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Abstract

The neurotransmitter serotonin (5-HT) regulates the embryonic
development of the identified Helisoma neuron B19 and modulates its
electrical activity in the adult animal. In both of these responses,
membrane depolarization is thought to play a critical role. To examine how
5-HT leads to depolarization of neuron B19, electrophysiological
experiments were conducted to characterize the ion channels, receptors and
second messengers that produce the response. To achieve this, neuron B19s
were isolated in cell culture and examined with whole-e#ll and single channel
patch clamp recordings.

Current clamp and voltage clamp expesiinents indicsted that 5-HT-
dependent depolarization of neuron B19 is mediat: ' “hrough the activation
of a maintained inward current. Ion repleces ~xperiiments indicated
that sodium was the physiological casrier urrest, however, the
reversal potential of approximately -3¢ =" .. . =shed shat the current
conducted cations non-specifically. Whsile esic:um casvied a small portion of
the current, reduction of extracellular ealcium comswntrations actually
resulted in a large increase in current ssmglitude

cAMP analogues, phosphodiesterass inhihitare amd kinase inhibitors were
employed to determine the role of @wlic nuelestides in mediating the
response. These experiments indicate# tha: S8BT normally induces the
production of cyclic nucleotides in newren B19 @hrough a G-protein coupled
receptor, followed by activation of the jem current. This current activation
was not dependent upon phosphorylation, rather it occurre through direct
gating of a small conductance ion che..unel by either cAMP or cGMP. The
sensitivity of the whole-cell current to calcium ions and the direct activation

to the cyclic nucleotide-gated ion channels of vertebrates. Pharmacological
experiments revealed that the neuron B19 5-HT receptor is most similar to
a 5-HT receptor coupled to the activation of adenylate cyclase from
Drosophila, drol. Since the regenerative neurite outgrowth of neuron B19 is
inhibihdbyb—lﬂinadopdaﬁuﬁondomthhi@.thg&!ﬂm
Mmthuthedomayphyaaiﬁulmhinthemﬂ:ﬁuth
embryonic development of this identified neuron.
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D Introduction

The biogenic amine serotonin (5-HT) has long been known to function
as a neurotransmitter in the nervous systems of molluscs. Moreover,
much of the original evidence supporting the hypothesis that 5-HT is a
neurotransmitter arose from studies of molluscs (Paupardin-Tritsch and
Gerschenfeld, 1973). As a result, a tremendous amount of research on

learning and memory. Furthermore, the cellular mechanisms through
which 5-HT serves these functions have been elucidated. More recently,
evidence shows that 5-HT acts as a factor regulating the development of
the nervous system of Helisoma trivolvis (Goldberg and Kater, 1989). A
hypothetical mechanism describing how 5-HT exerts this action, may

development in both molluscs and other animals (Mattson and Kater,
1987; Mattson and Hauser, 1991). The study presented herein examines
the signal transduction pathway for 5-HT in an identified neuron from
Helisoma, whose neuronal development and activity in the adult is
influenced by 5-HT.

Molluscan neurons have been and continue to be useful experimental
models for many aspects of how nervous systems function at both the
cellular and behavioral levels. Early research into the ionic basis and
such as the squid giant axon (Hodgkin and Huxley, 1952) and molluscan
of electrophysiological recording techniques. The uniquely large
presynaptic and postsynaptic elements of the giant synapee in the squid
Miledi, 1967; Llinas and Nicholson, 1975; Llinas et al., 1976). The sise of




recording electrophysiological events and for the iontophoretic injection of
chemicals directly into the presynaptic terminal. The ability to introduce
both recording and iontophoresis electrodes into the large cell bodies of
molluscan neurons made them ideal for examining the transduction of
neurotransmitter signals (Castellucci et al., 1980 and 1982). This allowed
both the recording of the electrophysiological response to the
neumtﬁmmitter ind the intruducﬁon af iuh:tnneu into the mtnealiular

the m;ducban process.

In addition to large size, another major advantage of molluscan
neurons is that many have the property of identifiability. Individual
neurons can be reliably identified in a given experimental preparation due
to characteristic cell body locations, pigmentation and electrical activity.
Idantiﬁnbiiity is extremely uieful lmce it permit- the rﬂurchar to

determmg with p,rgcmon the:r :ynnpnc mt,anchml. As wall, t.he
neurotransmitters they contain and are sensitive to can be analyzed.
With this information one can then see how all these factors interact to

the mnllumn bnin fle.lht,itu t.he :tudy o!' more eamp!gx npem of
nervous system function, such as those associated with learning and
memory (Kandel and Schwartz, 1982). Since it is possible to locate the
same neurons from preparation to preparation, it is also possible to

stermine how their stereotype properties are altered by experience.
ﬁeﬁtmlmghmuaehmmthmbmndlﬁdtheu

The uﬁhtyﬂmoﬂmmnmﬂd;fornmmﬁm



neuronal control of feeding is a well studied example of such a role. In
gastropods, rhythmic contractions of the buccal mass musculature are
responsible for feeding (Kater, 1974; Cohen et al., 1978). The buccal
ganglia contain the motoneurons and interneurons that innervate the

1974). The cerebral ganglia of many gastropods possess a bilaterally
symmetrical pair of giant serotonergic neurons (GSN: Gelperin, 1981;
Granzow and Rowell, 1981). These neurons send axons to the buccal
ganglia where they modulate the activity of a number of the neurons

Gerschenfeld, 1973; Cottrell and Macon, 1974; Granzow and Kater, 1977;
Gadotti et al., 1986). GSN axons also extend to the periphery where they
directly modulate the contractile activity of the buccal musculature
(Weiss et al., 1978).

The nature of GSN influence on buccal ganglion neuronal activity has
been studied in a variety of species. In Aplysia, Limax and
Pleurobranchaea, stimulation of the GSN excites a variety of neurons.
This leads to a general increase in the frequency of the patterned motor
output of active buccal ganglia, but does not initiate sustained activity in
inactive ganglia ( Gillette and Davis, 1977; Weiss et al., 1978; Gelperin,
1981; Kupfermann and Weiss, 1981). Therefore, 5-HT is thought to play
a modulatory role by accelerating the feeding motor output ( Kupfermann
and Weiss, 1981). However, in Helisoma and Tritonia, in addition to being
able to modulate the output of an active feeding rhythm, GSN activity
can initiate the rhythm in inactive preparations (Granzow and Kater,

as feeding, 5-HT is also important at higher levels of nervous system



withdrawal reflexes (Kandel and Schwartz, 1982). When a noxious
stimulus, such as electricrl shock to the tail, is applied to an Aplysia, the
gill withdrawal response to weak tactile stimulation of the siphon is
enhanced (Kandel and Schwartz, 1982). The 5-HT involvement arises
from activation, by the noxious stimulus, of a group of serotonergic
interneurons that synapse onto the presynaptic terminals of the siphon
mechanosensory neurons. These sensory neurons excite the
motoneurons that control gill withdrawal. 5-HT causes presynaptic
facilitation of neurotransmitter release fror: the siphon sensory neurons,
resulting in a larger EPSP in the follower neuron (Kandel et al., 1981).

Depending on the number, timing and intensity of noxious stimuli
delivered, sensitization can last from several minutes to several weeks
(Kandel and Schwartz, 1882). The immediate result of 5-HT exposure to
the sensory neuron terminals is the cAMP-mediated closure of a class of
potassium channels that are normally open at the resting membrane
potential (Klein et al, 1982; Siegelbaum et al., 1982). This leads to a
lengthening of the repolarization phase of the sensory neuron action
potential, which will enhance the influx of calcium into the presynaptic
terminal. The end result is the enhanced release of neurotransmitter from
the sensory neuron presynaptic terminals onto the siphon-withdrawal
motoneurons (Kandel and Schwartz, 1882; Blumenfeld et al., 1990). Over
the long-term, morphological changes occur whereby the number and size
of transmitter release sites in the sensory neuron terminals are increased
(Bailey and Chen, 1883). Furthermore, prolonged exposure to 5-HT leads
to the activation of cAMP response elements that results in the
Mdmmmmmwmmwmchm
in synaptic strength (Kaang et al., 1993).

iii) Electrophysiological actions of 5-HT in molluscan neurons

Several studies have examined mechanisms through which 5-HT
influences the electrical activities of molluscan neurons. From these
studies it is apparent that 5-HT has a multitude of electrophysiological



actions. Nowhere is this better demonstrated than in one of the first

studies examining 5-HT activities in molluscan neurons. Using neurons
from Aplysia and the snail Helix, Gerschenfeld and Paupardin-Tritsch
(1974a and b) identified six different electrophysiological responses to 5-
HT, three depolarizing and three hyperpolarizing. Moreover, at least four
of these responses were mediated through pharmacologically separate

The first 5-HT response Gerschenfeld and Paupardin-Tritsch described
was a rapidly activating and short lived depolarization seen following
iontophoretic application of 5-HT to certain neurons. Repeated
application of 5-HT resulted in a marked desensitization of the response.
Sodium-free recording conditions reduced this response, while the
pharmacological agents tubocurarine, LSD, tryptamine, 7-
methyltryptamine and bufotenine were also effective at reducing this
mpnme Becaule of 1t.: ion :gle(:hwtjr. rapid kinetics, mptablhty tu
response, l:balled thg A—rg:ponu, rgsemhle: E-H'!‘ responses in
vertebrate neurons that were later found to be mediated by the 5-HT3
receptor-ion channel complex (Maricq et al., 1991).

The second depolarizing effect seen following iontophoretic application
marked desensitization with repeated 5-HT application. Like the A-
response this response was reduced by elimination of sodium ions,
however, it was not blocked by tubocurarine, tryptamine, LSD or 7-
methylt.ryphmna Only bufmnine was fmd to be eﬂ"eehve -t
A-mpmn: Raeanﬂy. m lumhr to A responses h-va m
observed in the identified Aplysia buccal ganglia neurons B15 and B16
(Tnunig-m IQBS-KifketnL, 1988). Interestingly, in both these latter




The third depolarizing response seen was rather atypical in nature.
The amplitude of the depolarization decreased in size when the membrane
potential was bmught to more negative potentials, and became a
hyperpolarization at membrane potentials more negative than -75 mV,
the potassium equilibrium potential. Associated with this response was a
substantial increase in cell input resistance, which together with the
response having a reversal potential of -75 mV indicated that this
mpmmduewthaﬂmﬂﬂf:pmmmmmtunmﬂly
open at resting membrane potentials. This response, labelled the a-
response, resembles the response that was later refered to by Kandel's

E—HTgpphuumnhomﬂhdmm

medutaﬂbythcnpemgef:pnt:mum:hmel Thump@niu
blockable with LSD, bufoten

mmwmmmﬁmommmmgmam
neurons. It involved a hyy irization that had a reversal potential of
ﬁmVﬁmmﬁut&mﬁﬁmﬁmimmmm
sulfate ions. Therefore this action of 5-HT appeared to involve the
opening of a chloride channel. Thi:mwnhhdldthec-m
mdenuldbphmnmloﬁallyinhihhdby;; , L8SD and

mmwﬁnmdm-lbdbyﬁ”” ] and
Ewmmmm-m 'I'hqfcundﬂnnhmpﬁmdoaf
’fﬁ;’;ndm:mmam-una-ugv
mmmmmwmm&-m
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cell input resistance was associated with this response . Therefore this
response, labelled the B-response, was likely due to the closure of an ion

Since this early study by Gerschenfeld and Paupardin-Tritsch, several
other electrophysiolgical effects of 5-HT on molluscan neurons have been
identified. Moreover, the importance of second messenger systems in
mediating some of these actions has become apparent. In the identified
Aplysia neuron R15, 5-HT has two distinct actions (Lotshaw et al., 1986;
Levitan and Levitan 1988) At low eonaentnti@nl 5-HT led tn an

bursting neuron. At higher eoneentrahom, Lgvltlnmdhv:tln (1988)
dsonotedthatS—HTpotenhatedalowvdupanchﬁtedalammt,
that activated at -70 mV and resulted in an enhancement of the
depohnnngphueoftbehmtﬂmemld&mthep-ﬁmdmviq
of&lﬂwmmimi&odbyfmkoﬁnacﬁnﬁmd:denﬁaﬂeydmxhy

&HThualaobmshmtomﬂmﬁlaumeumﬁmﬂhcr
molluscan preparations. In identified neurons from the viscerc
ganglionic mass of Helix, Paupardin-Tritsch et al. ( 1986) showed ﬂut 5—
response was mimicked either by injection of cGMP into the cell soma or
by phorbol ester activation of protein kinase C, sugge ing two separate
nwndwcydmamwumthtmm The net
result of calcium current enhancement was an increase in the width of
action potentials.

iv) Neurotransmitter regulation of neuronal development

Neurotransmitters have a well defined function in synaptic



these substances are equally as important in the development of the
nervous system, acting as factors regulating neuronal development. The
form that this regulation tnkg; covers many npect; of neuronal
devehpmmt mdudmg L:"

ngmlhngtathedevﬂmmthenﬁvﬂntheamkm
where synapse formation is to occur (Mattson and Hauser, 1991;
Whitaker-Azmitia, 1991; Lauder, 1993).

The idea that ne ransmitters may act as factors that stimulate
neumblmtnmdmdmgmddlﬂ‘mhntemt@mmmﬂy
&omthgrmﬂtjnfwtlbyhudcrmdhneﬂm(lm) In
thedevdwnthrmnﬁ-ﬂTnMwuﬂymhphgmi
the brain stem, prior to the incorporation of these cells into neuronal
circuits. The deve ping Raphe neurons extend both ascending and
descending processes. 'lh;mvnld‘thuam:tothumnf
thahmnoﬁmmnﬁdﬂﬁthtbmﬁmim
hypot! ,,?;p—éluuphmylﬂmmundtodcmms-ﬂr
concentrations. This resulted in a continuation of neuroblast proliferation
baymd the normal time frame, thereby supporting the idea of a

velopmental role for 5-HT as a differentiation factor.

Evidence that neurotransmitters can either directly or indirectly
flﬁlitnhthm&murmﬂmi-mﬂdﬁﬂjnnm
of sources. In cultures of cerebellar granule cells and se .
m&&mmmwmmm&
these cells to extend processes (Hansen et al., 1987; Michle » and
Wolff, 1987). Mmmhﬂm&mmﬂ-
tﬂMdﬁtM&ﬁlﬂhﬂhMlﬂm
Deakin, 1992). While these studies suggest that the neurotrans




themselves were acting as trophic factors to facilitate process extension,
evidence that ne ransmitters can also stimulate the release of growth
factors from glial eell; has recently been obtained. In rat brain 5-HT
causes astrocytes to release a growth factor, S-100, which supports the
development of serotonergic neurons (Whitaker-Azmitia, 1992),

erdehwhehnemmtteﬁmwellmteﬂnmmumgl
neuron's developing dendritic region that it should stop growing and
studies provide strong support in favor of this hypothesis. In cultures of
chick tectal neurons, GABA exposure inhibited the otherwise vigorous
pmsdnbmnhmmunderm free conditions (Michler-Stuke and
Wolff, 1887). Similarly, in cultured rat cortical neurons activation of 5-
HTIA receptors mh:blted process length and the extent of neurite
wching (Sikich et al., 1990). Whﬂemmvum:tud:n.wanﬂ'hw
mgnmhmﬁm&mmﬁ-m" yptamine into pregnant
nﬁmﬂtdmﬁameﬂnmhenafﬂmemmnﬂlmthe
offspring (Shemer et al., 1991).

Studies have also shown dopamine to inhibit process extension. In
nﬂmmﬂmmmMnmﬁmmmmm
mmmwmnﬁmmmtmnd
1987). In Drosophilea DfDdc mutants, which are inegp-bh of
synthesizing 5-HT or dopamine, the branching of serotoner ron
thltinmﬁthemmmﬂgmnd(ﬂﬂnikdﬂ lﬂ) Whm
mutant larvae were fed dopamine, but not 5-HT, normal branching was

Mdﬂm&iﬂﬁﬁﬁmimhmwhhimﬂ
Mdﬂmhﬁbﬁamrﬁmmmdudﬁﬁui
(lhﬂmmdﬂmnr.lﬂl) Whnmdlynldmhﬁhimpl




pyramidal neurons were exposed to low doses of glutamate, kainic acid or
quisqualic acid, Mattson and his colleagues (1988a) found the rate of
dendritic outgrowth was reduced. At intermediate doses dendrites began
to retract, while only at higher doses did axonal outgrowth become
inhibited. The highest doses were found to be cytotoxic. Co-cultures of
entorhinal cortex explants and hippocampal pyramidal cells were then
made to test what effect a natural glutamate source would have on
dendritic outgrowth. It was found that pyramidal cells that contacted
entorhinal cortex axons possessed less elaborate dendritic arbors than
those that occurred at a distance (Mattson et al., 1988¢).

In examining the intracellular mechanism responsible for these actions
on pyramidal neurons, it was found that glutamate application resulted in
an increase in intracellular calcium concentrations, as measured with the
calcium sensitive dye fura-2 (Mattson et al., 1988b). Moreover, it was
possible to prevent both the dendritic regression and cytotoxicity of
glutamate by incubating cultures with cobalt and mimic the effects with
the calcium ionophore A23187 (Mattson et al., 1988a). Phorbol-12-
myristate-13-acetate activation of protein kinase C could also mimic
these actions of glutamate (Mattson et al., 1988b). Taken together it
was concluded that glutamate activation of a non-NMDA receptor caused
calcium influx and protein kinase C stimulation that resulted in inhibition
of dendrite outgrowth.

In addition to glutamate, fibroblast growth factor (FGF) exerts a
regulatory influence on pyramidal cell dendritic arborization. When
cultures were incubated with FGF for several hours it was found that the
mdﬁﬁtyofmhﬂuhmhwudniﬂunﬂywm
dendrites continued growing (Mattson et al., 1989). This effect of FGF
was ‘dependent on both gene transcription and protein synthesis.
Mc.thuomﬂhindiahthtinhimpdmmiddm
tbomuddm&iﬁcmwum&dldbytbcmmetdﬂn
factors that the dendritic arbor is exposed to. If the dendritic arbor is
mglmmmuhwmhmdommmw.muu



11
is in a state permissive for growth FGF would be expected to be dominant
(Mattson et al., 1989; Mattson and Hauser, 1991).

v) Serotonin and neuron B19

Molluscan neurons have been instrumental in furthering the concept of
neurotnnmtteﬂ functioning as regulators of neuronal development.

periments by Kater and colleagues using identified neurons from the
pond ina;] Helisoma trivolvis provide in vitro and in vivo evidence that 5-
HT serves to regulate growth cone motility and the state of neurite
outgrowth of specific identified neurons. Moreover, experiments into the
mechanism underlying these actions have been central to the
development of a model concerning the regulation of growth cone activity
by calcium.

bueal gangln (K:tar. l974), In t;he !ngll, neuron 319 innervates t.he
supralateral radula tensor muscle, which is involved in protraction of the
odontophore during the feeding rhythm (Kater, 1874). Neuron B19
receives synaptic inputs from a variety of sources, including
osensory neurons and several interneurons, which coordinate the
rhythmic ﬂrinc of the motoneurons responsible for protraction and
'ac of the buccal mass and raduls (Kater and Rowell, 1973; Kater,
1974 Hurphy, 1891). Neuron B19 also receives serotone ic input from

thammmbnlpmteaﬂ(el)dthembrﬂnnﬂh(ﬁnnmm
Klﬁr 1977; Gﬁhtﬁetll. 19886). ﬁmﬂaﬁmd‘mClmﬂﬁhh

ythmic mmtput. E@oﬁmenhmminmgthil input indiﬂta that
it persists in high extracellular calcium and therefore is likely a
monosynaptic input.  Furthermore, the synaptic communication
MWCIMBIQHWI ‘trﬁsH‘Thnhinthmﬂ
are lowered by treatment with 5,7-dihy ' rine (Gadotti et al.,
1688).




Individual B19s can be removed from buccal ganglia and placed in cell
culture. Under the appropriate cell culture conditions B19 will regenerate
new neuritic processes, each of which is tipped by a growth cone. When
imlité& 3193 are é'xpojed to S—HT the ﬂlopodil of tha ﬁrowth cones

was I,Ekd‘.!va for specific mpomivg neurons :uch as 319. Pl and PS, ,bnt
not for other non-responsive neurons such as B4 and B5 (Haydon et al.,
1987; McCobb et al., 1988). Moreover, focal application of 5-HT to an
individu:l neuron BIQ growth cone nnly multed in ﬁlopodial retraction in

irufact Mur:mn et al. (1990) examined the ;b;hty af &HT ta mﬂumee
neurite regeneration following axotomy in vivo. Consistant with the cell
culture studies, the normal profuse regeneration of neuron B19 following
axotomy was significantly reduced with 5-HT exposure, while the

Initial experiments investigating the mechanism through which 8-HT
potential generation in neuron B19 also caused filopodial retraction
(Cohan and Kater, 1986). To examine the linkage between these two
stimuli, McCobb and Kater (1988) performed experiments testing the
ability ol' 5-HT to imtute lctian pﬂtanﬁnl lcavity in neuron Blﬂ Using

in action potemill nctivzty in neuron BIB but not in neuron BS
Furthermore, the inhibition of growth cone motility by 5-HT in neuron
B19 was blocked if the cell membrane potential was artificially
hyperpolarized. Taken together, these results suggest membrane
dnpnhrinﬁcn is a critical step in 5-HT-induced inhibition of neurite



Further support for this hypothesis came from experiments examining
the combined effects of 5-HT and acetylcholine (ACh). When Ach was
applied alone to neuron B19, no change in outgrowth was observed.
However, when 5-HT and ACh were applied in tandem, the inhibitory
actions of 5-HT were blocked (McCobb et al., 1988). Neuron B19
possesses tubocurarine sensitive ACh receptors (Haydon and Zoran,
1989) that control a chloride conductance. The decrease in input
resistance accompanying the activation of these receptors results in a
shunting effect that prevents the 5-HT-induced depolarization of neuron
B19 and inhibition of growth cone motility and neurite outgrowth
(McCobb et al., 1988).

Further study of the mechanism underlying 5-HT's actions on neuron
B19 revealed that calcium ions play a critical role. Through the use of
fura-2, it was observed that both 5-HT and action potentials cause an
increase in intracellular calcium concentration in neuron B19 (Cohan et
al., 1887). Moreover, increasing intracellular calcium concentration with
the calcium ionophore A23187 was sufficient to cause inhibition of growth
cone motility and neurite outgrowth (Mattson and Kater, 1987). In
addition, the inorganic calcium channel blocker lanthanum prevented
inhibition of growth cone motility and neurite outgrowth due to 5-HT
(Mattson and Kater, 1987). Therefore, it was concluded that 5-HT-
induced excitation of neuron B19 resulting in the influx of calcium ions
through voltage-gated calcium channels, are the initial events in the
mechanism that lead to inhibition of growth cone motility and neurite
outgrowth. Although it is not entirely known how increased intracellular
calcium leads to inhibition of neurite outgrowth, experiments using the
calmodulin antagonist CGS 9343B strongly suggested the involvement of
calcium-calmodulin dependent protein kinase ( Polak et al., 1991).

An additional element that has been implicated in the mechanism
underlying 5-HT's actions on neuron B19 is cAMP. Growth cone motility
and neurite outgrowth were inhibited by increasing intracellular cAMP
concentrations, through treatment with either the adenylate cyclase
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activator forskolin or the cAMP analogue dibutyrl cAMP (Mattson et al.,
1988d). It has not been determined if 5-HT leads to an increase in
intracellular cAMP concentrations in neuron B19. Furthermore it
remains to be seen at what stage of the 5-HT response, if any, cAMP
acts.

ndult neurons ta examine the gﬂ'act.l nf B-HT on muntg outyowth, Tn
talt if the model thit hu arisen ﬁ-um these itudfie; can be extendad to

Embryoj tmted wlth 5 7-dxhydro:yt:jrpt,lmne ;umved :nd were
allowed to grow until they were large enough to be examined
electrophysiologically. In these snails, neuron B19 possessed
morphological anomalies and had formed abnormally strong electrical
synapees. Previous cell culture studies had reported that for Helisoma
neurons to form electrical synapses, the neurites of the coupling cells
B5, which normally form in cell culture (Haydon et al., 1987). Therefore,
in the in vivo experiments of Goldberg and Kater (1989), it appeared that
the lack of an inhibitory, serotonergic influence on neuron B19 neurite
outgrowth during embryogenesis resulted in the enhanced formation of
electrical synapses. Taken together, these studies support the
hypothesis that 8-HT acts as a regulator of neuronal development in
Helisoma.

Studies ulinzpﬁmuryeultuﬁu of dispersed embryonic cells have
further ¢ this hypothesis. 5-HT application to primary cultures
mmﬁhﬂﬁmduﬁum& pproximately 50% of the
neuronal population (Goldberg et al., 1990). Further, a large portion of the
neuronal population also responded to 5-HT with an elevation of
intracellular calcium concentration. It seems likely that this neurite
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outgrowth response was mediated through a similar mechanism as seen
in the adult cells.

The neurotransmitter 5-HT plays two major roles in the biology of the
xdentlﬁed buecnl mghcm neuron 319 For both raleu mgmhrnne

HT-dependent depolarization of neuron Blﬂu pruented Speuﬁenlly t.he
mnchmnehmpmblef