were plﬂEed in 1nd1v1dual cages kept ln\thc same room. The weigpt ofi
l

\ . .

anlmal wag recorded dally ‘ Some rat Werg 1mplanted with electrodeu
L

: \

“-into the dorsal hlppﬁcampus, the cortex, the external margin of the eye

‘.and in the muscles .0f the baek of the neck in order to pepmlt electro-
- : -l *

’encephalographlc {EEG), electnooculographlc (EOG) and electromyographlc

N _l (EMG) recordlngs durlng the above exper&mental procedure RN
i i Two separate experlmentg were carrled out. In one, the raté“Nere
r
isolated on.small 1slands for 96 houts (subacute REM sleep doprlvatlon),
. ' AN
1n the other,tfor 10 dé\e (chronlc REM sleep deprlvatlon) S
. * . . ‘\
Upon the termination of the experlments EPS rats were meedlately

-

le sacrlfxced by’ usxngg 'near freeZLng technlque of Tékahasx and Aprlson

B ' I .‘ A
(lgsu) After dec?€1tat10n, therhralnwaere rapidly removed, the o
' . ~ M
strlata dlssected asd welghed on a torsion balance. The loeomotor .
- LI
act1v1t1ea of REM sleep depvlved as. well .as, of conxrol rats were

.

measured dally by uding a.selective acE}v1ty me;er (Columbus Instruments,

Ohxo) . o SN | ‘ % - o ] |

o T ‘ Brain dopamlne was measured by a slightly dodlfled method of Spano .

‘r.' . ne ~
. hﬂ» ang Neff (1971) as descrlbed 'in section II 1, B, c.. Acetylchollne was .

- * .
estimated by usxng pyrolysxs - gas chromatography as descrxbed in T : ‘

1 — "section 1I, 2,'8, c. " S [ s i _ \f>'
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1
[l

All chemlcals were of the purest grade avallable ‘and glass distilled
water was used for, preparlng the solutlons ' L L - ""5 ¥
The results were subjected to_the same -statistical analysis as
' descrided in section II, 1, B.
C..RESULTS.

a) Bffects of Subacute REM Sleep. Deprlvatlon ' \*'

It was flPSt conflrmed from EEG EOG and EMG recordlngs that by
lSOlathﬂ on small lslands the experlmental anlmals were 1ndeed deprlved
of REM sleep A typlcal example of such recordlngs durlng.thelstates :
"of wakefulness, slow-wave sleep and REM sleep are shown in Fig. 15. |
Before the start of the deprlvatlon experlment (on the last day of

basellne recordlng), the 1mplanted rats had on the average 15 perlods

',of REM sleep (of average duration of 1.8 min.) Nhlch accounted for 13. 7%

#

of total sleep time durlné five hours of recordlng The depplvat1on
‘procedure dld not permlt any perlods of REM sleep (see Table, l)
although the. anlmals were able to1obta1n numerous brief PePlOdS of

!

t'slow-wave sleep - Immediately after the termlnatlon of the chronlc REM
sleep deprlvatlon procedure the recordxng has revealed a marked rebound
"lncrease in REM sleep to Lk, 7% of the total sleep time (Table l) S

i) Body Weight ‘and Gross BehaV1our

-

As-seen in Flg 16, the body welght of REM sleep deprlved rats. .

decreased durlng the first 48 hours, between MB 72 hours the anlmals

’ .

seemed to learn to cope with the stressfyl sltuatlon and their body

weight relatlvely increased durlng this period of time and rema1ned
. Y . . .
essentlally the same tilt the end of the experiment. ts placed on the .

glarge lslands dld not show much of the change in their body welghts when

s
L
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Effect of four days of’REM;Qleep déprigatioﬁ on -the body

.weight of rats,  8-A, mean values from REH‘sleep-d#prived

animals}?n:ﬁ);tl—-4ﬂ,,mean'body weight of rats placed on .
lérgg(l? cm)islands (n=4); o-o, mean values from control
rats’ kept individually in separate.cages (nw6).

Vertical bars indicate S.E.M.
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PERCENT CHANGE
IN BODY WEIGHT °
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Effect of four days of . REM sleep deprivation on the percentage change

in body weight of ratsg—taking the weight at 0 day as 100 per cent.
Each point represents mean value of at least four animals; vertical

‘bars indicate S.E{M. 4-A, REM sleep-deprived rats, f1---f1 rats placed

“‘on large (12 cm¥ islands; ¢---0,.control animals kept individqally

in separate cages; o—-0, control rats caged in groups.
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" Fig.- 18

PERCENT OF CONTROL

.Effect of subadute (u
“of dopamlne and acety
. mean values * S.E.M.

A1

200}
1501

100 -

are expressed in percenta

as-100%.

c, controls; sI,
; jslands (REM sleep-deprlved), LI,
~in dzameter) 1slands

N
days) REH sleep depriv
lcholine in “the rat strfatum. Columns represent
of at’ least four animals in each. group. Data
gés taking the 'values of control animals
rats placed on small (7 cm in diameter)

). 92).

ion on the concentratlon

anlmal placed on large (12 cm




ten’ 7

”-values noted in control anlmals (3 2 0.2

compared ‘to those at the beglnnlng of the experlment The‘body.height

of control rats, kept 1nd1v1dually in separate cages increased llnearly‘

L4

till 72 hourd but botween 72 and 96 hours showed a drop 51m11ar to that
seen in-aqdmals kept on -large islands. .

. Thé‘@ifferencee bet“éeﬂ:the control edd experimental groups become
mdre apperent wheh.the ¢hanges are expressed.ae‘percentages of the |

lnltlal body weight (Flg 17) wherees-there'is-an almost lineap weight

' 1ncrement in control rats, anlmals 1solated on large 1slands failed to’
'galn any welght and the REM sleep deprlved rats (on small 1slands) even
.lost some (more than 5%) of thelr 1n1t1a1 body welght during the flrst

two days and failed to recover it durlng the remalnder of the experlment

Fl

Upon the termlnatlon of the subacute REM sleep deprlvatlon procedure

-the rats were ‘agitated, aggre551ve and sho#ed 1ndreased 1rn1tab1l1ty in'

response to external stlmull. -

. ‘ _ _ o !
ii) Striatal’Dopamine and Acetylcholine
.l

AR

Concentratlon of. strlatal dopamlne was found to be markedly

. 1ncreased pot only in. the group of REM sleep—deprlved anlmals but also

- in rats. 1solated on larger (12 cm) 1slands: As shown in Fig. 18, the

“

1ncreases represented 773 ‘and 112% respectlvely when eompared ta the ‘

In contrast, levels of acetylchollne in the strlatum of both

' experlmental groups were sllghtly reduced to 91 and 92%, respeé;ively

' . oy

+

whep compared with Cﬂntrols (uu bt 1.9 n&ol/g).

‘ ,1) Body Welght and Gross Behav;our

v . . ' - . ' o : :
b) Effect’é of Chronic REM Sleep De’privation‘ . R | . ‘

. ‘,‘
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Fig. 19: Effect df chronic (lO.days)JREM éieep depr
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Changes in the body wgight of ratu placed for 10 dayr on small
' lslands (REM sleep- deprlved) in comparlaon Wlth those in control anlmala
are presented.ln Fig(flg. Control rats.in aeparate cages showed
normal incneases in body Weight wherea; the REM sleep- deprlved anlmals
. dlsplajed a two- phase decrease in thelP welght whlch at-the lOthlday
was actually below thet at the beginning of the experlment. fercentage
“changes in body weight (taklng 0 day welght as 100 percent) jn REM sleep—
.deprlved rats and control anlmala kept in aeparate cages are ukown in
Flg 20 - “. : ' : - ,‘ C e

After prolonged REM oleep deprlvat1on (for 10 days) the experlmen- -

L

" tal animals appeared apathexlc, exhausted and responded: less to external
stimull.

ii) Locomotor Activity -

. The locomotor activity of control as well as of experimental
(REM sleep deprlved) anlmals‘was measured da1ly at the same hour to.
avoid p0551b1e changes due ‘to the c1rcad1an rhytm.. As shown in Flg 21,
"the locomotor act1v1ty of the control group has, after an initial fall
‘durlng the flPSt two days, stablllzed around the values of approxlmately
?00 counts per 5 mln.<In eontrast, the locomotor act1v1ty of rats lsola— 1
\ted on smabl 1slands (REM sleep deprlved) d1d not show an lnltlal'drop

-and was-from.the second day on consx;tently hlgher (by about $0%) than

‘ that of control anlmals

111) Strlatal Dopamxne and Acetylchollne 3

Levels of dopﬂmlne and acetylcholine-in the strlatum of rats .

"chfonically deprlved of REM sleep in comparlson Hlth those of control .
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aﬂlﬁals are shown in Fig.- 22 Sihilar to subacute‘REM sleep deprivatipn,'
'S ]

_the .concentration of dtriatal dopamlne in rats chronically deprlved,of' -
REM sleep: was markedly 1ncreased, attalnlng a mean value whlch was 133%

hxgher Fhan that found- in the control group (3.2 ‘+ 0. 2 vg/g)-
' In contrast, alteratlonq in thc amount: of’ strlatal acetylchollne

Lo

- were bppbeite to those noticed after the subacute REM. sleep deprlvatlon

Flg 22 shows that acetylchollne levels in the striatum of rats 1solated

1

" on 'small 1siands for 10 days (chronlcally deprlved of REM sleep) were

v .

'51gn1f1cantry (p<0 001) hlgher {56.0 i 2.5 nmol/g) than those in the

'control group UH&H * l 9 nmol/g) C . ._- S o .!

D. DISCUSSION

+ }-

Our data 1nd1cate that REM and total sleep deprivation in rats

results in marked alteratlons of both chollnerglc and dopamlnerglc.
'mechanlsms in the.strlatum. Concentratlon of stnlatal dopamlne was

ﬂ 51gn1f1cantly lncreased after subacute and chronic REM sleep deprlvatlpn
by 73 and 133%, r‘espectlvely when compared ta controls. " Levels of | ‘
a etylchollne ‘in the strlatum were 51gn1f1cantly enhanced (by 28%) Lo
after chrbnic? but moderately decreased after subacute deprlvatlon of
"REM sleep ‘Eehaviou;al differences also seem to exlst between the sub-
'acute and chronlc REM sleep deprlvatlon. Whereas upon the termlnatlon Q-lf

of the subacute experxment the experlmental ammalr ‘weré agitated and -

F

aggreésiee; after prolonged deprlvatlon (for 10 cayrl *re fati -3} peares

pathetlc, exhausted and responded less to. ext-rfm._.t--

[N
-

‘,-spbacute and ChPOﬂlC deprxvatlon proceddrr,rez--

TN

¥ "‘-_

.loss 1n comparlson with control rats. o -;,_ .
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) & {t;is_gf interest\phat the latten,authipszound an epposite change, ‘y

‘_REM sleep remalns to be clanlfled.

role in®

Although it hau been Juggeuted that brain blogenlc amlne- may play'a

sleep mechanlama, their exact relatlonShlp to both nlow wave and '
. t - L]

Hherea serotonln Lu bellevcd to be

o

neéponsible for pfoducing slow-wave sleejg'horepinephrlne has been ©

mellcated in' the occurance of REM sleep periods (Joneﬁ et als,
. : *

Furthermore, accumulatxon of braln acet!~chollne durlng

L

1969;\

Torda, 1967)

aleep has been reported by Richter and Crossland (lgrg)

One of the approaches to elu01dat1ng the possible. role of blogenlc'

amines in varieus stage

3

of slcep has been the 1nvcut1gat1on of heuro—’ :

) chemlcal consequences of prolonged total and REM,uleep deprlvatlon. .REM

sleep deprivation in ‘rats wa, found fo regult in lncreased syntheala and
" .

.

utlllzatlon (Schlldkraut et ai., 1972) a' well as e hanced turnover ,
u

[Pujol et ali, 1967 Mark, et al.. 1969) of braln norepxnephrlne %hereas

Schildkraut et al.'(1972) reported that endogenous 1evela of noreplne-

.

phrlne in the whole brain o&rate remain Enghanged aftér 72 houra of
. ‘.

- REM sleep deprlvatlon, Tsuchuya et al. (1969) found marked decreased in

. the concentratlon of this amlne in the dlencephalon and meaencephalon

. of rats deprlved of REM sleep for 96 houra.

’ 4

3

. Bowera et al.

(1966) reported ‘that ratd deprlved(of REM sleep (and

L4 -

' !
. partlally of slow-wave sleep) show a 51gn1f1cant faLl (by 35%) in the

3

‘amouht of acetylchollne in telencephalon-withodt any soncomitanﬁ&changes

+
am

in-dienCepﬁalon and braxn stem. Reduct;on of acetylchollne levels in

uxhe striatum of rata deprxved “6f- REM sleep for 96 hourg found in our

" \

- .

exﬁerlmentu was-ulmllar to that ‘peported by Tchhiya et al.
telencebhalon, a Braym area 1nclud1ng cortex, caudatn and hinnocampu

r

for

. . - ’ /

v ' " . - ' ) . P

-
3 [
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‘. i ',,'
i.e.: n.incréase of. acetylcholine_levéls‘in tLeltCIGDCepharoﬁ of rats - [ ‘
after 24 hour" of total alcep depr1vat1on. ' . ' S . f

In all of the above utUdlEu the expcrlmental animals wefe deprived o v

of REM aleep for a maxlmum of 96 hourv We have cxtended the deprlvatlon'.

prpcedupe to 10 days. It was shown in preliminary expurlmcnt" that ;leep

deprlvatlon beyond this time perlod results in death of experlmental R

i

|

. ‘ .

‘ S anlmals.--Slmllar observatlon was madc by Morden et al (1967) Altera-_. _
tions in strixtal acetylohollne found in our experlments after chronic

REH.Sleep depri ation were opp051te to those pbscrved after the 96 hr LT

{deprlvatlon procedure._ It has been reported (Jasper and Tes sier; 1971)
™

- that durlng REM sleep the. cortlcal release.%i:)cetylchollne (whlch 19

‘ ' W-‘-
suppressed during the Jl w-wave. sleep) rlseéiﬁﬁ waking levels . fhe ) ?

possibility thus ex-l_,te that chronic, REM sleap deprlvatlon mvw resul

_5,-
e =T
i

reduction of acetylchollne release and lead to accumulatlon of thla

ohormone in brain ‘tissue. Another poss:Lble explanatmn may l{
from observatlon of Tsuchlya et al (1969) that 1n rats deprlggd

of totdl leep the telencephallc levels of acetylchollne were 1ncreased.

The depriv tlon of REH slcep in last daya "of our ch{gnlc deprlvatlon

‘experiment ight have_been accompanled,by total _g'-;‘ sleep depri-

vat10n as wayl, as it was in the tprcal experlment analyzed in Table 1,
e Y .

thtle a eptlon has been pald to the p0551ble role of brain dopa- o

L .- . ' [N \
(' mine in sleep mechanlsms " The adm1n1stratlon of ‘the precursor of

+ ]

dopamine, L- DOPA was reported to- supress REM sleep (prtzer et al 1971, t!s

Post et al., 1971). Qur flndlngstof lncreaaed dopamxue concentrdtlon_in A

S

. R ,L\\' the st(latum of rats deprxved of REM sleep for clthen 4.or 10 [ yﬁ in
- .{J | o
not at varla ce Hlth the above® obServatlona. However, Slmllar increases
. Al R
1 - y . ‘. B .

N
.
'
—




of striatal dopamlne were noted in rats placed on large (12 ch'islande;.

-

. in this conditxon the animals may also be partxally "deprived of their REM
|-
(Schlldkraut.et al., 1972) and/or slow-wave (Mcndelson et al., 1973)
sleep. For this reason, the large 1gland canrot "be con51dered an

approprlate control in REM sleep depr1vat10n experlment A Plac1ng of rate

in water_for one hour/day has recently been recommended as a better
control insofar as in thxr circumstance the REM and low -wave eleep tlmes
. Wwere founa to be 51m11ar to those 1n basellne anlmals (Mendelson et al.,’

973)

. This, of course ralses the qUEStxon of whether the biochemical

~

changes observed after sleep deprlvatlon procedures can be con51dered
‘as a specific consequences of REM and/or total sleep deprlvatlon or

- result rather from concomitant stress factors. Oplnxons on thlS

_lmportant question are divided. . Some workers (Hark et aLﬂ, 1969

Schildkraut et al., 1912) suggcsted that the increase. in norepxncphrlne

turnover as well aF in the- wexght of adgenal glands may be entlrely a.
result of the experlmental .stressful $1tuat10n 51nce these changes were

similar in rats kept o©n small islands (completely REM sleep-deprivéd)

and on large platforms.' Our flndlngs of 1ncreased strxatal dopamine
content in both experlmental groups would concur with the above sugges-f'

tlon.. On the other hand Bowegf et al (1966) and Tsuchlya et al. (1969)

.

felt that the alterat;ons.ln braln acet}&chollne ob"erved in REM sleep-

~

'depmved rats are an mdmatmn of metabdlxc changes due t‘R}:H depmva-

;tzon and cannot be con51dered a nonspecific responae assocxated with
. N

/ .
r - -

etfess factors, since other stressful 51tua%;\2§f£food deprlvatlon'

o el

" pestrain) did not ad to changes in telencephalic_aCétylchollne-values.

- -




‘ B ' ‘. . . ‘ .l ’
“‘consequence of REM and total sleep deprivation or reflect a response

'fallure to gain welght) noted ‘in our experiments are in agreemunt with,

--&d!!vity as a. function of: REM sleep deprlvatxon conflrmed the earlier

Methods have yet to be devised to clucidate whether changes in the

levels and metabolism of varioud brain biogenic amines are a specifid

to a peneral stressfud .situation.

we‘are'aﬁare of the fact that the contréls used by us in the ¢ leep

fdepr;vatlon experlment may not be adequate. Animals 1n 1nd1v1dual

.cages do not.sgffer from The stress factorg which the experlmental

animals are subjected to besides REM dcprivutionr Large island animals "

on' the other hand are also deprived ¢ .4 jart.of REMS sleep. We used

]

' e ‘ Lo
larpe island anlmals for COMpAr it .n;&?»; +{ any better modél of.
: i . T . : ’ .
cOntrol available at phe.time wer :1:jﬁ§:~xpurimpnt. ' ' '
. ., . ) Y - )
The, behavioural:effects of tubavare FiM.osletp deprivation ({increased

1rr1tab111ty, reaponalveneud to uxtvrnal-btimuli, aggressiveness and

‘ observatlonv of other: workerv {Albert er al., 1970 Bowers et al., 1966)

Apathy, lack of 1ntcrest in the environment Jﬁd.dlmlnlshed reaponolvenesq.

o~

to external stimuli observéd at the end of chronlc depr1vat10n.procedure

can be. JaCPled to extreme exhgustlon and. fatlgue of experlmental

. V

-animals. Resulta of. the objectlve measurement of changes in locomotor

A 'flndlngs of Albert et Ll. (1970) in that the REM sleep- depr;ved anlmfls

" display a substantlally h1gher short term activity /yé ;he‘tontrol rats.

To whlch extent are the observed behavaoural changes related to the

_alteratxona in the I!wels and metabollsm of braln biogenic amines found e

‘ P )
after REM-sleep deprlvatlon remains to be clarified. . o ) //”d

e . . . .
: - -
N .
- . .



ITI SUMMARY AMD CONCLUSIONS SR .

" The levels and.metabolism of acetylcheline and dopamine in whole

. brain or discrete cerebral arcas such as striatum were 1nve“9naged in

T

altered functional ‘tates of the central nervous system due to neondtally

. 1nduced hypothyr01d1am and REM uleep deprlvatlon as-well as aft&; adminis-
. o A

' '-tratlon of drugs used .in treatment of mental depression and Parkinsonis

The 1nfluence of neonatal thyr01dectomy (Tx) on developmental
changes in dopamine. (AD) acetylchollne (ACh) and acetylchollne ‘esterase

(AChE) was studled in the whole braln of rats. In control anlmala, braln
LS

levels of @Ch gradually increased’ anduattalned adult values at the 70th day
!

- «In contrast AChE actlvlty showed a Papld increase between 7th and 30th
. . ' .
day. LeVels of DA were low during’the early postnatal life but markedly

increased to reach adult values of:l.h7 ug/g at 30th day after which no
.'ﬁufthep enhéncement_was noted. Neonatal Tx interfered with the .normal
growth of the animals .decr'eased brain weights and markedly influenced . .
¢

the developmental pattern of both brain DA and ACh. The concentratlon
l of DA in. 30 days old hypothyroxd rats was 46% of the control valueu.t In
'.; - contrasxw ‘brain’ ACh levels.ln-Tx»rats were consis tently abo;e those seen
in controls, beihg Sigﬁificantly higher (by 49 and-ﬁz%) at 15 and'30 days-

respectively. Act1v1ty of AChE in bralns of hypothy?old anlmals was' not
signiffﬁantly d;fferent from those ln controls. Treatment of Tx rats
w1th the thyroxd hormone (T3) v1rtually restored the levels of DA and

_ACh FP values seen in. control animals. The questlon as to what extent

‘) these alterations 1n brain amines of Tx anlmals age a550c1ated wlth

- functional changes seen durlng hypothyr01dlsm and- experlmental creb&qﬁﬁms

ey



deprivation procedure the rats were_agitdted h

-and responded less to.e?tprnal stimuli. ©

_and chronic REM sleep deprivation. -

needs further clarification.
Chanpcos in the concentration of striatal DA and, ACh in rats chroni—ﬁ

*

‘ cally (10 days) deprlved of REM alecp were compared with those obtalned
. after-suu&cute (4 days) deprlvatlon. Anlmala.placed on amall (7 cm

dlameter) 1alanﬂa aurrounded by Water were completely deprlvcd of REM

sleep but able to obtaln ‘some slow-wave sleep. Concentratlon of trlatal
DA was Slgnlflcantly increased after subacute and chronlc REM oleep ,:
deprlvatlon hy 73 and 133% respectlvely when comparee to controla. |
Levels of ACh in the strlatum were algnlflcantly enhanced (by 28%) aftcr
chhonlc, but moderately decreaaed (by: about 10%) after subacuto deprlva-

tion of REM sleep The short-term locomotor activity was significantly

hlgher in REM ,leep deprlved anlmalf Upen-tfrminatiOn'of the spbacute

dqappresnive; in contrast,
. “‘__-/‘ !
- .
. ' , . ) o
after. prolonged REM sleep deprivation they « peared apathetlc, ‘exhausted
{ » : ) - . :
» data 1nd1cate that REM and

.

" total sleep deprlvatlon result in marked alteratlons of ‘both chollnerplc
. and dcpamlnerglc'mechaalsms in the rat striatum. In addition, behavxoural

-as well as nedrochemieg& differences appear_te exist between the subacute.

Tricyclic antidepressants (imipramine, desmethylimipramine and
amitriptyline) as well as an anticholinergic'dpug benztrepinegimed in -

treatmeht'of.Parkinepnism significantly increased the steady—state'leﬁels

of -dopamine in the rat striatum. Dose-response and time-course studies

il

"_have shown tha$ desmethyl;mlpramlne has a blphaSlC effect on the striatal.

DA conCentratlon. These experlments have revealed an addltlonal feature

-
.

) . . . N *
R : . \ L ' Lt
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-

Parkinsonism.

LS

in the central action/of lmlpramlne llke drugv whlch may be related to

: thc reported benefitial effect of these compounds in the treatment of

. The result, prqdented xn thlu dlssertatlon suggest that changea 1n
‘braih acetyléholine and dopamlne pla{ an 1mportant rolc in altered

functional/ states of the central nervous

hypothyyoidism and during REM sleep dcpbivatibn as wel; as. in the
centrdl action of imipramine-like antidepressants..
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