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PROLOGUE

A Prologue to a thesis is perhaps a break fronittoadbut it is felt that due to the involvement of
several people in this project it will serve toidehte each participant’s contribution. This projeas
initially conceptualised in 2000 and was to be siimeh for a M.Sc. degree. The idea of investigating
southern African psychoactive plant use came lhitfeom discussions with my then B.Sc. Honoursh(4t
year) colleague Michael Gardner and Honours SupervDr. Anna K. Jager. Discussions revolved
around the observation that African traditional limga shows similar characteristics to shamanistic
practices, in particular the practice of ancestonmimunication’. Unlike other shamanistic culturesch

as those found in South America, very few psycheaglant species were recognised in southern &fric

The release ofPeople’s Plants(VAN WYK and GERICKE, 2000) that contained a chep
dedicated to plants that affect the ‘mind and moestimulated further interest in this topic. Afteme
preliminary research it was clear that this area imaneed of further research and that perhapsdhpis
was too large for an M.Sc. For the next two yean#eM completed a Masters on the ‘Effect of sterag
on medicinal plants’ | continued to gather literaton African psychotropic plants. As | was neating
completion of my M.Sc. and at last about to tac®leuthern African plants used to treat central nas/
system related disorders’ for my Doctorate, J.Foi&ki published A preliminary inventory of plants
used for psychotropic purposes in southern Afribaaling traditions (SOBIECKI, 2002). This detailed
literature review, accompanied by new data fromarwiewing traditional healers, superseded the work
had done to this point. Although initially this wadarge disappointment, it turned out to be fer ltlest,

as it forced me to alter my research emphasis.

Both my initial research and Sobiecki's paper shibweat despite the numerous references to
potential psychotropic plants in the literatureAfrican traditional medicine, relative little vaition and
further investigations have occurred. This inspitleel continued documentation and extensive scrgenin

of these plants in sevetal vitro bioassays.

Professor Anna Jager, now co-supervisor for my Phdd moved from Research Centre for
Plant Growth and Development, Pietermaritzburgaketup a Pharmacognosy Professorship at the
Department of Medicinal Chemistry, University ofg@mhagen (Denmark). In 2003 | had the pleasure of
working with two M.Sc. (Pharmacy) students under sgpervision, Nicolaj D. Nielsen and Mikkel
Sandager, on the development of the serotoninpoates assay. This radiochemical bioassay wasyset u
at the Research Centre and was used to condufitsthecreening of plant extracts for selectiveosanin
re-uptake inhibition (SSRI) activity. At the sanmmé another two M.Sc. students, Jofrid Risa ancaAgl

Risa were working on plant material that | had tdfesd, collected and processed in South Africae3én



\Y,

were screened for compounds with an affinity feaminobutyric acid (subtype-A)-benzodiazepine
(GABA-benzodiazepine) receptor, and for AChE activityyedar later Ann B. Svenningsen and Katrine
Damkjeer Madsen came to South Africa to follow tlglown some of the active plants with an affinity fo
GABA ,-benzodiazepine receptor. Their work lead to tlateoon of flavonoid compounds with affinity

for the GABAs-benzodiazepine receptor frdRius(Searsia species.

In July 2005 | had the pleasure of travelling tgp@ohagen for six weeks to work in Professor
Anna Jager’s laboratories. | had brought with meessd Amaryllidaceae alkaloids isolated by Dr E.
Elgorashi from South African species and succegysfested them in the serotonin transporter assay a
for affinity for the GABAs-benzodiazepine receptor. This research resultedoublication; this research
however did not form part of this thesis. | hadbdisought an additional 46 extracts which wereestee
in the GABAs-benzodiazepine receptor assay leading to a sgadsigtation.

Another two pharmacy M.Sc. students from Profegsora Jager’s laboratory, J. Peter Almqvist
and Stefan A.K. Vangsge came to South Africa tlmfothrough on some of the active plants that | had
discovered while in Copenhagen. This collaborafiesh to the isolation and identification of active

compounds fronMentha aquaticén the GABA -benzodiazepine receptor assay

That same year | worked closely with Pernille Ddétsen on the development of a photometric
peroxidase linked assay to determine the inhibitadnthe oxidative deamination of tyramine by
monoamine oxidase (MAO) isolated from rat liverisTnabled us to screen twenty plants, used in Zulu
traditional medicine to treat several CNS-relatdthents, for MAO inhibition and specific MAO-B
inhibition activity. Additional researched conduttteith Helle T. Olsen oMentha aquaticdead to the

isolation and identification of a non-selective MAtibitor.

Mikael E. Pedersen, who worked in the Researchr€ehiring his Masters project, is finalizing
his Ph.D. at the University of Copenhagen on gpileptic and anti-depressive activity of South A#fm

plants that were identified through earlier workhis project.

An ambitious project such as this would not havenbpossible without the co-operation of all
those involved. | am extremely grateful to have tea opportunity to have worked with such talented
researchers. | am a botanist by training, having ktde formal organic chemistry education, | am
therefore extremely grateful to the chemists atthasersity of Copenhagen for providing the NMRalat

that lead to the identification of the compoundsatlied in this thesis.

G.l. STAFFORD
March 2009, Pietermaritzburg
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ABSTRACT

The majority of the population in South Africa usaditional health care to treat various mental
conditions. This thesis has two main objectivedyring together a comprehensive and detailed reabrd
psychotropic plants used in southern Africa by gedious peoples for medicinal or cultural purposes.
Secondly, this research attempts to investigatevillidity and rationale of the use of these plamgs
screening them in various biological assays focpeyropic activity. Plants were selected, basetheir
traditional use and availability, and were screemetbur assays, which detect biological activitiyeo
useful nature. A number a@f vitro enzymatic and neuronal signal transduction ass&ys employed in
this thesis, the inhibition of the serotonin rekptdransporter protein (SERT); inhibition of cathdo

enzymes (e.g. acetylcholinesterase, monoamine sid&ABA.- benzodiazepine receptor binding.

The influence of legislation, past and presenttlua state of traditional medicine is highlighted.
Aspects of the philosophies and practises of theows practitioners of South African traditional
medicine will be discussed. An annotated list cdetpfrom available ethnobotanical literature ofrjta
traditionally used for central nervous system-etHapurposes is provided. It contains more than 330
species, from 94 families, which are currently usedhave been used for cultural, medicinal and
recreational purposes related to the central nerveystem (CNS). Where available, information
pertaining to plant part used, preparation metklodage, route of administration, known and pottwptia

active constituents are included.

Seventy five extracts from 34 indigenous plant sggeased in South African traditional medicine or
taxonomically related to these were investigatedtfeir affinity to the serotonin reuptake trangpor
protein, making use of an in vitréH]-citalopram serotonin reuptake transport proteinding assay.
Aqueous and 70% ethanolic extracts of various ptanis were screened and 45 extracts derived féom 1
plant species showed affinity. The affinity of 2@racts from four plants was characterized as (ngbre
than 50% inhibition at 5, 1, and 0.5 mg/ml). Plapecies with high affinity to the serotonin reugtak
transport protein includefigapanthus campanulatu8oophone distichaDatura feroxandXysmalobium
undulatum Agapanthus campanulatyselded high activity in aqueous extracts fronviemand flowers.

B. distichashowed high activity both in aqueous and ethaneicacts of leaves and bullB. ferox
showed high activity in aqueous extracts from teeds andX. undulatumshowed high activity in the

ethanolic extract of the whole plant.
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Two compounds, buphanadrine and buphanamine, welaed by bioassay-guided fractionation on
vacuum-liquid-chromatography (VLC) and preparatitlén-layer-chromatography (TLC) fronB.
disticha The structures of the compounds were determige#iland™*C NMR. Fractions were tested for
affinity to the serotonin transporter in a bindimgsay using®H]-citalopram as a ligand. The d§values
of buphanidrine and buphanamine were gWV4(K; = 132uM) and 179uM (K; = 868uM), respectively.

The two alkaloids were also tested for affinitythe 5HT; 4 receptor, but only showed slight affinity.

Aqueous and ethanol extracts of 43 plants thattraiditionally used to treat against epilepsy and
convulsions were initially tested in the GABAenzodiazepine receptor binding assay, whereittuiny
of ®*H-Ro 15-1788 (flumazenil) to the benzodiazepine $it measured. The GABAenzodiazepine
receptor complex is involved in epilepsy and cosmnls. Out of the 118 extracts tested, one aquands
18 ethanol extracts showed activity. The most acdtixtracts were the ethanolic leaf extractsSafarsia
tridentatg Searsia rehmannianand Hoslundia oppositaand the ethanolic corm extract bifypoxis
colchicifolia, which all showed good dose-dependent activitfulher forty-six ethanol extracts from
another 35 species, both indigenous and exoticatieatraditionally used predominantly as sedatore®
treat various CNS-related ailments were testechin GBABAs-benzodiazepine receptor-binding assay.
Out of the 46 extracts tested, seven showed gottga@nd 10 showed moderate activity. The most
active extracts were the ethanolic leaf extractarmtopus echinatysArtemisa afra four Helichrysum

species antflentha aquaticavhich all showed good dose-dependent activity.

Two biflavonoids with activity in théH-Ro 15-1788 (flumazenil) binding assay were isaddby high
pressure liquid chromatography (HPLC) fractionatadrthe ethanol extract of the leaves fr@warsia
pyroides The structures of the two biflavonoids were elatéd by nuclear magnetic resonance
spectroscopy (NMR) to be agathisflavone and amkvofie. Agathisflavone and amentoflavone
competitively inhibited the binding H-Ro 15-1788 with & of 28 and 37 nM, respectively. Extracts of
Searsia dentatandSearsia penthenvere not as active as the extract fr6emarsia pyroidesboth were
found to contain apigenin and agathisflavone. Tlamamer apigenin, agathisflavone and amentoflavone
were fitted into a pharmacophore model for ligahitgling to the GABA receptor benzodiazepine site.

This reflected the affinities of the compoundstia fH]-flumazenil binding assay.

Mentha aquaticaa mint that is found in Europe and Africa, isdige Zulu traditional medicine for
spiritual purposes. The ethanolic leaf extract sttbva strong affinity to the GABA-benzodiazepine

receptor. Viridiflorol from the essential oil an8){haringenin from an ethanolic extract was isoldtgd
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bioassay-guided fractionation using binding to @&BA-benzodiazepine site. Viridiflorol had ansf®f

0.19 M and §-naringenin of 0.0026 M.

Twenty plants used in Zulu traditional medicine $mveral CNS-related ailments were screened for
MAO inhibition and specific MAO-B inhibition actity. MAO-B inhibitors are currently employed in the
treatment of neurodegenerative related illnesseh sas Parkinson's and Alzheimer's diseases. A
photometric peroxidase linked assay was used &rmate the inhibition of the oxidative deaminatiafin
tyramine by MAO isolated from rat liveRuta graveolengxhibited the best MAO inhibitory activity
(ethyl acetate leaf extract =4¢5 = 1ug/ml, petroleum ether extract = 3 aud@/ml) and specific MAO-B
inhibition (ethyl acetate leaf extract =s{C7 + 6ug/ml petroleum ether extract = 3 dufy/ml). Schotia

brachypetalaMentha aquaticaandGasteria croucheralso exhibited good MAO-B inhibition activity.

Six extracts of varying polarity dflentha aquaticavere tested in a photometric peroxidase linked
MAO bioassay. The 70% ethanol extract had highesbitory activity. §)-Naringenin was isolated from
the extract by bioassay guided fractionation on \Ar@ preparative TLC. The structure of the compound
was determined b¥H, **C and**C-DEPT NMR and optical rotation. Thed{ralues for MAQ inhibition
by naringenin were 342 + 38\ for the rat liver mitochondrial fraction, 955 2auM for MAO-A and
288 £ 18uM for MAO-B respectively.

South African traditional medicine clearly utilizesany botanical species with CNS-related activity.
Only a small number of the more than 330 southdrnit#@n plant species reported to treat or alter the
CNS have been scientifically evaluated. To datg few of the active compounds have been isolated an

identified.
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CHAPTER ONE

I ntroduction:

Plants and the central nervous system

1.1. Introduction

This Chapter will introduce the reader to the gurng variety of plants that have an effect ondéetral
nervous system (CNS). The basic principles of baaiatomy and function are briefly outlined to powvi

a framework within which to discuss the effect tafis on the CNS.

Botanically derived preparations, other than faritianal value, have been used for a variety dfitsal,
therapeutic and recreational reasons for thousarfidgears. Their use is not unique to any one
civilization, culture or historical era. Archaeologl evidence and pollen analysis from a Neandkrtha
burial site in modern day Irag date the use of giadi plants to 50,000 B.C. (SOLECKI, 1975).

Among the plants used by humans, those able to thiee consciousness and the senses have drawn
particular consideration. Often surrounded by neystiperstitions, magical thoughts and religiousaig,

they have often been reverdddure 1.1). In the early stages of -
development, humans needed to explain all natdm@hgmena, ?

and without an adequate understanding of biologsgatems,

these plants were considered the ‘residences ohitigs or
other spiritual forces’, some were even deemed gods
(SCHULTES and HOFMANN, 1992).

Plants with an effect on the central nervous systeferred to
as psychotropic plants, are still used by modernieties,
although most, such as coffee, tea, chocolate aibus
alcoholic beverages are generally not considered bé&o
psychotropic drugs. The indigenous ethnic groupssob-
Saharan Africa have also used various psychotgeats, such

as alcoholic beverages, psycho-stimulants, andidiatigens,

. . . s Figure 1.1. Symbolic figure on the
since earliest pre-historic times. Some of thesmighave been frogm of theJoyurnaI of J

used on a global scal®4tura sp.), whereas others are more=thnopharmacologyepresenting the
head of a goddess or a female

typical or even unique to Africa (SCHULTES, 1981E D worshipper, adorned with poppy
SMET, 1996). capsules (DE SMET, 1996).
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Most research on psychotropic plants has focushenNew World (SCHULTES, 1967; DE SMET,
1996). A large majority of researchers in the fialgree that there is insufficient documentation and
scientific investigation of African psychotropicaplt use (SMITH, CROUCH, GERICKE and HIRST,
1996; VAN WYK and GERICKE, 2000; SOBIECKI, 2002).syehoactive plants, in particular
hallucinogens (psychodysleptics), have been avaadédve been assigned as low priority by reseasche
due to the stigma attached to substance use arsg é6ARLINI, 2003; WINKELMANN and DOBKIN
DE RIOS, 1989). This has excluded the possibihiat these plants could also have beneficial prigsert

to treat mental disease and some psychic ailments.

Early literature and documentation of psychotrggant use is littered with bias and scepticismthiis
respect, it is pertinent to quote a sentence ftwenfirst description (1651) of a Mexican hallucieog:
plant Eloliuqui): “A thousand visions and satanic hallucinations appeato therf (cited in
HOFMANN, 1982). CARLINI (2003) also adds that “mgsychoactive plants were first used by the so-
called primitive cultures; their occasional use thg European occidental culture was relegated to a

second plan, being considered as sorcerer’s thaiapand often viewed in a negative light”.

However, investigation of psychoactive plants ameirt mechanisms of action have provided valuable
insight into the neurochemistry of many CNS disesa$eEWIN, 1924; NICHOLS, 2004). The
observation that serotonin and lysergic acid diethyjde (LSD) share structural and pharmacological
properties led to the suggestion that biogenic amjitike serotonin, are involved in mental disosdarch

as schizophrenia (GADDUM and HAMEED, 1954; WOOLEYidaSHAW, 1954). Lysergic acid
diethylamide is the analogue of ergot alkaloidsdpieed byClaviceps purpurea fungus associated with
incorrectly stored grains. Additionally, the activgredient inRauwolfia serpentiné&resperine) has been
shown to deplete biogenic amines and induce daprestherefore suggesting that a lack of serotonin
and/or noradrenalin may be the cause of this pagiyo(VERTULANI and SULSER, 1975). Current
basic understanding of mental illness as neurodaterdiseases, as well as science’s ability to tlesge

disorders has been greatly enhanced through tbg sfypsychoactive plants.

The ethnobotanical approach to selecting plantséoeening programmes has on numerous occasions
been shown to be successful (BALICK, 1990; FOURMYART and SNYCKERS, 1992; COX and
BALICK, 1994, BALICK and COX, 1996). This thesis pes to achieve two main objectives: to
consolidate literature on the traditional use ofgb®tropic plants and to screen a large proportibn
these plants in relevant assays to validate thaaditional use. It is hoped that this will servditiothe gap

in literature with respect to African psychotropiant use and further validate traditional medicitels
narrowing the gap between western and traditidmadaipies. The specific aims and objectives aret deal
with in detail at the end of this Chapter (Page 39)



1.2. Thecentral nervoussystem

This section reviews basic principles of brain angt and function to provide a framework within whic

to discuss the effect of plants on the CN®e nervous system is the body’s major communinatio
system, and is divided into central and peripheegions. The central nervous system consists of the
brain and spinal cord, and the peripheral nervgsgem consists of all other nerves. Although thaugh
processes and reason are most commonly associdtethes CNS, it should also be noted that almost
every aspect of physiological function is affeclsdCNS activity. ‘Brain death’ is widely acceptesithe
definition of the end of human life (HOUGHTON, 2005

The spinal cord controls reflex actions, and reksgtssory and motor information between the body and
the brain, so that the organism can respond apptely to its environment. The region of the brain
where it meets the spinal cord is called the hianfbfrhombencephalon), and is composed of the rfaedul
(myelencephalon) and metencephalon (pons and demabegFigure 1.2.1). The medulla is vital to
sustaining life, and controls processes such aathirgy, heartbeat and blood flow. The medulla also
contains receptors for thapioid drugs, such asheroin and morphine, which is why these drugs can
cause respiratory depression and death (WORLD HEAIORGANIZATION, 2004). The pons is a
relay station for signals being carried from theteo to the cerebellum, which is involved in body
movements and coordination.

central sulcus
precentral gyrus postcentral gyrus

thalamus \
7 \ / ‘
- / 1 paad ™

corpus callosum

_ \ parietal
basal ganglia ‘-(\) '3 lobe \ forebrain
frontal lobe &«
<
cerebral hemisphere } midbrain
diencephalo iital
occipita
| lobe . hindbrain
temporal lobe~=" OIS
. ;S{'_”... SX_Xcerebellum )
\ midbrain ,
brain stem

pons

medulla

Figure 1.2.1. Anatomy of the human brain.
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Above the hindbrain is the midbrain (mesencephalahjch contains two areas that are important with
respect to psychotropic plant use, in particuldossance dependence. The ventral tegmental area)(VTA
is rich in dopamine cell bodies, and projects te liimbic system and forebrain regions. The VTA is
involved in signalling the importance of stimuliathare critical to survival such as those assatiafi¢h
feeding and reproduction. However, many psychoadtifrugs also have powerful effects on the VTA,
which contributes to the development of dependenmgesignalling to the brain that psychoactive
substances are very important from a motivatiomaspective (WORLD HEALTH ORGANIZATION,
2004). The dopaminergic projection from the VTAthe nucleus accumbens (discussed befigure
1.2.3) is known as the mesolimbic dopamine system, anthé neurotransmitter system that is most

strongly implicated in theependence-producing potential of psychoactive drugs (WISE, 1998).

Another important midbrain structure is the substanigra, which also has dopaminergic projectitins
the forebrain, but these pathways are involvedaordinating and executing movements of the body.
Degeneration of neurons in the substantia nigrdslea the characteristic symptoms Fdrkinson

disease.

Lastly, there is the forebrain (prosencephalon)jctvhis composed of the diencephalon and the
telencephalon (cerebral hemispheréspire 1.2.1). Important areas of the diencephal&ing(re 1.2.2)

are the thalamus, the hypothalamus, and the postebe of the pituitary gland. The hypothalamus is
critical for regulating hormonal signals and babiedily functions concerning, for example, water
balance, body temperature and reproductive horm@sesvell as responding to changes in these
functions. The hypothalamus also secretes hormtmestravel to the nearby posterior lobe of the
pituitary gland. The thalamus functions as a ral@yion for sensory and motor information goingual
from the cortex to other areas of the brain and/bod

cerebrum
(cerebal cortex)

basal ganglia
(caudate nucleus)

hypothalamus

thalamus

amygdala

hippocampus

Figure 1.2.2. Structure of the inner human brain, including lthbic system.
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Thetelencephalon of theforebrain is the most highly developed area of the braiwl, isrcomposed of
two cerebral hemispheres separated by the longaldiissure. The outermost layer of the brain is th
cortex, which is made up of layers of nerve cells or naar and has a highly folded organization that
increases its surface area and the number of netinan it contains. Beneath the cortex run milliohs
axons that interconnect the neurons and allow tfierent areas of the brain to communicate and to
coordinate behaviour. Each hemisphere of the hsadlivided into four lobes: frontal, parietal, teonpl,
and occipital Figure 1.2.1). Different areas of the cortex are specialized different functions. The
motor association cortex, for example, is involved icoordinating movements of the body, and the
primary motor cortex is involved in executing thismction. Similarly, there is a primary sensorytear
that receives information from each of these sengans (COOPER, BLOOM and ROTH, 1982).

Information from the primargensory areas goes to sensory association areas ofctnéex, which are
involved in perception and memory connected withgbnse organs. Here information from several sense
organs can be combined to form complex perceptidie cortex is involved in many aspects of
psychotropic plant use, from the primary effectp®fchoactive drugs @ensations and per ceptions, to

the complex behaviours and thoughts involveddirug craving and uncontrolled use (WORLD
HEALTH ORGANIZATION, 2004).

prefrontal cortex periagueductal
grey area
superior

colliculus

nucleus
accumbens”

inferior
arcuate | colliculus
' nucleus |
amygdala | \ cerebellum
- hippocampus | ceruleus
4 ventral /
tegmental

are: . a

Figure 1.2.3. The ‘pleasure circuit’, main regions targeted Hyliative plant substances. Cocaine and
amphetamines target the ventral tegmental areamethens of which connect to the ‘pleasure circuit’
(mesolimbic dopamine system). Opiates also tatgetrégion as well as regions activated by thentsai
natural opiates, like beta-endorphins. Alcohol atsgets the ventral tegmental area and ‘pleastoeits,
but goes further. It also affects the cortex (tHajgecerebellum (movement), amygdala (emotion) and
binding to the GABA receptor (sedative) (after GROPPETTI, CERESOLI,MDELLI and PARENTI,
1990).

Beneath the cortex are several other importanttstres. The basal gangligigure 1.2.2) are structures

involved in voluntary motor behaviour and considt tbe caudate, putamen, globus pallidus and
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amygdala. The caudate and putamen together arenkasuwhe striatum. Just below the striatum is a key
area for substance dependence and motivation, kre@athe nucleus accumbemgich is made up of
core and shell region§igure 1.2.3). The nucleus accumbens is a very important baega involved in
motivation and learning, and signalling the moiiwa&l value of stimuli (DURLACH-MISTELI and
VAN REE, 1992; ROBBINS and EVERITT, 1996; CARDINAPARKINSON, HALL and EVERITT,
2002). Psychoactive substancesrease the production of dopamine in the nucleus accumbens, which

is thought to be an important eventirug reinforcement (Figure 1.2.3).

Thelimbic system (Figure 1.2.2) is an interconnected series of structures tleatraportant in relation to
emotion, motivation and learning. The limbic system plays a vital role in the deypshent of
dependence, and interacts with the cortex and nucleus accasbenportant structures of the limbic
system are th@ippocampus, which is associated with memory, and the amygdakach is critical in
emotional regulation. All of these areas receive sensory informatiamfrother brain areas to help
coordinate the appropriageotional andbehavioural response to external stimuli (WORLD HEALTH
ORGANIZATION, 2004).

Neurons

Communication in the brain takes place betweeneneslls or neurons. Psychoactive substances alter
many aspects of communication between neurons,ilabevdiscussed below. The terms ‘neuron’ and
‘synapse’ as components of an integrated nervostesywere first described by Sir Charles Sherrimgto
while studying the acetylcholine receptor (nicatjinnACh-R). Sherrington shared the Nobel Prize for
Medicine (1932) with Lord Edgar Adrian for his worn electrical potential differential-based

neurotransmission.

Neurons are highly specialized cells that existnany shapes, sizes and varieties. However, thag sha
the following basic structural regions: cell bodysmma, dendrites, axon, and terminal buttdngute
1.2.4) (CARLSON, 1988). The cell body, or soma, is thetabolic centre of the neuron, and contains the

nucleus and other structures that sustain the nebrgure 1.2.4).

The nucleus plays a role in mature neurons, whaseused to synthesize proteins in response taa w
variety of stimuli. Psychoactive substances caacaffhe expression of DNA, resulting in short-tesm
long-term changes in neuronal function, and ultelyat behaviour. Dendrites are highly branched
processes extending from the cell body of the nguvehich receive chemical messages from other
neurons Figure 1.2.5). This branching, and the presence of dendritioesp(small swellings on the
surface of a dendrite with which a terminal butfomm another neuron forms a synapse), allows many
different neurons to converge on a single nervk fagilitating the coordination and integrationrofiny

complex messages.



terminal button
(detail Figure 1.2.5.)

nucleus : :
synaptic vesicles
cytoplasm

synapse
cell membrane ynap

node of Ranvier

71l

cell body

axon  myelin
/sheath
\

\

axon hillock

axodendritic synapse
dendrite

axosomatic synapse

——

/
unmyelinated axons

Figure 1.2.4. Structure of a neuron (after PINEL, 1990).

The number of dendritic spines can increase oredaer following exposure to psychoactive substances
(SKLAIR-TAVRON, XING SHI, LANE, HARRIS, BUNNEY and\NESTLER, 1996; ROBINSON and
KOLB, 1999; EISCH, BARROT, SCHAD, SELF and NESTLER)00), thus altering communication
between neurons, and most likely contributing te thehavioural and neurological effects of the
substances. The axon is a long slender processdex¢efrom the cell body, which carries information
from the cell body to the terminal buttons. Certeimemicals such as neurotransmitters are transporte
along the axon, and it also propagates nerve irapulBhe area where the axon leaves the cell body is

known as the axon hillock.

The synapse

The overall architecture of a synapse is illusttateFigure 1.2.5. The presynaptic terminal contains
vesicles, which are filled with neurotransmittdPsesynapse and postsynapse are separated by & narro
synaptic cleft into which the neurotransmitters r@leased from the vesicles via exocytosis. Trattersi
diffuse across the synaptic cleft and, after a pagod of about 0.5 ms, bind to a receptor on the
postsynaptic cell. The ion permeability of the ggaaptic membrane is changed in the next stepraqusi

a sudden change in the corresponding membrane tigbtdn neurons within the brain, this electric
disturbance can induce an action potential, whighresult in a change of mental state. Many neraes

excitatory, however, the binding of neurotransmstte inhibitory receptors on the postsynapse Gause
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the opening of Kand Clion channels that hyperpolarise the membraneaslitilocks the generation of
an action potential. Neuroreceptors are found atpbst- and presynaptic membrane. Activation of
presynaptic receptors usually leads to an inhibit neurotransmitter release, whereas their itibifbi
results in an enhanced release of neurotransmiftbts the neurotransmitters and neuroreceptorghare
basic elements for signal transduction in the sgespof the central nervous system. These will be

discussed in more detail in the following sections.

somatodendric
autoreceptor

reuptake transporter

neurotransmitter in vesicles

mitochondria, MAO

presynaptic membrane

C&* channel
reuptake transporter

synaptic cleft

released neurotransmitter
post-synaptic membrane

ion channel

/ membrane enzyme G-protein
receptor and G-

protein receptor

Figure 1.2.5. The monoamine neuron and the site of action oftglampounds screened for in this thesis.
Monoamines are synthesized in the presynaptic rtermginal, stored in the storage vesicles by véaicu
monoamine transporter and released by @ependent exocytosis. After release, they agtastsynaptic or
presynaptic receptors. Most of the monoamine recsre linked to G proteins, the activation of ethwill
open ion channels or either activate or inactivagenbrane enzymes. The inactivation of the monoaisine
done by active reuptake into the nerve terminal@nglial cells using a specific N&CI-dependent
transporter. After reuptake into the nerve termitisd monoamine is taken up again by the storagieles
using the vesicular transporter or exposed to axiddy MAO. The acute effect of antidepressantshan
monoamine system j€] inhibition of neuronal MAQO[?2] inhibition of the reuptake of the monoamings;
GABA - benzodiazepine receptor binding; addthe inhibition of membrane enzymes, in this case
acetylcholinesterase (AchE). Adapted from STAHL98Pand ELHWUEGI (2004).



Ligand-gated ion channels

Two classes of membrane residing neuroreceptordeatistinguished. The fast ligand-gated channels
and the slower G-protein coupled receptor (GPCRESE are structurally remarkably similar across a
wide range of animalsThe ligand-gated channel belongs to the ion-chaommplex Figure 1.2.6).
When a neurotransmitter binds, a conformationalnghainduces the opening of an ion channel.
Depending on the geometry and polarity of the ‘gateelective permeability of the channel is acbee

for Na', K*, Ca&* and Clions. The driving force is provided via the iomcentration in the cells and the
extracellular space. The ligand-gated ion channetdude the excitory nicotinic acetylcholine,
glutamate/aspartate, AFR and the 5-HT (serotonin) receptor and the inhibitory glycined @BABA,
receptor Table 1.3.1) (WINK, 2000).

A . .
. closed ion channel open ion channel

neurotransmitter

binding site

B open ion channel

benzodiazepine )
or plant compound™ ———_ @ .- ¢

U {i’é‘BAASite
T

S| S
T crions

neurotransmitter—"

benzodiazepine
binding site

binding site

i
i

G-protein

A )87{'»)
" z

Figure 1.2.6. Schematic illustration of ligand-gated ion chasn@h\]: nAchR; [B] GABA, receptor) and
[C] G-protein coupled neuroreceptors (After WINKD).

The G-protein coupled receptorSigure 1.2.6 [C]) are much more numerous and complex than the
ligand-gated ion channels (MYSLIVECEK and TROJANQR). They include muscarinic acetylcholine,
adenosine, adrenergic, serotonergic (except §;HIABAg, glutamate, histamine, and opiate receptors.

They share a common architecture, having sevesrtrambrane domains and three internal and three
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external loops each. When the corresponding neunsitnitter binds, the receptor changes its three-
dimensional structure, inducing a conformationaraye in an adjacent G-protein molecule, consisifng
three subunits, B andy. G-proteins function as an ‘on-off switch’, whiihoff when thaxr-subunit binds
GDP. Binding of a ligand to the receptor causesGHmotein to release its bound GDP and bind to GTP
converting thea-subunit to the ‘on’ state. The-subunit dissociates and either interacts with @m i
channel, or activates/inhibits the enzymes of as@enessengef{gure 1.2.6), such as adenyl cyclase
(making cAMP, an allosteric regulator of proteim&ses and other such proteins), or phospholipase C
(splitting phosphatidylinositol-4-5-diphosphate Bl into inositol-1,4,5-triphosphate @P which
activates C# release channels in the endoplasmic reticulunngefitee the second messengef‘Tand
diacylglycerol (DAG which activates proteinkinasg @/hereas the hydrolysis of GTP (bound to dhe
subunit) switches the G-protein back to the in@&cstate, the second messenger can regulate vasious

channels, protein kinases and other prot@MisNK, 2000).

1.3. Neurotransmitters

Sir Hendry Dale (UK) and Otto Loewi (Germany) werearded the Nobel Prize for Medicine (1936) for
their contribution to our understanding of chemicsurotransmission. Their work described the

neurotransmitter acetylcholine.

A neurotransmitter can be defined as a chemicastanbe that is released via the synapse from one
neuron and that affects another cell in a specti@nner (KANDEL and SCHWARTZ, 1985). A
neurotransmitter must also meet the following date

— be synthesized in the neuron;

— be present in the presynaptic neuron;

- be released in sufficient quantity to have a postptic effect;

- have the same effect whether released by naturahsn@ndogenously) or whether applied as a

drug (exogenously); and

— it must have a specific mechanism for its remok@infthe synaptic cleft.
Many types of neurotransmitters have been discdveeefar, but in general there are three categories
amino acid neurotransmitters, amino acid-derivagoteansmitters, and peptides (chains of aminosicid
(Table 1.3.1). The amino acid transmitters include glutamaté&B@&, glycine and aspartate. The
monoamines, noradrenalin and dopamine (catechoémnand serotonin (indoleamine) are derived from
amino acids. Large molecule peptide neurotransraitiee generally synthesized in the cell body, and
transported along the axons to the synapse. Snuddlcoie neurotransmitters can be synthesized in the

terminals.

There are distinct regions of the brain where bellies for a specific neurotransmitter exist, attteio

regions or “projection areas” where the axons frtimose cell bodies project to, and where the
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neurotransmitter is ultimately released. Thus, exary neurotransmitter is released in every arehef
brain. This allows certain areas of the brain tdggen specific functions. Some of the more impottan
neurotransmitters relevant to this work are disedssbelow, in particular the monoamine
neurotransmitters (DAHLSTROM and FUXE, 1962), GABAd acetylcholine.

Table 1.3.1. Simplistic characterisation of major neurotransengtand receptors (After WINK, 2000).

Receptor Transmitter Receptor Subtype M echanism

Monoamines (or Biogenic Amines)

Cholinergic o nicotinic muscle type  cation channel (N&K")
22 N nicotinic neuronal type cation channel (N&K™)
H,C o~ ~c” \(CH3)3 muscarine M, M, G-protein (IR/DAG)
2 muscarine M, M, G-protein (CAMR)
acetylcholine
Dopaminergic HO dopamine R-Ds G-protein (CAMRB, 1)
HO‘@*C—C—NHJ
H, H,
dopamine
Adrenergic HO alpha hp G-protein (IR/DAG)
H alpha 2p G-protein (CAMR)
HO C—C—NH,+
| H N
OH
noradrenalin
HO betap;-f3 G-protein (CAMP)
H
HO C—C—NH;CH,
| H A
OH
adrenaline
Serotonergic  HO 5-HT G-protein (cCAM
g C—C—NH,+ 1AB.CDEF p - ( R)
| H, H, 5-HToas.c G-protein (IR/DAG)
I}I 5-HT, ion channel
H 5-HT4567 G-protein (CAMP)
serotonin
Histaminergic NH, H,y G-protein (IR/DAG)
/:(\/ Hy, Hs G-protein (CAMP)
HNVN

histamine
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Receptor Transmitter Receptor Subtype M echanism
Amino acids
ClEmineEie NH, NMDA Na'/K*/Ca* channel
HOOC—C—C—C—COOH AMPA Na'/K*/Ca* channel
H2 H2 H +,+ +
kamate Na'/K*/Ca* channel
glutamate ]
NH, MGIuR;, mGIuR; G-protein (IR/DAG)
MGIUR; 3 4.6 G-protein (CAMR)
HOOC—C—C——COOH
, H
aspartate
GABAergic @) GABA, CI channel
NH3+—C—C—C—|—07 GABAg G-protein (CAMP, C#,
H, H, H, K*)
GABA
Glycinergic H,N—C—COOH CI’ channel
H,
glycine
Other Neurotransmitters
Purinergic " S G-protein (CAMP/IR)
2
N/
A\
Ay
N N
HO
o}
H—H
OHOH
adenosine
ATP Pay, Poz Por cation channel
Pay, Poy G-protein (IR/DAG)
Opiate HO u, d G-protein (CAMR)
K G-protein (C&'])
9
4
CH

W

HO
morphine, endorphins

The monoamines

The monoamines will be discussed in some detdhesfeature prominently in the research preseinted
this thesis. The monoamines as neurotransmittease sbertain properties but differ in their brain
distribution, the type of receptors upon which thast and the mechanisms of their actions. In the
following sections, the common properties that m@noamines share will be discussed, followed by a
brief description about each monoamine in termgsoflistribution, the types of receptors they iattr

with and the mechanisms of the actions.
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cingulate gyrus

Noradrenalin (NA) pathways — most of the
noradrenalin-containing neurons in the CNS are
located in the locus ceruleus in the pons and
midbrain. These neurons project through the medial
forebrain bundle to the limbic system, cerebral
cortices, the thalamus, and the hypothalamus. A
second group of neurons in the ventral tegmental
area have projections to the hypothalamus and
amygala

amygaloid body

olfactory
to thalamas

to the striatum nigrostriatal system

Dopamine (DA) pathways — these tracts include the
nigrostriatal tract, the mesolimbic/mesocorticsatt,
and the tuberoinfundular tract

mesolimbic

system
tubero-

infundibular

system o
substantia nigra

cingulate gyrus to hippocampus

Serotonin or 5-hydroxytryptamine

(5-HT) pathways — 5-HT-containing neurons are

found in the median and dorsal raphe nuclei, the

caudal locus ceruleus, the area postrema, and the
to thalamas interpeduncular area

amygdaloid
body rostral raphe nuclei

olfactory hippocampus caudal raphe nuclei
PP P to spinal cord P

Figure 1.2.8. Neurotransmitter pathways and receptor distribufaapted from RANG, DALE and
RITTER, 1996).

Noradrenalin (NA), adrenaline (Ad) and dopamine j#e also known as catecholamines (CA). These
monoamines share a common pathway in their syrsthediere they are synthesized from the same
precursor (tyrosine) which is converted inside tieeve terminal by tyrosine hydroxylase (the rate-
limiting step enzyme) to 3,4-dihydroxyphenylalan{®PA). DOPA is then converted to DA, which is
converted to NA by dopamirfhydroxylase (IVERSON, 1991; BOOlJ, VAN DER DOES,
BENKELFAT, BREMNER, JCOWEN, FAVA, GILLIN, LEYTON, MOORE, SMITH and VAN DER
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KLOOT, 2002). The other monoamine serotonin is alsmwn as 5-hydroxytryptamine (5-HT).
Serotonin is synthesized from tryptophan, which cisnverted inside the nerve terminal to 5-
hydroxytryptophan by tryptophan hydroxylase (thee4lamiting step) then to 5-HT (FULLER, 1980;
1995; RIEDEL, KLAASSEN and SCHMITT, 2002).

All monoamines after their synthesis are conceadrah vesicles at the nerve terminal by a specific
vesicular monoamine transporter (VMAT) (NJUS, KEN,Eand HARDABEK, 1986). Using a
homology cloning strategy, VMAT-1 and VMAT-2 wereacgessfully isolated in humans. VMAT-1 is
primarily present in endocrine and paracrine adllgeripheral organs. On the other hand, VMAT-fhis
predominant monoamine vesicular transporter in d¢eatral nervous system (MASSON, SAGNE,
HAMON and EL MESTIKAWY, 1999; ELHWUEGI, 2004). Thaccumulation of intraneuronal
monoamines into storage vesicles acts as an aoapiifn step for the overall process of Miependent
uptake of these molecules from the extracellulaacep Consequently, it controls their concentration
gradient across the plasma membrane. Vesiculamadation also protects these molecules from leakage
and/or intraneuronal metabolism (MASSON, SAGNE, HANI and EL MESTIKAWY, 1999). Three
distinct pools of synaptic vesicles have been ifledt The first pool of vesicles, known as ‘ready
releasable pools’, are those that are ready forediate release upon elevation of intracellularinaic
The second pool is in close proximity to the siteebease is known as ‘proximal pool’ and the thpabl,
which resides at some distance from the site @fasad, is known as ‘a reserve pool'. It is thought t
vesicles are recruited from the reserve pool topifeximal and subsequently to the readily releasabl
pool (BOEHM and KUBISTA, 2002).

When the action potential reaches the monoamineentrminals, it causes the opening of voltage-
activated calcium channels. Calcium entry activai@eium sensors, which in turn cause the release
machinery to cause vesicle fusion with the presiioapembrane and the release of the monoamine into
the synaptic cleft via exocytosi§ifure 1.2.5). The extra cellular calcium concentration-dependent
release of the monoamines has a high requirememinergy. This is limited by tetrodotoxin (i.e. iact
potential-dependent) and subjected to presynaptduhation through activation of different presynapt
receptors (LLINAS, 1977; VIZI, 2000; ELHWUEGI, 20p4

The released monoamine will act on specific reaspkocated either on post- synaptic or presynaptic
membranesKigure 1.2.5). Stimulation of the postsynaptic receptors rasinitchanges in the properties
of the postsynaptic membrane with either a shifne@mbrane potential when the receptors are coupled
ion channels (known as ionotropic receptors), oclémical changes in intracellular cyclic nucleesid
protein kinase activity, and related substrate ginst when the receptors are coupled to G-proteins
(known as metabotropic receptovige infrg (STARKE, TAUBE and BOROWSKI, 1977; KALSNER,
S., 2000). This stimulation of the presynaptic poes located on the nerve terminal will reguldte t

monoamine release triggered by action potentiah & vesicular release, thereby providing a fegddba
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mechanism that controls the concentration of tlasimitter in the synaptic cleft (LANGER, 1980;
BOEHM and KUBISTA, 2002). If the regulatory recefgt@re present on the same neuron releasing the
neurotransmitter, then they are called autoreceptéowever, if the regulatory receptors are present
another neuron releasing different neurotransrsittirey are then called heterorecept&iigure 1.2.5)
(ELHWUEGI, 2004). The regulatory receptors may hnez ionotropic or metabotropic receptors
(BOSKER, KLOMPMAKERS and WESTENBERG, 1997; BOEHMJaKUBISTA, 2002).

The non-synaptic transmission is a more recentequnaf transmission inside the CNS, where there are
functional interactions between neurons without phofogical ‘synaptic’ contacts. This type of
neurotransmission is known as ‘wireless’ interacti@tween neurons (ELHWUEGI, 2004). In this case,
the transmitter released from the axon terminaheut a synaptic contact with another neuron will
diffuse far away from the release site and acts/agmote receptors of high affinity on another axon
terminal (VIZI, 2000).

The actions of all monoamines are terminated biveceuptake of the monoamines into the presynaptic
neuron (known as uptake 1) and/or glial cells. Tiptake 1 mechanisms utilize Ma@l" dependent
transporters (LESTER, CAO and MAGER, 1996). Theaadporters are members of a large family of
Na'/Cl-containing putative transmembrane domains thatrebthe concentration of the transmitter
released into the intrasynaptic and extrasynapiices via rapid reuptake into the nerve terminblss
maintaining a low concentration of the neurotrartimniat these sites (NELSON, 1998; MASSON,
SAGNE, HAMON and EL MESTIKAWY, 1999). Several drygscluding some antidepressants, inhibit
these transporters specifically, thus increasimgatmount of the monoamines at the synapse. It éas b
shown that the transporter velocity is increasetiyperpolarization of the membrane and is decrebged
depolarization, i.e. the function of the reuptakgstem is voltage-dependent (SONDERS, ZHU,
ZAHNISER, KAVANAUGH and AMARA, 1997). In such a casit is expected that autoreceptors or
heteroreceptors would affect the activity of thaptake system by changing the membrane potential.
This was found to be true where stimulation of doipe receptors, type 2 (D that causes activation of
K" currents, i.e. hyperpolarization, increased thiviac of dopamine transporter and therefore deseea

its availability at the synapse (GINGRICH and CARQN93; VIZI, 2000).

The two enzymes that are important in the initisdps of metabolism of the catecholamines, are
monoamine oxidase (MAO) and catechol-O-methyltrarzsfe (COMT) (KOPIN, 1985). Both MAO and
COMT are widely distributed throughout the bodylirding the brain; the highest concentrations ahea
are in the liver and the kidney. However, little my COMT is found in the monoaminergic neurons
(KOPIN, 1985). Two isoforms of MAO (MAO-A and MAO3JBwere differentiated on the basis of
substrate and inhibitor specificities. MAO-A preadatially metabolizes 5-HT and NA; clorgyline is a
specific inhibitor of this enzyme. MAO-B prefersphenylethylamine and benzylamine as substrates;

selegiline is a selective inhibitor. Dopamine angptamine are metabolized equally by both isoforms.
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Neurons contain both isoforms of MAO, localizednpatiily in the outer membrane of mitochondria
(SHIH, 1994). Inhibitors of MAO cause an increasdlie amount of these amines stored and released

from the nerve terminals, thus increasing the momoargic activity (Se€hapter 5).

Noradrenalin - Central noradrenergic pathways

The existence of noradrenalin in the brain wasbéisteed biochemically in the 1950s. When noradrienal

is applied by microionophoresis to individual celighe brain, the effect most often is inhibitoand in
most cases it is produced by activation pehdrenoceptors. Activation of adenylate cyclasehvat
resultant build-up of cCAMP has been unequivocalyndnstrated as the mechanism of action in several
types of CNS neurons (RANG and DALE, 1987). In sositeations, however, noradrenalin has an

excitatory effect, which is mediated by eitleror f-adrenoceptors.

There is still much to be learned, as mentionetieeaabout the actual behavioural and physioldgica
responses of these fairly well characterized nalrorechanisms. Reward studies conducted on animals
have shown that drugs that prevent noradrener@gismnission disrupt the ‘reward’ system. Studiethisf

kind (ASHTON, 1992) have led to the suggestion thatnoradrenergic pathways constitute a ‘reward’
system, though the relationship of this psycholalgoonstruct to subjective feelings in man is utaiar

The catecholamine (monoamine) hypothesis of affectidisorders, originally formulated by
SCHILDKRAUT (1965) suggests that depression reduttism a functional deficiency of noradrenalin in
certain parts of the brain, while mania resultsrfran excess. Various lines of evidence suggest that
activation of noradrenergic pathways can produdeatieural arousal. One is that amphetamine-like
drugs, which are known to act by releasing catechimles in the brain, increase wakefulness, alestnes
and exploratory activity. There is a close relagiuip between mood and state of arousal. Depressed
patients are usually lethargic and unresponsivexternal stimuli. This association of symptoms may
reflect the dual role of noradrenergic neuronsantlling both mood and arousal (RANG and DALE,
1987).

The understanding that central, as well as pergheworadrenergic synapses are involved in blood
pressure regulation, derived from investigatiothef mechanisms of action of hypotensive drugs sisch
clonidine and methyldopa, both of which were shdwrdecrease the discharge of sympathetic nerves
emerging from the central nervous system (RANGBRAHE, 1987). It was then revealed that they cause
obvious hypotension when injected locally into Yasomotor centres. Noradrenalin, injected locailtg i

the region of the vasomotor centres has similacef Agonist and antagonists show that these mesgo
are due to activation af,-adrenoceptors, which, on the basis of lesion efjdippear to be located post-
synaptically (in contrast to most periphetal-receptors, which are pre-synaptic) (RANG and DALE
1987). Noradrenergic synapses in the medulla pigliabm part of the baroreceptor reflex pathway
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Dopamine

Recognition of the role of dopamine in the brais,aatransmitter in its own right and not merelyaas
precursor of noradrenalin, came in the mid-19608N& and DALE, 1987). The synthesis of dopamine
follows the same route as that of noradrenalin,etatie conversion of tyrosine to dopa (the ratatikd

step, catalysed by tyrosine hydroxylase) followgdlecarboxylation (catalysed by dopa decarboxylase)

Dopamine produces inhibitory postsynaptic potestidt is involved in movement, learning and
motivation. Dopamine plays a key role in the nelolngy of dependence. Dopamine receptor genes
have also been highly implicated in substance d#grere in general, as well as in nicotine and alcoho
dependence. There are two major dopamine projectiorthe brain. One, the mesolimbic pathway,
projects from the VTA to the nucleus accumbenssTgathway appears to be directly or indirectly
activated by most known psychoactive substancesse§l associated with this is the mesocortical
dopamine pathway, which projects from the VTA tgioas of the cortex. The second major dopamine
pathway projects from the substantia nigra to thiatam, which is known as the nigrostriatal pathwa
(UNGERSTEDT, 1971). In Parkinson disease, this wath undergoes degeneration leading to the
characteristic movement disorders. Excessive daparfinction in the mesolimbic and mesocortical
dopamine systems is thought to underlie the deahgsiand hallucinations of schizophrenia. It is
interesting to note here that certain substanceb as cocaine and amphetamine can, in high doses,
mimic some of the features of schizophrenia andlbaipdisorders through the same basic actions en th
dopamine system (RANG and DALE, 1987).

The functions of dopaminergic pathways are bettetetstood than those of pathways involving other
transmitters (RANG and DALE, 1987). This is partlye to the availability of selective agonists and
antagonist for dopamine receptors, and to thetfedtdopaminergic neurons can be selectively dgstio

by local injections of 6-hydroxydopamine into snekas of the brain.

Parkinson’s disease is a progressive motor distedéhat occurs mainly in elderly patients, whosenm
symptoms are rigidity and tremors, together witfremxe slowness in initiating voluntary movements
(hypokinesia). It is known to be associated withleficiency of dopamine in the nigro-striatal patlwa
Huntington’s chorea, an inherited disease thatltesno severe involuntary movements, may be the
pathological opposite of Parkinsonism, in which pyoms are associated with an excess, rather than a
deficit, of dopamine (RANG and DALE, 1987).

The tuberoinfundibular dopaminergic pathway is imed in the control of prolactin secretion. The
hypothalamus secretes various mediators, whichralotite secretion of different hormones from the
pituitary gland. One of these, which have an irtbityi effect on prolactin release, is dopamine. This
system is of considerable clinical importance. disvobserved many years ago that ergot derivatives t

to suppress lactation, whereas anti-psychotic dhage the opposite effect, even to the point obicey
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breast development and lactation in males. Stumteisolated pituitary glands confirmed that dopaamin
and related agonists strongly inhibit prolactinretion, an effect that is abolished by many angicpstic
drugs, which block dopamine receptors. Anti-psyithdtugs are used in South Africa to increase milk-
production in breast-feeding mothers. This oftesults in a dependency on these drugs by the mothers

after breast-feeding which is a negative aspedbpamine antagonists (RANG and DALE, 1987).

The secretion of growth hormone is similarly regedaby dopamine. In normal subjects dopamine
receptor activation increases growth hormone seardbut paradoxically inhibits the excessive seone
responsible for acromegaly, a condition in whichrbocriptine (high potency Dagonist and partial D
agonist) has a useful therapeutic application, idexl/that it is given before excessive growth lzdemn
place (RANG and DALE, 1987).

Serotonin (5-Hydroxytryptamine)

Interest in serotonin as a possible CNS transmitédes from 1953 (RANG and DALE, 1987), when
lysergic acid diethylamide (LSD), a powerful halhmgen, acted as a serotonin antagonist in perbher
tissues, and suggested that its central effectatraigo be related to this action. Its presend@énbrain
was demonstrated a few years later. It is invoineggulation of mood, arousal, impulsivity, aggies,
appetite and anxiety. Serotonin-synthesizing cetlids are found in the midbrain in a region catlesl
raphe nuclei. These neurons project into many awé#ise brain such as the cortex, hypothalamus and
limbic system. There are many subtypes of serotogieptor. In the body, serotonin is found in the
gastrointestinal tract, platelets and spinal chtdst antidepressant drugs work by increasing ttieraof
serotonin in the brain. Serotonin is also involiethe primary actions of some psychoactive comgsun
such as LSD and ecstasy, and is also implicatetia@neffects of cocaine, amphetamine, alcohol and

nicotine. Serotonin will be discussed in greateaillén Chapter 3.

Amino-acid neurotransmitters

y-aminobutyric acid (GABA)
GABA is particularly abundant in brain tissue arat m other mammalian tissues, where it is found in
trace amounts. GABA is thought to act as an inbrgitransmitter in many different CNS pathways. The
most detailed studies have been carried out ondtebellum, cerebral cortex, hippocampus and sinat
GABA mediates inhibitory action throughout the CH activating three classes of receptors, GABA
GABAg and GABA: receptors that are classified structurally andiplaaologically Table 4.1, Chapter
4). GABA, receptors are ligand-gated chloride ion channald msemble, but not identically, the

inhibitory GABA receptor of invertebrates.

It was thought that a GABA-like substance may prtawéde effective in controlling epilepsy and other
convulsive states, and since GABA itself fails tenptrate the blood-barrier, the search for more

lipophilic GABA analogues continues. One such samst