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A, INTRODUCTION

Recently, the relationship between monoaminergic (MA) neurons in the
brain has become of increasing interest. Numerous findings of interconnections

between catecholaminergic and serotonergie nc,,rons provide important sup-
porting evidence for interactions, in MA systems. The knowledge of these
interactions opens new possibilities for explanation of such higher brain ft,nc-
tions as reward and punishment mechanisms, emotion behavior and the

sleep-wakefulness cycle. These functions may be regulated by reciprocal
mechanisms including the parallel antagonistic ncuronal systems-
--serotonergic and catecholaminergic (noradrenergic and dopaminergic).
Such an organizaional model is compatible with the original theory of Brodie

and Shore (1957) of a serotonin (5HT)-mediated tropotroph!e antagonism of a
cate holamine-mediated ergotrop.h!c system.

B. ANATOMICAL ORGANIZATION AND
INTERCONNECTIONS IN MA BRAIN SYSTEMS

The anatomical organization of MA-containing neurons ha're been mapped
with the aid of histofluorescenee methods combined with the use of stereotaxic

lesions of discrete brain areas (Anden et al., 1965, 1966). Most of the 5-HT

cell bodies are located in the raphd area. These cells send both ascending and
descending projections. The nuclei raphfi pallidus, obscurus, and magnus
provide projections to '"._,,,.spina! ce-._-_.,,, tho,,_nuclei .raph6. obscuras and p,,nt;s,_..
project to the cerebellum (Bloom et oI., 1971, 1973; Olson and Fuxe, 1971). i

, Most ascending 5-HT fibers arise from the anterior group of raphd nuclei
(nuclei raphd medianus, dorsalis, intermedius, linearis, and nucleus centralis
superior of Bechterew. 5-ItT fibers terminate throughout wide regions of
telencephalon and dienccphalon (Briggs and Kaelb.cr, 1971' Fuxe et al., 1970;
Morgane and Stern, 1972). Projection systems of the anterior raph_, group are

of particular importance since many of these lie within the limbic midbrain area
and comprise the limbic forebrain s_ructures such as the _ippocampus, scptum,

and amygdaloid complex. It is assumed that these limbic stractures are recip_
rocally connected with the raphd system. The neural systems of the midbrain
and forebrain limbic areas are extensively involved in sleep-waking

mechanisms (Naute et al., 1966). Projections from the anterior portions of the
raph6 complex as well as other brainstem structures ascend via the medial
forebrain bundle comaining various MA fibers. According to Mo_gane and
Stem (1973a) raph6 nuclei form three groups--anterior, middic, and post-
erior. The middle and posterior groups project (not via the medial t'orcbrain
bundle) to structures other than those to which the anterior project. Lesions of
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the middle and posterior raph6 nuclei do not affect 5-HT forebrain concentra, the raph_ nuclei hm

ti lion (Morgane and Stern, 1973a). On the other hand, lesions of the anterior and other descends

• group cause decrements in forebrain 5-HT level in cats and rats (Jouvet etal., connections betv.cc_
1966; Renault, 1967; Rosecrans and Sheard, 1967; Kostowski etal., 1968; Most of the dop:_

Giacalone and Kostowski, I969) and cause only a slight decreaee in 5-HT substantia nigra (S:*

concentration in the spinal cord (Giacalone and Kostowski, 1969). Stinmlation The DA nerve term
] of the midbrain raph6 leads to a release of forebrain 5-ttT in rats (Aghajanian and putamen), tub_
t et al., 1967; Kostowski and Giacalone, 1969; Kostowski et al., 1969). nucl. paraventricul,

"_ Bj6rklund etal. (1971) have •described a new fluorescimz system containing an Dahlstrom and Fux,
_',, unknown intraneuronal monoamine (probably an indoleamine). Cell bodies of triatal tract with a_

, '.' this system are located within the nuclei raph6 medialis and linearis caudalis. 1965, 1966; Poirk
;' Their axons ascend, probably via the medial forebrain bundle, to tile presence- Lennan (1965) co:
• phalon, demonstratingthat

The ascending noraSrenergic system forms two main bundles---dorsaI and in the ipsilateral he,
• _ ,,'entral. The dorsal bundle originates in the dorsolateral portion of the locus to the A-10 gro W

.I coeruleus (kC) and p_ojectsto both the paleocortical and neocortical areas. The mesolimbic syste::

1 ventral pathway projects from cells located in the pons and medulla beyond the amygdaloideus cc
],: LC and innervates the @pothalamus, basal forebrain region, and the amyg- nykiewicz, 1972).

daloid complex (Jones, 1969; Fuxe et al., 1970; Olson and Fuxe, 1971a, b; of the raph6 syste

; : Ungerstedt, 1971 ; Jalowiec etal., 1973). Maeda and Shimizu (1972) described other hand numer
the so-called "intermediate" noradrenergic (NA) system originating in the electromicroscopi_

, : _ A-5 cell group and locus subcoeruleus as well as in the anterior LC area; this In summary, t"
! _ _ystem inner'_'ate_ periventricular hypothatamic area. functional interac_

: • Recently 2,4,5-trihydroxyphenylalanine (6-OH-dopa) has .....u,_,-,, in ''''_T,,_-.-_ lions ar_pear, to p!

! as a tool in the mapping of central NA pathways (Jacobowitz and Kostrzewa, cycle and in u_t|,,.I
;! _ 1971;SachsandJonsson, 1972;Sachsetal., 1973).6-OH-dopacausesintense

fluorescence in NA fibers and produces degeneration of a large number of the 1. Interactions

• central NA terminals (Malmfors and Thoenen, 1971). Using this method It is possible t!
" Sachs etal. (1973) demonstrated that NA fibers from the LC could be traced " area receiving bc

• , . ,, .

i¢ i into the ccrebellar and telencephalic cortices, the geniculate bodies, thalamus, respectively. Ph:
! _ rhombencephalon,.and lateral hypothalamus. It is noteworthy that the ventral accompanied by
. NA pathway is not markedly affected by 6-OH-dopanfine. 1966; Parizek et,
I' It is possible that the LC and raph_are anatomically connected. Olson and doses produced
': Fuxe (1971) demonstrated a fiber projection to the raph6 originating from the Borherding, 197_
i, medial and ventral portions of the LC. Projections from the LC to the raph6 synthesized frorv

form a partially crossed system responsible for the cortical innervation and there is a possibi:

innervation of raph_, hypothalamus, and vagal area. According to Loizou contain aromatic
(1969) bilateral lesions of the I..C cause disappearance of NA nerve terminals in large doses of S-!
the raph_ area. Projections from the raph6 to the LC have not been, however, striatum, proba_
definitively established. Brodal etal. (I960) have found that some neurons of DA-nervc tern'i

t
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ffect 5-HT forebrain concentra- the raph_ nuclei have axons which bifurcate--one branch ascends anteriorly

ler hand, lesions of the anterior and other descends posteriorly. Some authors have postulated polysynaptic
el in cats and rats (Jouvet et al., connections between the raphd and LC (Routtenberg, 1973).
• 1967; Kostowski et al.. 1968; Most of the dopamine (DA)-containing cell bodies are located within the

only a slight decrease in 5-HT substantia nigra (SN) and in an area dorsal to the nucleus interpeduncularis.
K0stm,ski, 1969). Stimulation Tile DA nerve terminals are located mainly in the neostriatum (nucl. caudatus

ebrain 5-HT in rats (Aghajanian and putamen), tuberculum olfactorium, nucl. accumbens, median eminence,
969; Kostowski et at,, 1969). nucl. paraventricularis, and the amygdaloid complex (Carlsson et al., 1962;

fluorescing system containing an Dahlstrom and Fuxe, 1964; Fuxe, 1965). DA-containing cells form the nigros-
¢ an indoleamine). Cell bodies of triatal tract vith axon terminations within the striatum (Anden et at., 1964,
_b.medialis and linearis caudalis. 1965, 1966; Poirier and Sourkes, 1965; Sourkes and Poirier, 1965). Mc

:orebrain bundle, to the prosence- Lennan (1965)confirmed the dopaminergic nature of the nigrostriatal tract
demonstrating that electrical ztimulation of the SN results in the release of DA

_s twt" main bundles_dorsal and in the ipsilateral neostriatum. Another DA system is formed by cells belonging

dors, _,eral portion of the locus to the A-10 group, projecting to limbic structures (so-called dopaminergic
:ortical and neocortical areas.The mesolimbic system) such as the tub. olfactorium, nucl. accumbens, nucl.

_theponsand medulla beyond the amygdaloidcus centralis, and nucl. interstitialis stria terminalis (see Hor-
: forebrain region, and the amyg- nykiewicz, 1972). Some DA cell bodies send theiraxons toward thecaudal part
!970; Olson and Fuxe, 1971a, b; of the raph6 system (nuclei raph_ wllidus, magnus, and obscurus). On the

aedaand Shimizu (1972)described other hand numerous 5-HT terminals have been found in the SN using an
(NA) system originating in the electromieroscopic technique (Parizek et al., 1971).

'ell as in the anterior LC area; this In summ_y, the anatomical data provide evidence for the existence of
amie area. functional interactions between monoaminergic brain systems. Such interac-

_6.-OH-dopa) has been introduced tions appear to play a fundamental role in mechanisms of the sleep-waking
',xays (Jacobowitz and Kostrzewa, cycle and in orther important functions of the brain.
• 1973). 6-OH-dopacauses intense

generation of a large number of the 1. Interactions Between Brain 5-HT and DA Systems
_enen, 1971). Using this method It is possible that 5-HT and DA act reciprocally within the striatum, the
fibers from the LC could be traced area receiving both 5-HT and DA nerve terminals from the raph6 and SN,

-'s, the geniculate bodies, thalamus, respectively. Pharmacologically induced increases in stria_al DA level is

us. It is noteworthy that the ventral accompanied by decreased 5-HT concentration in this area (Hassler and Bak,
6-OH-dopamine. 1966; Parizek et al., 1971 ). L-Dopa, the precursor of DA, when given in large

anatc '_a!!y connected. Olson and doses produced substantial decrease in brain 5-HT in mice (Everett and

3n to t,,c raph6 originating from the Borherding, 1970), probably due to release and/or displacement of 5-HT by DA
"ojections from the LC to the raph6 synthesized from dopa in 5-HT storage sites. Fuxe et al. (I971) reported that
",le for the cortical innervation and there is a possibility of conversion of dopa to DA in 5-HT nerve terminals that

vagal area. According to koizou contain aromatic amino acid decarboxylase. On the other hand it was found that
appearance of NA nerve terminals in large doses of 5-HTP, the precursor of 5-HT, decreases the DA content in the

to the LC have not been, ho_vever, striatum, probably due to displacement of DA by newly formed 5-HT in
_O)have found that some neurons of DA-nerve terminals (Goldstein et al., 1969; Ng et al., 1972a,b). Using

!\_,_" ',. t
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_;_ (:':_-_ ! [i 3H-DA, N_. et al. (1972b) provided direct evidence that 5-HTP may release serotoner,g.

,_ii;I:_..:.;;-G_.:._.,.'-I ]!_ DA from DA terminals in the striatum. This effect appears due to the conver- since"lesm": ':",,-'.._ , • • • • bothCPZ_._.... :--.-_ I:' stun of 5-HTP to 5-HT, since _t was inhibited after•treatment with d-10 -
_:_. ., .}-:, ,:_.. , , ,

_:i"71._[,"!_ " !! (methyl-dop_-hydrazine (MK-485), an ink!bitor of 1-amino acid decarbox- LSD-25 c.
_' ".:_'!.[_" i l_ vlase. Thus, mutual displacements in the storage sites between 5-tIT and DA partly rein
_. : . ,-.-, _ _ .... . assume th,
,_ '-,,:_::_ , _._ m_ght be assumed. Drugs which stimulate DA nerve termw.als and act upon
i; .-:i..--_'.i._ i !! DA receptors such as amphetamincs and apomorphine (Ernst and Smelik, ntgrostrta_
_::' - :?;_:._- } i" ,V " " o '_ " wi between5":: :'_.':. , i.- 1966; _; mssmanet al., 1966; Ernst, 1967; Foget al., 1971; H m_'m cz,

..... thatdestn
G_. _:_:_f _ : 1972) seem to influence the metabolism of 5-HT Amphetamine does not " '
,..:. ;:'i t :.... " " triatal at!_....,::;.',, ': _, consistently alter the level of 5-1tT of the v_hole brain. (Laverty and Sharman, . P
i_:_:_i!::i!'_:)i i !t 1965; Pletscher e, al., 1964,1965) but does increase the concentration of this needed to

amine in some areas such as the pons and striaturn (Beauvalett et al., 1970), There is a
y..... -, .':_, activityof
L ?::._.:_:_: , . Amphetamine has also been reported to increase the turnover rate of 5-HT

:,-...._._ i , (Reid, 1967). It is noteworthy that apomorphine, a drug known to directly (and intense co.
' indirectly) stimulate DA receptors (Anden et al. 1967; Ernst, 1967, 1969; Fig. I). h

• ' blocked b
Ungerstedt, 1971; Costall and Naylor, 1973) increases the turnover of 5-HT

i and increases the brainsten, concentration of thisamine inrats (Grabowska and Stimul;,

, Michaluk, 1974). Antagonists of 5-HT such as BOL-48, methysergide, and pathways
: lysergic acid diethylamide (LSD-25) as well as the 5-HT depletor decreases

p-chlorophenylalanine (pCPA) prevent ampheta,nine-induced rearing in mice pennane,
• (Lapin et at., 1972). pCPA administered to young chicks antagonizes the 1967, Jou

,:;:._L:.:::_:._'.;_ postural changes elicted by amphetamine (Schrold and Squiers, 1971). On the cortical F
_,,:.-,.:,, ,a>->,,_ ' h - ,H _D_ inc-r-_ m_tn_ t--,(c.i¢_r;_,n ,n,4,,,"oH Dg ampne amine, apomo.- nuclei. "I:

_ii!_"'r"_: _ -.,_'-&,i)_.] t ! ' ' " _n.,'ren_p

_;>-<_; ",L_i" : . phine, and L-dopa in rats (Neil et al. 1972) Motor hyperactivity as well as .........
_,ii:._i :::.i_.; .... Parachlo,'

stereotyped behavior induced by anaphetamine in rats is enhanced after lesions
_!!i:_i}:':"}"( ofthemidbrainraphdarea(Neiletal., 1972;Kostowskietal., 1972;Gumulka 5-1tT (Ft_'_",<,-:':';;'_ I ! arousal (i
'--_....... *::,:;,!]f el a/., 1973). Since stereotypic movcnlents are phenomena involving stimula-

_"' "_ .......74._.|t" 1: tion of striatal DA receptors (Van Rossum, 1970; Costall et al., 1972), the almost it,_')5"J:"°;'!_:: i data described above may suggest that lesions of the raph_ system leads to in- paradoxic
;_i_ et al., 19L_:;"." -_ , ,

'._;:_"i"/_'_' _ . creased reactivity of striatal donaminergic mechanisms. Drugs which block
• _,..:_ ?_'_: " _ dopamine receptors, such as the neuroleptics, have also been repormd to affect monkey.,,.._a.._-,_.! 1968: Sei

@ii<il the brah_ 5-HT system. The release of 5-HT induced by both reserpine and found th;,
,ll electrical stimulation of the raph_ nuclei ismarkedly reduced by chlorpromazine and the,

!i:_). tl})llt, ,, (CPZ)(GeyandPletscller, 1961,1965;KostowskiandGiacalone, 1969a).The resultsh:,)i!i:4 increase in forebrain 5-hydroxyindoleacctic acid (5-HIAA) level due to electri- Other c_,
"_.','?_",._?':_]1I! i ! cal stimulation of the hippocampus may be also blocked by CPZ (Kostowski 1970: W,

!.!L ,-: :-k.]l ;i : ', and Giacalone, 1969; GiacMone and Kostc,wski, 1968; Gumulka ct al., 1970).

".r,._ ">_{t " - pr(xlucc,
,:::",-.',,-._.' CPZ is assumed to affect the release of 5-1 tT, decrease its storage (Gey and

tt !' t ' Pletscher, 1965), and increase its turnover (Borzecki et al,, 1970). We have initiate I,

• i/L:--_:_: recently reported (Kostowski etal. 1972); Gumulkaetal., 1973) that an intact

. .' , e {
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_ence that 5-HTP may release serotonergic system is necessary for the cataleptogenic activity of neuroleptics

feet appears due to the conver- since lesions of the midbrain raph6 led to a marked reduction of the effects of
red after treatment with d-10 both CPZ and haloperidol (see Table 1). It is noteworthy that pCPA as well as
or of 1 amino acid decarbox- LSD-25 cause similar effects. Since catalepsy due to neuroleptics is at least

:e sites between 5-HT and DA partly related to a blockade of DA receptors within the striatum one may
assmne that raph6 lesions exert profound effects upon the function of the DA, nerve terminals and act upon

_morphine (Ernst and Smelik, nigrostriatal pathways. These data support the hypothesis of an interaction
:get al., 1971; Homykiewicz, between 5-HT and DA systems in the brain. The general conclusion should be

that destruction of the 5-HT system leads to increased activity of"DA nigros-i-HT. Amphetamine does not
t brain. (Laverty and Sha.qnan, triatal pathways (Kostowski et al., 1972). Further experiments, however are
zrease the co.Jcentration of this needed to confirm this hypothesis and to clarify the details of this interaction.

_um (Beauvalett et el., 1970). There is also some indirect evidence that the DA system may influence the
:ase ; turnover rate of 5-HT activity of the raph6. The microinjection of DA to the pontine raph_ area causes

__.a drug known to direcdy (and intense cortical synchronization in cats (Kostowski and Gumulka, 1974c; see
al., 1967; Ernst, 1967, 1969; Fig. 1). It was also observed that this effect ot DA was partially or completely
increases the turnover of 5-HT blocked by haloperidol (Kostowski and Gumulka, 1974c).

s amine in rats (Grabo;vska and Stimulation and lesions of the 5-HT system of the raph6 and DA nigrostriatal

as BOL-48, methysergide, and pathways elicit opposite behavioral effects. The destruction of the raph6 in cats
well as the 5-HT depletor decreases the percentage of slow-wave sleep (SWS) and causes a state of

r.amine-induced rearing in mice permanent behavioral and EEG arousal during the first 3-4 days (Renault,
young chicks antagonizes the 1967, Jouvet, 1972, 1973). Striking insomnia and a state of agitation as well as

told and Squiers, 197!). On the cortical EEG arousal is also seen in rats after coagulation of anterior raph6
auced by amphei.aml,;e, apomor- nuclei. The intensity of motor agitation is significantly correlated with the '.

decrease in both lbrebrain 5-HT and 5-HIAA. (Kostowski et _r Toc._)
Motorhyperactivityaswellas ........
in rats is enhanced after lesions Parachloromethamphetamine, a drug which provides for depletion of brain ],

.ostowskietat., 1972;Gumulka 5-HT (Fuller et al., 1965; Fuller and Hines, 1970), induced marked EEG :
arousal (Delorme et al., 1966). Parachlorophenylalanine is known to inducephenomena involving stimula-

_970; Costall et at., 1972), the almost total insomnia due to a reduction in both stages of sleep---SWS and
of the raphd system leads to in- paradoxical sleep (PS) in cats (Delonne et al., 1966_ Mouret et al., 1967; Pujol

echanisms. Drugs which block etal., 1971; Cohen etal., 1970). Similareffects were observed in rats, rabbits,

nave also been reported to affect monkeys, and man (Mouret et al., 1968; Florio et al., 1968; Weitzman et al.,
ind_ _.by both reserpine and 1968; Sehard, 1969; Wyatt et al., 1969; Sjoerdsma et al., 1970). It was also

found that there was a significant correlation in the rat between decreased SWS:edly reduced by chlorpromazine
and the decrease of cerebral 5-ttT (Mouret et al. 1968). However, these

_ski and Giacalone, 1969a). The
_d(5-HIAA) level due to electri- results have not been confirmed by some authors (Rechtschaffen et al., 1969).

Other conflicting results have been obtained in cats and man (Cohen et al.,
:so blocked by CPZ (Kostowski 1970; Wyatt et al; 1969, 1970) Damage of the nigrostriatal system in the cat,::i. 1968; Gumulka et al., 1970).

produces an effect opposite to dmt resulting from damage of the raphd system.
. decrease its storage (Gcy and Stereotaxic coagulation of DA-cell bodies leads to akinesia, an inability to5orzecki ctal., 1970). Wc have

initiate motor activity, and in some cats provides for a permanent comatose:mulka et at., 1973) that an intact

"_. '?i
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_ " Table I " _ _-_'_'.:.,"i']
_ ...... muk_ W andCzonkowskiA BrainRes.48:443-446) O _:._--_(Kos_ows_w, _u ', ., " ' • c. _: "-:.:)_

•"t- __. -.:.

•. _ _ f Intensity of catalepsy (scored) ..E. _ :,.._
Experlment_l No. o -_ _-+ervals after infection of drug _ r_< .:_

_ " animals au±,,u ._

groups

_ 30min 60min 180min _o_

6.9 ± 1.5 i0.0 ± 0.9 10.8 i 0.7 m_AB I05 10.4 ± 1.0 II.0 ± 0.4 9.4 ± 1.0
(i) Sham lesion

0.6 ± 0.6§ 0.8 ± 0.8_ 7.2 ± 2.2
._._ (2) VP. les_on AB 55 2.5 ± 1.2§ 2.0 -+ 0.8_ 2.5 ± 0.8§

(3) DR lesion A 8 0.4 ± 0.3§ 0.5 ± 0.3:. 1.5 +- 1.2§B 5 i.0 -+ 0.8§ 0.8 ± 0.8_ 1.0 ± 0.8§

(4) LMlesion A 6 4.1 -+2.2 6.2 ± 1.5 10.3 ± 0.7B 5 8.4 ± 1.9 7.4 ± 1.9 8.6 ± 1.5

(5) Intact, saline A 8 8.1 -+ 1.3 9.4 ± 1.7 10.5 ± 1.4B 8 9.3 -+0.8 9.6 ± 0.5 8.7 ± 0.8

(6) Intact, p-CPA A 8 1.2 z 0.7§§ 2.8 -+1.0 -_§ 4.1 ± 0.4§§B 8 0.8 ± 0.4§§ 1.6 ± 0.5_ 3.7 ± 1.2§§

• para-Chlorophenylalanine meth:¢lester (Pfizer).
• *Fenactil (POLFA), 5 mg/kg s.c.
• _*Haloperidol (Janssen), 0.2 mg/kg s.c.
§p < 0.01 with respect to sham lesioned animals.
§§p < 0.01 with respect =o saline (Student's t-test). VR, venLral raphe; DR,

i dorsal raphe; LM, lateral midbrain.

/
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_1 state (Jones, 1969;Jones et al., 1969). It is of particular interest that a generally
normal EEG pattern and EEG arousal have been observed in these animals

-"d c__[ (Jones et al. 1969). in rats, however, no consistent data have been obtained,

t..._ t,./ x: --some authors have reported a decrease inmotor activity following lesions of
.... "_ SN (Gumulka et al., 1970d, while other have observed increased motor
-',_'_ tn/ t., _ctb)ity (Simpson and lversen, 1971), It appears possible that, at least in cats,

the DA nigrostriatal system plays a role in the maintenance of waking behavior

........ _ and behavioral alertness but does not substantially affect the elctrical activity of
*_ o ,,_ a_ the cortex (Jouvet, 1972).
; d,4 d >

According toJouvet (1967, 1969, 1972, 1973) the serotonergic system of the
' ÷' ÷' *_ F raph_ is responsible for the induction of SWS and for cortical synchronization.
' _ _ _ Stimulation of the rapM in rats induces inhibition of motor activity, somnol-;,,; d,-: ,Z

.o ence, and cortical synchronization (Kostowski et al., 1969). In cats, stimula-
tion of the raphd at low frequencies (2/second) induces cortical synchroniza-

"_ tion.This effectis enchancedby pretreatmentwith5-HTP andblockedafter
r_ ,n LSD-25 (Kostowski, 1971). The physiological role of the raph6 seems, to be

+o c_c:;"" _ .____ however, more complex since EEG and vegetative and behavioral symptoms
_ "_ of arousal were obtained by stimulation (with a frequency of 6/second) of the i

_._ e_m _ G-_._ pontobutbar raph_ in rabbits (Polc and Monnier, 1970L
° ° " •0_

3_"_v-4 0 g,_ _ e" 4.a •

o or/j_
+" _"_ "-++_ 2. Some Biochemical and Behavioral Evidence for

-_ o _ _ 5-HT and NA Interactions
_ CO_O

,n_ The depletion of brain NA as a result of the inhibition of the conversion of
. .,: 0_ DA to norepinephrine by inhibition ofdopamine B-hydroxylase with U- 14-624.-_ o_ . '

o "-, - o _ _ (l-phenyl-3-/thiazolyl/-2-thiourea) was accompauied by an mcrem,e in the ra.'_ ,
-_ _ _ o .., of 5-HT synthesis in the rat brain (Johnson et al., 1972). It was also demon-4.a o _1

,n_ m o _ ,-.+ strated that increases in 5-HT synthesis and an increased concentration of

_,_'_ _ ¢0_' o_m_" 5-HIAA accompanying inhibition of brain dopamine/3-hydroxylase in rats
_'_ _ o _ ,._ also have associated elevation of tryptophan level (Johnson and Kim, 1973).

_0..a = •- These results may indicate that in some parts of the brain NA plays a regulatory
o _ o _ _, role in the synthesis of 5-HT through a feedback mechanism. Other more direct

" _ "_ _: _ evidence strongly supports the hypothesis of an interaction between the 5-HT
, _._ _,,-_o and NA systems. The destruction of catecholaminergic ncurons by

_ _ °_°"° '_ 6-hydroxydopamine (6-OH-DA) injected intracisternally in rats produces aI _,'_0

" _ _ _ v _ substantial increase in the rate of 5-HT synthesis as well increasing the
a, ._ concentration of 5-HIAA in the telencephalon (Blondauxetal., 1973). In cats,

5-HT synthesis is markedly increased after treatment with a-methyltyrosine
(aMT), an inhibitor of the biosynthesis of catecholamines (Jouvet, 1973).
Furthemmrc, electrolytic lesions of the caudal portion of ascending NA corti-

>, •:i
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, C , - , 1

_N!_,_,._ ,,_,',_i',k_.'_'M'_'4___h"&_v__', . , .. ,,,,,,,_,_v'

_u

,. ' ' w',_l kl' " ' _|

I I I , I I ' ' _ , l ' ' l I " | l I J,._l_,.k

t midline pontine area (corresponding to tion 100 uV and 1 second. Note synchronization after administration of DA (For details see.
•"tocc p tal !cads, respectivcly, 4 = dorsal Kostowski W. and Gumutka, W. Pol. J. Pharmacol. Pharm., 1974, 26:351-368.)
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,8WO CECHKOSTOWSK! ca] projections of the rostral third of the LC induces a significant increase of

both tryptophan and 5-HIAA levels in the telencephalon of the cat. These data
suggest that the destruction of the ascending NA system results in an increased
turnover of brain 5-HT (petitjean, 1970; Petitjean and Jouvet, 1970). In rats,

concentration of5-HIAA 4 days rater (Kostowski etal., 1974). However, this

_ effect does not apparentlyseems to be correlated with a decrease in NA ._
concentration since only a slight decrease of thi's amine within the cortex and >_.,
the hippocampus was found at thi_ time. It is also possible that a two-way

• interaction between the raph6 and LC may well exist. Lesions of MR (involv- _.

i_il ! ingnucleusraph, medianus)inducethesignificantincreasein concentrationof -_
: 3-methoxy-4-hydroxy-phenylglycol sulfate (MOPEG-SO4), a metabolite of

NA in the cortex and hippocampus (Kostowski et al., 1974; see Table II). This >
i'_: chan_.e occurs 4 days following the lesion. Some unknown compensatory

': mechanismsapparentlyexist since I0 days after he lesion no ci_angesin
2i z
i_i MOPEG-SO4 concentration were observed. The data reported here indicate
I_ that interactionsbetweenthe raph_and LC seemsto be reciprocal. _

,.i:! Lesions of raph6 produce a well-known insomnia and motor hyperactivity in ,-, ,_.

both cats and rats (Jouvet, 1972; Kostowski et al.. 1968). It may be postulated _ _ _.i'I that this phenomenon is at least partially due to the hyperactivity of the NA - _

system since it can be blocked by MT and easily reversed to sedation (Jouvet, 2:
? . i 1972: Kostowski etal., 1974a). Lesions of NA pathways and theLC generally

,_ cause oppositeeffects to those resultin_fromlesionsofthe raDh_system. After _.
l.t the destruction of the dorsal NA pathway in cat_ hyp _'"...... ,,;n h_s been .-_

i'! observed (Petitjean and Jouvet, 1970; Petitjean, 1970). As previously men- ..a,_
'Ii tioned, in these cats an increase in teiencephalic 5-HIAA and tryptophan .N
I!. paralleled the decrease of NA. Jones et al. (1969) reported that coagulation of

_{ the dorsal NA bundle and the A-8 groups of cells resulted in a significant ,.
_ decrease in the cortical low-voltage fast activity but with no changes in ta

i! behavioralandcortical activation aftersensory stimulation.It is postulatedthat .'_
I in rats some behavioral changes induced by bilateral lesions of the NLC, such ._

i!i: as somnolence and motor hypofunction, may be related to an increased activity
I:_ of the 5-HT system since they could be blocked to pCPA or by simultaneous

i'; }ti' lesions of the midbrain raph6 (Kostowski, Dom_inska, andTaJ'chalska,unpublisheddata). 1974,

l The general conclusion is that serotoncrgie system of the raphd and norad-
:_.: renergic systems of the LC may reciprocally inhibit one another. Other evi-

l !_ donee concerning the sleep--wakefulness cycle that supports this hypothesis

: _'_ill will be reported in the subsequent section of this chapter.
'!.
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: C. THE SLEEP_WAKING CYCLE AND BRAIN compound

MONOAMINERGIC INTERACTIONS (c.f. Jouv,.

_•_-': According to Jouvet (1972, 1973) the ascending NA system is responsible the mono,

_.¢_._:, for tonic cortical activation during wakefulness and PS. The 5-HT system of triggering,NAneuro
::._, the raph6 seems to be responsible for SWS and for "'p_.ming'" PS while the waves (se,.

• 'executive" mechanisms of the PS appear related to NA neurons. Thus, two

antagonistic 5-HT and NA systems are implicated in the mechanisms of cholinem
'" cortical desynchronization and synchronization. As mentioned before, insom- however,

_' " It nia may be induced by lesions of 5-HT neurons or after inhibition of synthesis regulation_7 " of 5-HT) as well as by the activation of the NA ascending system (see Jouvet, LSD-2:
..... _ . /<, ]i al. 1970}
_'_:;:_: ]i 1972). PS is accompanied by some phasic electrical phenomena such as '#:,: : ' :, during S__
<-- ' •: ]i. pontogeniculo-occipital waves (PGO). Numerous drugs acting upon dosesoftl

"! monoamines may dissociate the appearance of the PGO from the FS stage.
....;.__ ;, PGO spil.

:. Reserpine gi,,en in the doses of 0.5-1.0 mg/kg induces a continuous PGO after

_i_.-:i.7.:: i} a latency of about 60 minutes (Delorme et al., 1965; Jouvet, 1972). PGO 1974a)th.bilaterall'.

wamayven -- n--x rinnt ua nmai.,ii " (Jeanncrod, 1965). pCPA and p-chloromethamphetamine have also been
L,)_: .;;:, , _'_ I i found to "trigger" PGO-like activity similarly to reserpine (Delorme et al., (1966) dr.

i_'_ i!): i 1965). Furthermore, the effects of pCPA as well as reserpine can be reversed re_ulatio,

_i- _ :_: ; •i_i_1_ I_;' by 5-HTP (Jouvet, 1967a,b; Dement, 1969, Dement et al., 1969 1972; Jacobs "the activi_

_:: ;:: :)_| ] ]i et al., 1972). 5-HT appears to inhibit the occurrence of PGO waves since they neuronal
_D, .-. .... .-','_| I _ appear continously after lesions of the raph6 system and, as previously men- observed

......... , .nh._,ton or _ HT synthesis (Jouvet, 196/; Dement eral., 1969, during S'":'-'_ :-_: ':>_:_! I . , i tinned, after ; ;w," - -_ "

i,i 1973; Morgane and Stem, 1973). On the other hand, the coagulation of the (Lidbrinl,
,,. dorsolateral pontine tegmentum at the level of LC, or injections of 6-OH-DA raph,3 do_

i i!, to this area supress the cortical and geniculate PGO (Buguet, 1969; Buguet et

']] al., 1970; Jouvet, 1972). lntraventricular injections of 6-OH-DA in the cat also _'_

• i!
: ,_ reduce the frequency of PGO during the PS stage (see Jouvet, 1972). Accord-

_i' ing to Jouvet (1972) some catecholamine metabolites could be responsible for _.

,, '_] the triggering of PGO. Catecholamine-containing neurons of the LC are
,i ]i; responsible for the release of some deaminated metabolites which trigger _i/,
• _' postsynaptic responses in the vestibular and oculomotor nuclei, leading to rapid" 'I i

_:' i i! eye movements during PS. Similarevents occur in the lateral geniculate and _,.
occipital cortex. It is assumed that the serotonergic system of the raph6 exerts "• I i t__,__

i'. i,. tonic inhibition upon catecholaminergic mechanisms triggering the phasic
i, phenomena of PS. There, however, are many data which conflict with such Fig."

_ i'{ model. Morgane and Stern (1973) found that following injection of 75 m_kg of reserpine.,:
' :_'il MT NA level was lowered by 30 to 50% in most regions of the brain but the = 5 m,nu,.

._. . ' (Fordora,}
:.: _... {', i'.i number of PGO spikes was increased. Henriksen and Dement (c.f. Dement et,_ Stm_x_slu_

, ,,,, al., 1973) have reported that NIT caused an increase in amount of PS. This "
*1

: _. , _ 1'
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RAIN compound failed to suppress PGO-like waves in animals treated with reserpine
(c.f. Jouvet, 1972). According to Haefely etal. (1974) and Jalfre et al. (1974)

ing NA system is responsible the monoamine systems exert a tonic inhibitory influences up on the PGO-
and PS. The 5:HT system of triggering mechanisnls. Both 5-HT neurons originating in the raph_ system and
for "priming" PS while the NA neurons of LC inhibit "pacemaker" and/or "generator" cells for PGO

ed to NA neurons. Thus, two waxes (see Jalfre et al., 1974). It is also possible that other mechanisms (e.g.,
Lcat.ed in the mechanisms of cholinergic) also play a role in both triggering and maintenance of PGO waves,

As mentioned before, insom- however, the 5-HT and NA systems seem to be extensively invoh,ed in

or after inhibition of synthesis regulation of these phenomena.
ascending system (see Jouvet, LSD-25 which strongly depresses the firing of raph6 ce,s (Aghajanian et
lectrical phenomena such as al., 1970) is known to increase the occurrence of PGO in the waking state and

rnerous drugs acting upon during SWS (Morgane and Stern, 1972). It has been also reported that minute

the PGO fiom the PS stage, doses of this compound applied directly to the nucleus raph_, dorsa]is increase
.duce -_ :ontinuous PGO after PGO spikes ou,side of the PS. Recently we have found (Kostowski el al.,

, 190.9; Jouvct, 1972). PGO 1974a) that 5-HT and quipazine, a compound with 5-HT like activity, injected
nents with curarized animals bilaterally to the LC supressed PGO waves induced by reserpine in cats (Fig.
mphet_mine have also been 2). According to Brooks etal. (1972). Demcnt (1969), and Delonne et al.

to reserpine (Delorme etal., (1966) depletion of 5-HT is of significance in the genesis of PGO waves
I1 as reserpine can be reversed induced by reserpine. If it is accepted that the LC system is involved in the
men tet al., 1969 1972; Jacobs regulation of geniculate discharges our finding may indicate that 5-HT inhibits

-"neeof PGO waves since they the activity of those catecholamine-containing cells of the LC involved with the
neuronal mechanism underlying the generation of PGO waves.. In fact, it wasstem and, as previously men-

rt, 1967; Dement et al., !969, observed that the bioelectrical activity of some cells in this area is decreased
- hand, the coagulation of the during SWS, the phase strongly rolated to the 5-HT system of the raph6
.C, or injections of 6-OH-DA (Lidbrink et al., 1973). It was also observed that eiectrical stimulation of the

GO (Buguet, 1969; Buguet et raph_ dorsalis caused a complete suppression of geniculate PGO waves. This ]
ms of 6-OI-t-DA in the cat also

_e(see Jouvet, 1972). Accord- __! I [
olitescouldberesponsiblefor ___4_,U_,_4_
_ning neurons of the LC are

cdmetaboliteswhichtrigger "__
omotor_ nuclei, leading to rapid

_r in lateral geniculate and C ! '
-gicsystemoftheraph6exerts
mnislnstriggeringthephasic I .....
data which conflict with such

Fig.2. Effect of serotonin (10 ug) injected bilateraly into the nucleus locus coerleus on

owing injection of 75 m_kg of reserpine-induced PGO-like activty in the later',d geniculate nucs of the cat. A = control pattern, B
_St regions of the brain but the = 5 minutes after serotonin. C = 15 minutes after serotomn. Calibration 100 uV and 20 second

:n and Dement (c.f. Dement et (For details see Kostowski. W., Gumulka. W.. and Dom_nska. M., 1974, Communications of

tcrease in amount of PS. This Sympo._ium--Serotonin. brain, drugs, Kazimierz, 15-16 October, 1974.)



;,%, -,

[,_: 52 WOJCIECH KOSTOWSKI

-.. stimulation was ineffective in suppressing PGO waves when delivered to other authors (Jones et al.,

&:,.,.! nuclei of :he raph6 (nucl. raphd, pontis and magnus; see Dement et al., 1973). involved in behavior,
!?_::_' On the other hand some raph_ units are inhibited during PS. McGinty and system is involved in

_._._!: Iqarper (1973) studied the activity of cells in the dorsal raph,5 and clearly inhibitory influences
_.._" observed an inhibition of the regular firing of these units during PS and in SWS DA system by ,he ra!
e:._.: preceding waves in the lateral geniculate nucleus, some partial explanm.
:;'_: Interactions between 5-t1T and NA systems seem to be one of the most the 5-HT system el
..... important mechanism regu; _ting the sleep-wakefulness cycle. When SWS is consequently release,
c;:g initiated the mechanisms involved in PS are inhibited and vice versa. Such a cies of the Eaph_.. Th,S-g

._,._ model is generally accepted by majority of investigators although many dis- active during PS ho_

.._.e_

...... crepancies exist concerning the details of this phenomenon. A feedback waking stage is inhit

_:"-'_ mechanism between MA systems as the basis of sleep-waking regulation has portions of the LC (.I
_;_-'- been receotly postulated (Jouvet, 1972, 197.3; Dement et al., 1973; Routten- propose is schematic.

:!;>. berg, 1973). Special attention is paid to the negative feedba.k from the LC to ously require furthe
_.:._ the raph6 and from the raphd to the LC. According to a model proposed by system of the raph,5.
"5:_ Routtenberg (1973) tile raph6 controls and is controlled by the LC. On the other analyzed using biocl.
_':;_ hand the neocortex is controlled by the raph6, system _.andcontrols the raph6).
_"_.- Such a model is generally in agreement with the well-known theory of Jouvet
_,%< SLEEP
_....., and is compatible with the original theories of lternandez-Pcon
"".': (1964,1965a,b), Clemente et al. (1963), and Nauta et al. (1966) of

_c_._.., forebrain-brainstem circuits regulating sleep and wakefulness states. Routten- _
_:_ berg (1973) postulates that oscillations in the levels of 5-HT and tile _ __

_':'_'"' 1 cateche!amines lead to osci!!aticns in the sw.gcs of sleep Aceo.rding to this

i{ model wakefulness_resuhing from inhibition of the SWS system--leads to a
$ $wI

" "buildup" of 5-HT within the raph6 perikarya and terminals. Then 5-HT, after

!:!i _--: reaching a "critical" level, suppresses the activity of the LC, noradrenergic
!li system. This negative feedback from the raph6 to the LC, because of inhibition $-LVF
':'i:, of neuronal activity, causes a "buildup" of catecholamines to sorne "critical"

_:!i level. Then, the LC would hegin to exert an inhibitory influence upon the
_,t raph& Since the activity of 5-HT cells would be decreased a "buildup" of ,_R0"ro_tt_ o

iiI 5-HT in the raphd begins. This neurohorn_one then reaches a critical level for LEVEl.
i< the release of SWS and the sleep cycle would begin over again (see Fig. 3).

i'il Thus, there should be a reduced turnover of 5-ttT in the raphd preceding SWS

i_!_l_ and a reduced turnover of NA in the LC preceding PS (Routtenberg, I973).This interesting model required further investigation, although it should be

, mentioned, however, that Pujol et al. (1968) have demonstrated an increased
t

rrellatded to stages of v.'a_

:".l Tile model described above does not explain tile role of the DA systenl in tile voltage fast activity S.l.l

sleep-wakeft,lncss cycle. This system as well as the NA system is extensively Sleep-Waking Behaviow

"',.'.iI involved in the regulation of waking n,echanisms. Jouvet (1972) and other Res. Report .Xr2. Uni,

• !t
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: PGO waves when delivered to other authors (Jones et al., 1973) postulate that tile DA nigrostriatal system may be
:,.4magnus; see Dement etal., 1973). involved in behavioral arousal and responsiveness, while the ascending NA
-_inhibited during PS. McGinty and system is involved in tonic elecm)cortical activation. We believe that possible
ells in the dorsal raph6 and clearly inhibitory influences from the LC on the raph6 _d inhibition of nigrostriatal
zof these units during PS and in SWS DA system by rhe raphfi (Kostowski et al., 1972; Gumutka et aI., 1973) offer
e. nucleus, some partial explanations for the complexity of the PS stage. The inhibition of
_,ystems seem to be :ne of the most the 5-HT system of the raph_ by the LC reduces the signs of SWS and,

rrr-wakefulness cycle. When SWS is consequently releases the nigrostriatal DA system from the inhibitmy influen-
• are inhibited and vice versa. Such a cies of the raph& Thus, both the waking system and the PS system might be
' of investigators although many dis- active during PS however, welt-organized motor behavior characteristic of the

of this phenomenon. A feedback waking stage is inhibited by muscle relaxation probably mediated by caudal
t)asi °qf sleep-waking regulation has portions of the LC (Jouver, 1972; Dement et ai,, i973). The model I wish. to
197_. Dement et al., 1973; Routten- propc:;e is schematically summarized in Fig. 4. These speculations will obvi-
me negative feedback from the LC to ously require further studies; particularly, interactions between the 5-HT
. According to a model proposed by system of the raph_ and the DA nigrostriatal system should be extensively
a is controlled by the LC. On the other analyzed using biochemicai, behavioral, and bioelectrical me!hods.
aph6 system (and controls the raph6).
with the well-known theory of Jouvet
"al theories of Hernandez-Peon SLEEP STAGES AND BIOGENIC AMINES

.463), and Nauta et al. (1966) of

,,eepandwakefuInessstates. Routten_ w ¢ M/ k./ _/"N _ fN _/"x _ _.._.._
a_. in th',: !e-e!s of 5-!tT and the

".estagesof sleep.Accordingto this A
_ition of the SWS system_leads to a $-$w . _ "'-_,
_:aryaandterminals.Then5-HT,after i

:heactivityof theLC, noradrenergic [ 1 I
raph_ to the LC, because of inhibition S-LVF _- _ ,
ofcatecholamines to some "critical" J

.... ONSET_/
:ert an inhibitory influence upon the ONSET-----.: OF S-LYE _.

OF S- SW'_ ;% /" ""would be decreased a "buildup" of SEROTONIN IIOREPt

n-no,--" hen reaches a critical level for LEVEL [ _/ _ LEVEL

wout¢ oegin over again (see Fig. 3). r_"J,,,jS .... "" ....

"of5-HTintheraphfiprecedingSWS ;"" ""
preceding PS (Routtenberg, 1973).

investigation, although it should be
968) have demonstrated an increased

Fig. 3. Irlypothetic',d changes in 5-1tT and NA levels and variations within each level as

xplain the role of the DA system in the rrellatdedtostagesof waLefulness(W), sleepwithslowwaves(S-SW)andparadoxicalsleep(low
voltagefastactivityS-LFV).(Roullenberg,A. In:NeuralSystemsand Circuito"Concernedwith

well as the NA systenl is extensively Sleep-WakingBehaviour,editedby P.J. MorganeandW.C. Stern, BrainInfomaationService,
".echanisms. Jouvet (1972) and other Res. ReportNr 2, Univ. Calif., Los Angeles, pp. 33-38.)
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R E M SWS lntraventricular a,
hypothalamic self-st

,_ reinforcement has IxDepletion of brain 5-
self-stimulation (Po
5-HT as well as a

self-stimulation and
al., 1973). It should

recentlyreported_ot
1974; Kadzielawa,

i self-stimulation, an,zielawa, 1974). The

• systemsinthebrainit (Wise etal., 197_

il_i_li 1 _A 5"]' '_ _ 5"]' _ withFinally' theaatag_respectto aggre

I l-ig. 4. Schema of brain mechanisms of sleep _howing a feedback relationship between limits of the present,
serotonergic system of the raph_:(5-HT), the noradrenergic s)stem of the locuscoeruleus (NE) and

• the dopaminergic nigrostriatal system (DA). White atrows-"activation", black-"inhibition", After administration

dashed-unknown influences. The DA system is supposed to be involved in behavioral arousal

during waking state, the NE system controls EEG arousal mechanisms in both waking and rapid PERIVENTRICULAR SI

!_| eye movent sleep(paradoxical sleep, RUM). The 5-HT system of raph_ is involvedd in behavioralinhibition and cortical synchronization and controls slow wave sleep (SWS). During SWS the -i.I_BIC FOREBRAIN
" ._ • 5-|I'1- system inhibits bo:h !he DA and NA s_stems. During REM negative feedback from NA

inhibitory control of raph6. Thus both the NA and {he DA system might be active during REM; _ .... --
however, well-organized motor behavior characteristic of the waking stage is probably inhibited ._

_; due to muscular relaxation mediated by caudal portions of the locus coeruleus (see text)• NE_ ) |+)SHI

O. OPERANT BEHAVIOR, AGGRESSIVE, AND
. }i BRAIN MA INTERACTIONS

.I FB
_: The antagonistic effects of the 5-HT and NA systems are also well known in i'
., studies utilizing operant conditioning methodologies. The findings of Stein ['-
_i! (1968), Wise and Stein (1969), and Wise etal. (1973) support the idea that ,

" i i:_ behavior may be facilitated by an (_-noradrenergic reward system and suppres-

s*' sod by a serotonergic punishment system. These systems appear to function Fig. 5. Diagramshe

,>i_ reciprocally in the control of goal-directed behavior (Fig. 5). Evidence that the mechanismsandbehavio,
/ i NA system is involved in reward mechanisms has been extensively sum- cholinergic systemsupp_
I marized by Stein (1968), Arbuthnott etal. (1970), Berger etal. (1971), Wise punishmentog failure to

":; probably other 5-HT col!

'5i and Stein (1969). According to Wise etal. (1973), the 5-1tT system could suppressorcells(PVS).'.
_! appose the NA reward system and thereby inhibit goal-directed behavior. Biol. Psychiat. 1973,6:

u_

(]

i
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,,._WS lntraventricular administration of I-NA facilitated bar-pressing for
hypothalamic self-stimulation. The role of the LC in the mechanism of positive

• _ reinforcement has been recently established by Arbuthnott et al. (1970, 1971).
'Depletion of brain 5-HT by treatment with pCPA has been reported to facilitate
self-stimulation (Poschel and N iteman, 1971). Intraventricular injections of

5-HT as well as an or-blocking drug, phentolamine cause suppression of

self-stimulation and increased the suppression of punished behavior (Wise et
aL, 197_ .. It should also be pointed out that dopaminergic receptors have been

recently reported to play a role in reward mechanisms (Clavier and Routtenberg,
1974; Kadzielawa, 1974). L-Dopa and apomorphine increased the rate of
self-stimulation, and these effects were antagonized by haloperidol (Kad-

t.- zielawa, 1974). These findings support the concept that the catecholaminergic

systems in the brain may facilitate behavior and the 5-HT system can suppress
it (Wise et at., 1973).

DA 5111 _E Finally, the antagonistic role of 5-HT and catecholamines may be mentioned
with respect to aggressive behavior. The discussion of this problem exceeds the

,f sleep showinga feedb_;'krelationship between limits of the present discussion however, some findings, should be mentioned.
aoradrenergic system of the locus coeruleus (NE) and
,. White arrows-"activation", black-"inhibition", After administration of pCPA increased aggressive behavior as well as inten-
'm is supposed to be involved in behavioral arousal
, EEG arousal mechanisms in both waking and rapid _RIVENTRICULAR SUPPRESSOR CELLS

The 5-HT system of raph_ is involvedd in behavioral 4 INHI B ITORY OUTPUT TO

controls slow wave sleep (SWS). During SWS the LIMBICfOREBRAIN CENTRAL GRAY / MOTOR NUCLEI AND
•, PVS /_ BEHAVIOR

sy._.cms. During P.EM negative feedback from NA F I I ! ,

activity and consequently releases DA s', stem from [ I_' ' 1 '7
,A and the DA system nfight be active during REM; ] l ACI'I_., ¢. I 0

Jdal portions of the locus coeruleus (see text).

]I,li --
GRESSIVE, AND CELLGROUPSIN PONS

MFB & M[DULLA INPUTSTIMULI

• [ _ 5HT L -PUNISHh',ENI,_fFandNAsystemsarealsowellknownin
I 1-"mg t_thodclogies. The findings of Stein I

_dW _.et al. (t973)support the idea that [ _ NE bl,---_R[WARD
-noradrenergic reward system and suppres- I 1

system. These systems appear to function Fig. 5. Diagram sho_ing the hypothetical relationship between reward and punishment

_rected behavior (Fig. 5). Evidence that the mechanisms and behavior. Signals of positive reinforcement release behavior from periventricular

:i mechanisms has been extensively sum- cholinergic s)s_em suppresskm due to an inhibition mediated by noradrenaline (NA). Signals of

_ttet al. (1970), Berger et al. (1971), Wise punishment ogfailureto increasebehavioralsuppression by activation5-liT-cellsof raph6 (and
probably other 5-1tT celt groups). Thus, NF inhibits and 5-]tT excited the peri',entricular system

ise et al. (1973), the 5-HT system could suppressor ceils (PVS). MFB medial forebrainbundle. (Wise, C.D. Berger, B.D., and Stein, k.,
nd thereby inhibit goal-directed behavior. Biol. Ps).chhlt. 1973.6:3-21.
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sifted sexual behavior was observed in rats (Karli et o1., 1969; Sheard, 1969; system. It i
Shillito. 1969: Tagliamonte et al., 1969) and m cats (Ferguson et al., 1970). turno_ er ot
pCPA not only increases mouse-killin_ behavior in rats (Sheard, 1969, 1973), turnover.

but also potentiates the muricidal effects produced by removal of the olfactory lnjectiot,
bulbs (DiChiara et al.. 1971). Lesions of the dorsal and medial raphfi nuclei evoked b_

have been reported to induce mouse-killing behavior in naturally nonkilling rats suggest th,.
(Vergnes et al., 1973; Grant et al., 1973). Since the time-course of this lnteracti,
mouse-killing behavior was paralleled by a progressive reduction in bra in 5-HT one of the ;
one may assume that this neurohormone contributes to an inhibitory effect upon A model _

aggressive behavior (Grant et al., 1963). On the other hand, other inves- among the
tigators did not observe mouse-killing behavior in rats induced following shas been,
lesions of the raphe system (She,_:d, 1973; Kostowski et al., 1974b). It was The ant::

observed by Benkert et al. (1973) that fighting and mounting behavior occurred potential b
when the catecholamine level of the brain was high and 5-HT content was cons;dered

: markedly reduced. These results were based upon experiments in which MA nin :rod c._
levels were altered in animals treated with pCPA, L-dopa, reserpine, and havior.

t Thus, catecholamines (particularly DA) and 5-HT seem to play antagonistic F. REFE_

rolesin the regulationof aggressiveandsexualbehavior. ..'_ghajan,:m._

brain b,, .!

...::..-!..::.).:;.::: E. SUB/fMARY Aghajan,an.

i,[ ' ....... " -- _,;-m'c'n brein n,n,,c,.miner_,ic systems have been recently in- _.lngl¢hi,

illt"'lca"'lOl't° .................. -,'z-" . .-Xndt_'n. N-I"

i vestigated by' several authors. The data concerning such interactions offer new Dem,,n,_
hypotheses for the clarification of sleep--waking cycle mechanisms, reward and And,.'n. N-F

ii punishment mechanisms, emotional behavior, and the regulation of motor 5.h,.dm,activity. 4:_275.

:Jl With histofluorescence methods numerous anatomical connections between
N.I

i serotoner_ic svs,.emsof the raph6, no'radrenergic systems of the locus coeruleus ..x,,.'c,,,_,,
" 67:313.3

' and the dopaminergic nigrostriatal pathways ha-,e been detailed. The medial

il! ..,n,,,:-,,.X.,{ and ventral portions of the locus coeruleus provide projections to the raphS; _,,n,,_a_=.
,!_ projections from the raph6 to the locus coeruleus, however, have not been arbumn,,,.

Ii_ definitively established. It is also known that some dopaminergic cell bodies, _l,,,.u,,-,, ..'krbuthnotl.

2' i)_ probably groutxzd within the substantia nigra, send their axons toward the ,.,:lf-,,tn_

" i) [ _ raph6. On the other hand, numerous serotonergic terminals were localized in Bcau,alh.'t. '
i: ti! the substantia nigra. 5.h.,.dro.

!i i'!i : Lesionsofthe raph_, system increase the effects of amphetamine but decrease Ucn|,_-,,. ,
or block the cataleptogeniceffects of neuroleptics. These and other data 5-h_dro,

[1 • indicate that lesions of the serotonergoc system of the raph6 lead to an increased ,,:,d t,t
iiI pine.3,<

. , ! reactivity of the dopaminergic nigrostriatal pathway. Thus, it tnay be
: ; "' ;" '1 hypothesized that the raph6 exerts excitatory influences ur,on the dopaminergic I.,_cral

I

>
." ,

, : . .i,_,,-_,_dL_,_,,_-..,b . . . ._ _ _.,.a21_"

" " ' "". - .:":-_". ' :';:" : "::.'"7C". , ':":'. :".: ........ -;.. , .. ',. , ..... ............. • , .',:'_
' " ""' ' ": "' , .. . ,. L'" ." , "',2"
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arli et al., 1969; Sheard, 1969; system. It is also known that lesions of the locus cocruleus lead to a increased

m cats (Ferguson et al., 1970). turnover of brain serotonin and lesions of the raph6 probably increase brain NA
or in rats (Sheard, 1969, 1973), turnover.

_cedby removaiof the olfactory Injections of serotonin into the locus coeruletts inhibit PGO-like activity
dorsal •nd medial raph_ nuclei evoked by reserpine in cats. In summary, these and other experimental data
_avior in naturally nonkilling rats suggest that the locus coeruleus and raph_: reciprocally inhibit one another.

Since the time-course of this Interactions between the serotonergic and noradrenergic systems seem to be
eressive reduction inbrain 5-HT one of the most important mechanism regulating the sleep-wakefulness cycle.

_utesto an inhibitory effect upon A model of a s,-ep-waking regulatory mechanism, based upon interactions
m the other hand, other inves- among the raph_., locus coeruleus, and the dopaminergic nigrostriatal systex-
wior in rats induced follox_ing shas been described.

_ostowski et al., 1974b). It was The antagonistic effects of the serotonergic and noradrenergic systems as a
and mountingbehav!oroccurred potential basis for reward and punishment mechanisms have been briefly
vas I"_ and 5-HT content was considered. Some attention has also been given to an opposing rote for seroto-
upon experiments in which MA nin and catecholamines in the mechanisms cc acerned with aggressive be-
pCPA, L-dopa, reserpine, and havior.

vlase) in various combinations.
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