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ABSTRACT

Neurotransmitters are either excitatory or inhilsito Serotonin (5-hydroxytryptamine, 5-HT) is a r@ttgnsmitter
in the brain. Serotonin (5-hydroxytryptamine or 39Hs a monoamine neurotransmitter synthesizeeiotenergic
neurons in the central nervous system and enteomshffin cells in the gastrointestinal tract. Semtois believed
to play an important part of the biochemistry opdession, bipolar disorder and anxiety. It is alselieved to be
influential on sexuality. The name "serotonin" @ething of a misnomer and reflects the circumstanaf the
compound's discovery. This agent was later chdhimentified as 5-hydroxytryptamine (5-HT) andtas broad
range of physiological roles were elucidated, 5¥€tame the preferred name in the pharmacologietd fi

Key words: - Neurotransmitter, receptor, 5-hydroxytryptamiserotonin, excitatory, inhibitory.

INTRODUCTION

5-Hydroxytryptamine (5-HT, serotonin, 3-[b-aminohgi-5-hydroxyindole) is widely distributed, occurg in
vertebrates, tunicates, molluscs, arthropods, ntelates, fruits, and nuts. The discovery of seiatgan be traced
back to 1868 when it was shown that the serum oftedd blood contained a factor capable of causing
vasoconstriction. Eventually the indolamine sergtorwas discovered by Rapport et al. (1948) and twakave
vasoconstrictor properties and to clot blood. Ireefently Erspamer (1940) had discovered a factalleft
Enteramine) in gut mucosa that was later showret@eéntical to serotonin. Twarog page (1953) findiscovered
that serotonin was present in the mammalian bradhthis led others to prove the neurotransmittéz for this
Indolamine. The chemical name for serotonin is Bexytryptamine which is often abbreviated to 5-Har&onin
is naturally produced in the Pineal gland whicls kikeep at the centre of the human brain. The agexdglt human
possesses only 5 to 10 mg of serotonin, 90 % ofhwisi in the intestine and the rest in blood pkitelnd the brain.
One role of this 'wonder drug' is allowing numerdusctions in the human body including the contsblppetite,
sleep, memory and learning, temperature regulatioogd, behavior, cardiovascular function, muscletraction,
endocrine regulation and depression. Serotonitsas faund in wasp stings and scorpion venom whisréunction
is of an irritant, since intravenous injection efaonin in humans leads to pain, gasping, cougtaningling and
prickling sensation, nausea, cramps and other asptg symptoms. Serotonin taken orally does nat jpds the
serotonergic pathways of the central nervous sy$@XE). This is due to the blood-brain barrier gmeing
serotonin in the blood stream from affecting semotdevels in the brain. However, the amino acygptophan and
its metabolite 5-hydroxytryptophan, from which deron is synthesized, are capable of crossing thedsbrain
barrier. These agents are available as dietarylesmgmts and may be effective serotonergic agents.
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2. Different neur otransmitter s regulating different functions of the central nervous system

Neurotransmitters of central nervous system cadldssified by their function or their chemical sture. Because
the function of neurotransmitters vary by locatibms often useful to classify them according teithchemical
structure® 2,

NEUROTRANSMITTERS

}

v v
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Fig 2.1: Classification of Neurotransmitters

2.3 Serotonin bio-synthesis

Endogenous 5-HT arises from a two-step biosynthgdithway with precursor amino acid/ptophan,which is
actively transported into the brain by a carrieotein that also transports other large neutral larahched chain
amino acids.

1. 5-HT is synthesized by a pathway from tryptophBiryptophan is converted by tryptophan hydroxyl&se-

hydroxytryptophan. Tryptophan hydroxylase, a mikedetion oxidase (MAQO) that requires,@nd a reduced
pteridine cofactor, is the rate-limiting enzymetle synthetic pathway. Tryptophan hydroxylase isragulated by
end-product inhibition. Brain tryptophan hydroxy¢as not generally saturated with substrate; camnsetty the

concentration of tryptophan in the brain influenttess synthesis of 5-HT.

L-5-hydroxytryptophan converts to 5-HT by the eneyAromatic L-amino acid decarboxylase.
5-HT is stored in the secretory granules by a wéaidransporter and released by exocytosis.
Newly formed 5-HT is rapidly accumulated in synapitesicles, where it is ; protected from MAO. 5-Feleased

by nerve-impulse flow is re-accumulated into thesgnaptic terminal by the 5-HT transporter, SERAyst
reuptake terminates the neurotransmitter actidldi. 5-HT taken up by nonneuronal cells is desttbyy MAC'.
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2.4 Metabolism of serotonin

The principal route of metabolism of 5-HT involvesidative deamination by MAO, with subsequent coaian of
the aldehyde to 5-hydroxyindole acetic acid (5-H)ABy an aldehyde dehydrogenase. 5-HIAA from braid a
peripheral sites of 5-HT storage and metabolisexseted in the urine.

A close relative of 5-HT, melatonin (5-methoxy-Netgtryptamine), is formed by sequential N-acefglatand O-
methylation. Melatonin is the principal indoleaminghe pineal gland, where it may be said to dautsta pigment
of the imagination, it also serves a role in retingabiological rhythms and shows promise in treatment of jet
lag and other sleep disturbantes

2.5 Serotonin Pathwaysin the CNS

The distribution of 5-HT-containing neurons reseashihat of noradrenergic neurons. The cell bodieggeouped
in the pons and upper medulla, close to the midliaphe), and are often referred toraghe nuclei.The rostrally
situated nuclei project, via the medial forebraimdile, to many parts of the cortex, hippocampusabganglia,
limbic system and hypothalamus. The caudally sédiaells project to the cerebellum, medulla andaiord'.
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Figure 1.5 serotonin pathwaysin brain

2.6 Serotonin receptors
The multiple 5-HT receptor subtypes comprise thrgdst known neurotransmitter -receptor family. F&uAT
receptor families are recognized: 5-HMrough 5-HT,.

5-HT, Receptors
All 5 members of the 5-HiTreceptor subfamily inhibit adenylyl cyclase. Aa$ one 5-HT receptor subtype 5-
HTlA, B,C,D,F.

» The 5-HT receptor activates a receptor-operated dkannel and inhibits a voltage-gated*Cahannel, a
common property of receptors coupled to the pedussgin-sensitive Gi/Go family of G proteins.
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* The 5-HT;s receptor is found in the raphe nuclei of the lstm, where it functions as an inhibitory,
somatodendritic autoreceptor on cell bodies oftseergic neurons.

» Another subtype, the 5-Hg receptor, functions as an autoreceptor on axaeniteis, inhibiting 5-HT release.
* 5-HT,p/p cause constriction of cranial blood vessel. Angirain drug sumatriptan is selective 5-HID agonist.

5-HT, Receptors
The three subtypes of 5-HTeceptors couple to pertussis toxin-insensitiieeyrare G proteinge.g.,Gq and Gil)
coupled receptors and PLC to genedigeylglycerol andinositol trisphosphate

» 5-HT,4 receptors are broadly distributed in the CNS, prity in serotonergic terminal areas. High densitié 5-
HT,a receptors are found in prefrontal, parietal, aocha&osensory cortex, claustrum, and in platelétmddiate
most of the direct action of 5-HT like vasocongtdn, intestinal uterine, and bronchial contractigotatelet
aggregation and activation of cerebral neurons.

* 5-HT, receptors originally were described in stomachdéim

» 5-HT,. receptors have a very high density in the chopbékus, an epithelial tissue that is the primate sif
cerebrospinal fluid production. The 5-k{Treceptor has been implicated in feeding behavémar susceptibility to
seizure.

5-HT; Receptors
The 5-HT; receptor is the only monoamine neurotransmitteeptor. Activation of 5-HJ receptors elicits a rapidly
desensitizing depolarization mediated by the gadincations.

» The 5-HT; receptor corresponds to the originally descridddeceptor.
» These receptors are located on parasympathetiinas in the Gl tract, including vagal and splamic afferents.
In the CNS, a high density of 5-HTeceptors is found in the solitary tract nuclend the area postrema.

5-HT, Receptors

5-HT, receptors are widely distributed throughout thdyho

« In the CNS, the receptors are found on neuroiseo§uperior and inferior colliculi and in the pgcampus.

* In the GI tract, 5-HT receptors are located on neurons of the myentdexus and on smooth muscle and
secretory cells.

2.7 Additional Cloned 5-HT Receptors

» Two subtypes of the 5-HTreceptor have been cloned; the 5skiTeceptor couples to inhibit adenylyl cyclase;
functional coupling of the cloned 5-HJreceptor has not been described.

» Two other cloned receptors, 5-kldnd 5-HT, are linked to activation of adenylyl cyclase.

 Circumstantial evidence suggests that 5-lFElceptors play a role in smooth-muscle relaxaitiothe Gl tract and
the vasculaturg®*.

2.9 Role of serotonin in central nervous system and other systems

Serotonin has tremendous influence over severah Bumctions, including the control of perceptiarggnition,
sleep, appetite, pain, and mood and mediates #ffeses through interactions with receptors locatedughout the
central and peripheral nervous systems.

Studies shows that while both serotonin and himagens act at the serotonin 2A receptor, serototiiizes a very
specific pathway and its actions are independetitade produced by hallucinogens Future drug desgosfforts to
identify lead compounds for treatment of depressivey consider focusing upon those that only enghge
pathway.

This may be particularly important, for the treathef depression because traditional therapieschwfocus on
elevating serotonin levels, can sometimes prodadetss side effects such as a serotonin syndrotmis.syndrome
is often accompanied by hallucinations, and is esfig serious when antidepressant treatments agcbelective
serotonin reuptake inhibitors (SSRIs) are mixedhwibnoamine oxidase inhibitors (MAQOIS).
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2.8 TheMain 5HT Receptor Subtype

s . . . Partial
Receptor type| Distribution Main effect Second magse Partial agonist Antagonist
Neuronal
Inhibition
Eﬁcpzl?e is Behavioural |cCAMP 5-CT Spiperone
5-HT1a Hi oca’m us Effects: sleep, 8-OH-DPAT Methiothepin
pp P Feeding, Buspirone (PA) | Ergotamine (PA
Themoregulation,
Anxiety
Sustantia Prgsynapt|c
Nigra, Globus Inh|b|t|_on {cAMP 5-CT ) .
5-HTig . Behavioural efffects . Methiothepin
Pallidus, Pul Ergotamine (PA)
Basal ganglia uimonary -
Vasoconstriction
Neuronal
Excitation
CNS Behavioural effects )
PNS Smooth muscle a-Me-5HT LSD éem:gf]i”?adine
5-HTza Smooth Contraction (gut, bronchi, etcl) 11Ps/DAG (CNS) LSD ypronep .
h Pizotifen (non-selective)
Muscle Platelet (periphery) Methvseraide
Platelets Aggregation, yserg
Vasoconstriction,
vasodilatation
5-HT,g Gastric fundu | Contractiol 11P3/DAG a-Me-5HT -
CNS . )
. Cerebrospinal fluid a-Me-5HT .
5-HT2c Choroid Secretion 11Ps/DAG LSD Methysergide
Plexus
Neuronal
Excitation
(aut_onor_mc, None- ligand-gated 2-Me-5-HT Ondansetron
PNS nociceptive . :
5-HT; CNS neurons) Cation Chlorophenyl- Tropisetron
. Channel Biguanide Granisetron
Emesis
Behavioural
Effects: anxiety
5-Methoxy- Various
5-HT PNS (G1 tract) E:(l:i;g:i]gll’\ 1CAMP tryptamine Experimental
4 CNS Gl motili Metoclopramide | Compounds (e.g. GR113808,
Y Tegaserod SB207266)
5-HTs Hippocampus Not known Not known Not known Not kmow
; Synaptic
5-HTg Striatum Modulation? 1cAMP Not Known Not known
.| Nociception/ 5-CT Various 5-HT
Hypothalamus; Lisuride LSD Antagonists
5-HT, Gl tract : 1cAMP ) ;
Pirenperone No selective No selective
Blood vessels . .
Thermo reg. Agonists antagonists

Similarly, in the brainstem, nerve impulses alomgspnaptic fibers might release serotonin in mirateunts at
synaptic junctions. This release of free seriotomight act as a chemical mediator ekponsive brain
centers that in turn send impulses along postsinépers. Ordinarily, free serotonin could bensa@ered to be
present at the synapse for only a short time faligwpresynaptic impulses.
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3. Drug Affecting Serotonin System

Table 3.1: Drug Related To Synthesis, Storage and M etabolism

Drug Action

Tryptophan 5-HT precursor

Synthesis inhibitors (tryptopha
Hydroxylase inhibitot

=]

p-Chlorophenyallanine (PCPA)

Tricyclic antidepressant,
Fluoxetine and Sertaline are SS
Reserpine Storage inhibitor
Nonselective MAO inhibitor
(Tranylcypromine)
Selective MAO-A inhibitor
Clorgyline

5,6, Dihydroxy Tryptamine Neuronal degeneration

:{IUptake inhibitor

Degradation inhibitor

Table 3.2: Serotonin Antagonist

Drug Receptor Action

Cyproheptadine Intestinal manifestation of cariinpost gastrectomy dumping syndrome.
Methylsergide 5-HBanc, 5-HT1 | Migraine, carcinoid, post-gastrectomy dumping spnae.

Keatnserine, Retanserine  5-HT Antihypertensive

Clozapime 5-HTa2c Antipsychotic

Risperidol 5HT;a+ D2 Antipsychotic

Ondansetrc 5-HT; Nootropic activit

4. Serotonin and cnsrelated disease

4.1 Depression

Depression is complicated illness which can invaiuenber of contributing risk factors such as phaisiemotional,
biochemical, and psychological, genetic and sdeieors. The symptoms of depression may vary fremsgn to
person, and also depend on severity of the depresBiepression causes changes in thinking, feeliagaviour,
and physical well-being. Depressed person may épex problems with concentration and decision-mgki
Negative thoughts and thinking are characterisficlepression. Sometime irritability is a problem ddpressed
patient and they may have more difficulty contrailitheir temper. In the extreme, depression isattarized by
feelings of helplessness and hopelessness. Sdthalrawals, dramatic change in appetite, lack afiaédesire are
some behavioural symptoms of depression. The diffetypes of depression are categorized by factoch as
severity and cause. Different types of depressiclude bipolar disorder, cyclothymic disorder, thyshic disorder,
major depression, postnatal depression (PND), sehsffective disorder (SAD).

4.2 Pathophysiology of depression: the monoamine theory

The monoamine theory of depression became a walgpted theory The main biochemical theory of depression
is the monoamine hypothesigroposed by Schildkraut in 1965, which stated tthapression is caused by a
functional deficit of monoamine transmitters sushcatecholamines and serotonin at certain sitéseiorain'. The
abnormalities of monoamine in depression are reéltiedeficiency with monoaminergic transmissiorthie brain,
synthesis, storage and metabolism of monoaminayitgcbf known monoaminergic pathways. Along with
functional deficit of monoamine transmitter, wrongurotransmitter receptor function is associatedepression.
There is reduction in the function of serotonineggors, postsynaptia, adrenergic receptor, GABA, dopamine
receptor.

4.3 Intracdlular hypothesis

Despite the range of alterations observed in neamsmnitter levels and their interaction with thespective
receptors, signalling pathway abnormalities havenbghown to be directly related to a series of ateamsmission
system alteration. In depressed condition therelaages in intracellular events which result frgignal to second
intracellular messenger such as G-protein, adeoldsg etc. Studies showed that an increased inlstiony G -
protein level in the frontal, temporal and occipitartices of individuals with depression. Postreartstudies and
studies of peripheral cells in the patient with sgion have consistently shown an increases inyfmelase, an
enzyme that converts ATP in the cyclic AMP(cAMP) igih activate protein kinase A(PKA), an enzyme that
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regulate various neurobiological changes. It wae abserved that increase levels of phosphatidsitiolo(PIP2) in
the platelet of depressive patient.

4.4 Serotonin and depression

The serotonin (5-HT) hypothesis of depression isertban 40 years oldThis hypothesis proposes that diminished
activity of 5-HT pathways plays a causal role i thathophysiology of depressforiThis serotonin depletion
hypothesis of depression based on following evidenc

4.5 Tryptophan Depletion and Depression

"Tryptophan depletion" is one approach to elucidhterole of 5-HT in depressifinThere are several reports that
for plasma L-tryptophan (L-TRP), availability isgsificantly lower in subjects with major depressitran in
normal controld Because the amino acid L-tryptophan (L-TRP) &cprsor of 5-HT and conversion of tryptophan
to 5-hydroxytryptophan by tryptophan hydroxylasethe rate-limiting step in 5-HT synthesis. Thisptigphan
depletion is able to produce a transient lowerihigrain 5-HT activity . Thus tryptophan depletionigérferes with 5-
HT synthesis and decreased serotonergic activitpajor depression. Decreased plasma L-TRP contiemsaare
most likely related to lower central presynapti¢iB-activity’®. One hypothesis to explain lower plasma L-TRP
concentrations and altered L-TRP pharmacokinetiadeipression is enhanced catabolism of L-TRP iritiee by
induction of pyrrolase, the first rate-limiting emae of the kynurenine-nicotinamide pathWway

4.6 Plasma or platelet serotonin contents:

Blood platelets are able to take up, store, anghsel 5-HT by mechanisms that are sufficiently sintib those of
central 5-HT neurond It presents as an easily accessible marker of Stiction, which in the absence of the
sophisticated neuro-imaging techniques that are lmevoming available, has provided much informategarding
the adaptations to the serotonergic system in mdgpression and other g psychiatric disorders. Sdtiover is
reduced in depressed subjects who have committeidisd.

4.7 5-HT pathway in depression

Basal ganglia structures (e.g., frontal cortestatm and substantia nigra) are primarily innezdaby those in the
dorsal raph®. It was suggested that the pathway connectingrtbdian raphe nucleus (MRN) to the hippocampus
system involve in depressidh'

5-HT receptor

Out of 14 distinct mammalian 5-HT receptor subtypddT; and 5-HT, subtypes are involved in depression. Many
studies on serotonergic alteration in brain regissue by employing brain imaging technique. 5-HEe&eptors are
likely to be the main target of the MRN (Median RepNucleus)-hippocampus. A reduced number of higpgeis
5-HT,A receptors in post-mortem brains of depresseddasdhave been reportédThis suggests that reduction in
5-HT;4 function is associated with depression. The numddeb-HT; binding sites was significantly lower in
hippocampus, whereas the affinity of 5-Hinding sites was significantly lower in the amgfg These results
may provide some evidence of increased corticallptdceptors in (depressed) suicides, and decreaswityl of
5-HT; receptors in the hippocampus and amygdala of depdesubjects. Major depression is characterizea by
down-regulation or hyporesponsivity of postsynaptid T, receptor¥.

5-HT, receptor

Post-mortem tissue studies are found an increaSeHin, receptors in cortical regions of depressed suicidgéms,
especially the prefrontal corté%-HT, binding in the blood platelets of depressed p&tiémcreased. Increased 5-
HT, binding (Bmax) in depressed patients is also sttpgdiy the increased 5-HTeceptor functional response as
measured by phosphoinositide turnover and 5-HTéeduplatelet aggregation. Mikuni et al. reportedt tthe
effects of 5-HT to increase intracellular calciumplatelets was greater in depressed patientsinheaontrols, which

is consistent with the hypothesis of 5-4+f€ceptor up-regulation in depressibn

and dendrites, type ID at terminals). This mechmanisvolved over several weeks with a return or éase of
presynaptic activity, production, and release &fB-

450
Scholar Research Library



Girish P. Laddhaet al Der Pharmacia Lettre, 2012, 4 (2):443-455

Antagonist

The Phenylpiperazine Nefazodone has a prominemctdiantagonistic effect at 5-HT2A receptors thaty ma
contribute to antidepressant Finally, the atypagidepressants Mirtazapine and Mianserin aretstraicanalogs of
5-HT with potent antagonistic effects at severatggnaptic 5-HT receptor types (including 544.15-HT,c 5-HT;
receptors) and can produce gradual dow n-regulatfdiHT,, receptord More ever the antidepressant efficacy
ofritanserin a pure 5-HTantagonist has been establistied

4.8 Monoamine Oxidase | nhibitors (MAQI S)

MAO regulates the metabolic degradation of catemiates, 5-HT, and other endogenous amines in the &
peripheral tissuesSthe MAOs comprise two structurally related flavontaining enzymes, designated MAO-A and
MAO-B. MAO-A preferentially deaminates Epinephrine, NEdaBHT, is selectively inhibited by Clorgyline,
Moclobemide and MAO-B metabolizes Phenethylamisenlibited by Selegiline. Selective MAO-A inhibigare
more effective in treating major depression than @AB inhibitors. Selegiline also has antidepresszffects,
particularly at doses >10 mg that also inhibit MAQer yield amphetamine-like metabolites. Severairidtting
selective inhibitors of MAO-A (e.g., Brofaromine daiMoclobemide) and Toloxatone, nonselective, irrsixde
MAO inhibitor, have at least moderate antidepresséacts.

5. Nootropic Activity

Cognitive functions can be defined as an animalfzability to collect, encode, treat, store and asg kind of
knowledge about its environment. Learning is defias the acquisition of information and skills, eubsequent
retention of that information is called membtry

5.1 Therole of serotonergic-cholinergic interaction in the medication of cognitive behaviour

Cholinergic systems have been closely linked toitdg processes such as attention, learning fanctlong with
acetylcholine other neurojtransmitter systems sashserotonin (5-hydroxytryptamine, 5-HT) is thougbtbe
involved in these processes. There is increasingeaee that 5-HT and ACh neurotransmitter systemgeh
considerable functional interactions in learningd anemory process¥sdrugs acting at serotonergic systems
influence human as well as animal cognition; seretgic neurons degenerate in disorders associatbdlementia
and animals with serotonergic lesions exhibit aliens in tasks aimed at measuring cognitive behaviThere is
considerable evidence that acetylcholine releassder an inhibitory 5-hydroxytryptaminergic torngherefore;
decrease serotonin release is responsible fordserelease of acetylcholine from striafum’

There have been a great many reports regardingxistence of serotonergic perturbations associaitd age-
related cognitive disorders such as Alzheimer m filontal cortex and hippocampus produced eithethbylong-
term residual neurotoxic effects of p-chloroamphete (i.e., 24-h and 1-week injection) or by nearit lesions

of the dorsal raphe nucleus, failed to affect révenscore¥. Evidence from invertebrates to human studies
indicates that serotonin (5-hydroxytryptamine; 5)Hiystem modulates short- (STM) and long-term megmor
(LTM)*®. Anatomical interaction

Medial septum (MS); the vertical limb of the diagbband of Broca (vDBB) the horizontal limb of tdegonal
band of Broca (hDBB) and the nucleus basalis maghdaris (NBM) of basal forebrain and the pedugantine
tegmental nucleus (PPTg) and the laterodorsal tegah@ucleus (LTDg), of cholinergic brainstem nuiciee
important cholinergic pathways involve in learniagtivity. Dorsal raphe nucleus (DR) and Medial maptucleus
(MR), both pathways of seorotonin interact with abdaholinergic pathways.

Two important considerations derive from anatomidata: first, there are serotonergic projectionghi® basal
forebrain and it appears that the MS and vDBB rexgirojections mainly from the MRN, whereas the DRN
appears to be the primary source of serotonergijegiions to hDBB and NBM. Similarly, there are jections
from DR and central superior raphe nuclei to th&d@Rnd LTDg where serotonergic projections alscapge
directly at cholinergic neurons Thus; there aret@mécal evidences for direct interactive procesbesveen
serotonergic and cholinergic systems, whateverbiteavioural significance. Second, there is alsaenge for
ongoing indirect interactive processes at the lefeconvergent Projection areas of the two neunstmtter
systems: Serotonergic neurons innervate the hipppes, the primary target of MS and vDBB cholinenggzirons,
cortical areas and the amygdala, which are botkerraied by the NBM. Moreover, there are serotowmergi
projections to thalamic and hypothalamic nuclei &amdhe substantia nigra, which also receive dehsdinergic
innervations from brainstem cholinergic nuclei amdNBM. Based on these anatomical findings, it nimey
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suggested that there are different serotonergitirargic interactive systems. One system coulddsrdbed as the
MR-MS/vDBB-hippocampal, the other as the DR-NBMamall amygdaloid system. A third system importamt i
interactive terms could be the DR/MR-PPTg/LTDg #tmaic and/or nigral system and activation or inldiitof the
different systems could have different effects ogritive behaviouf.

5.2 Serotonin receptor and memory
There are different distributions of serotonergicaptor subtypes within the brain and thus serogpcieholinergic
drug interaction of importance for the contexttugtreview are the 5-HE, 5-HT,4,5-HT,¢,5-HT3,5-HT4,5-HT.

5-HT 14 receptor

The 5-HT;4 receptor is highly concentrated in cortical amddic brain areas associated with memory functiéns.
HT.a receptor present at the somatodendritic inhibitatyoreceptor and postsynaptic located in hippocasmp
pyramidal and granule cells are involved in cogmitiunction. Drugs acting at the 5-hTreceptor can, depending
on the dosages, inhibit or enhance 5¢Teceptor function, resulting in varying modulatceffects on key
neurotransmitters (glutamate, GABA, and acetylet®[ACh)) involved in cognitiof.

Studies using the original full 5-Hf agonist 8-hydroxy-2-(di-n-propylamino) tetralm (84-DPAT), other agonists
such as tandospirone, and partial agonists suchusgirone, in rodents have shown a range of reggois
cognitive tasks from improvement to impairment. B-OPAT showed a biphasic dose effect, with low dose
(presynaptic specific) causing facilitation and thigoses (pre plus postsynaptic receptor activatima)sing
impairment. Administration of 8-OH-DPAT into theptae nuclei, which contain serotonergic neuron betlies,
causes inhibition of 5-HT neuronal firing via aetilon of the dendritic inhibitory 5-Hk autoreceptors in this brain
area, which results in decreased 5-HT release fevminal 5-HT-neurone projection areas. Therefdle;rease
serotonin release is responsible for increaseselehacetylcholine from striatufn

Administration of 8-OH-DPAT with high doses (preupl postsynaptic receptor activation) causing inmpeint,
because these high dose of act on postsynaptic 13-FEeptor located in hippocampus. In the hippocanpu
postsynaptic 5-Hij, receptor has been localized to excitatory pyraiméaa granular cells of the hippocampus.
Pyramidal cell firing is inhibited by 5-HE receptor agonists, and such agonists have alsod¥ervn to interfere
with NMDA receptor-mediated excitation. There arany examples, using a range of tests, showingstiattive
5-HTya-receptor antagonists, including WAY-10635 and N288, reverse deficits in learning and memory
induced by 5-HT, agonists. The cognitive improvements observed WiHHT;, antagonists being mediated by
postsynaptic 5-Hi receptors, it is still unclear which other neuaosmitters and mechanisms are involved. Both
WAY-100635 and WAY-101405 increase extracellulagtgicholine in the hippocampus. Alternatively, thetion
might be through enhancement of glutamate functieich increases after treatment with Lecozotargtlzer
selective 5 - HTa-receptor antagonist

5-HT 3 receptor:

5-HT; receptors mediate inhibition of acetylcholine aske in cortical tissue. Radioligand binding studibew a
high density of 5-HT receptor in the cholinergic rich cortex ; so rethrc in cortical cholinergic function can
effected by 5-H% receptor. Release of acetylcholine from rat emtathcortex was stimulated by potassium.
Selective 5-HT receptor agonist 2-methyl 5-HT inhibited potassistimulated acetylcholine release . 5-HT
antagonist such as Ondansetron and Ganisetron @zthéiasal and potassium stimulated Ach release $hioes of
rat entorhinal cortex and stratium. 5-HEceptors present on GABAergic intemeurons of digggnpus and cortex
are involved in cognitive functidh In the entorhinal cortex, 5-HTreceptor antagonist block the excitatory

neurons and increase activity of cholinergic sy$tem

SHT ,a2c receptors

At the systems level, the activation of 544 ;3c receptors induces a facilitory effect on cholinenglease in the rat
frontal cortex, it was observed to enhance learning. This sugglestase of 5HTc agonists as therapeutic tools
for the treatment of severe memory deficits in hosaa

5-HT,4 receptor
The number of hippocampal 5-BTeceptors is reduced in patients with Alzheimelisease. 5-HJ receptor
agonists stimulate adenylate cyclase, thereby &sing cAMP levels and decreased in hyperpolarisdtiat may
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cause increase in neuronal excitability and inarehe release of acetylcholine in the rat frontatex. These basic
modifications in neuronal excitability and/or nemamsmitter release by 5-HTigands in anatomical structures
linked to memory and suggest an active involvenarthese receptors in learning. RS67333, a seled@iHT,
agonist, antagonizes the performance induced byiat in rats on the Morris water maze; his effeceversed by
RS67532, a selective 5-Hantagonist.

6. M echanism of serotonin

Serotonin reuptake transporters (SERTS) are depemdeextracellular Na+ and extracellular Cl-. WaliNa, CI
can be at least partly substituted for by N®r, and other anions. Intracellular potassiuni)(k& also used in the
process but can be replaced by other ions, mosiblyotydrogen (B). The driving force for the energetically
unfavorable transport of serotonin is the "Wdlux down its concentration gradient. The N& pump
(Na'/K* ATPase) maintains the extracellular "N@ncentration as well as the intracellulafcé&ncentration.
Na'/K* ATPase pumps three Nmns our for each two Kions pumped into the cell. The electrical potdntia
produced, in addition to creating the N@ncentration used by the transporter proteim lgads to the loss of Tl
ions from the cell which is also used in transpdtie first step occurs when Na+ binds to the eanpirotein.
Serotonin, in its protonated form (5HT then binds to the transporter followed by.@hloride ions are not
required for 5HT binding to occur but are necessary for net trarigpdake place. The initial complex of serotonin,
Na’, and Clcreates a conformational change in the transpratein. The protein, which began by facing the
outside of the neuron, moves to an inward positidrere the neurotransmitter and ions are releasted tive
cytoplasm of the neuron. Intracellulaf Kaen binds to the SERT to promote reorientatiothefcarrier for another
transport cycle. The unoccupied binding site becmace again, exposed to the outside of the oellthe K is
released outside the cell.

6.1 Factors affect serotonin level reduction

» Stress

» PCB's, pesticides and plastic chemicals exposure

* Under-methylation

* Inadequate sunlight exposure

» Tryptophan (precursor) deficiency

» Iron, calcium, magnesium, zinc, B3, B6, folate &awnin C deficiency
* Inadequate sleep

» Glutathione deficiency

» Chronic infections

* Food allergies

» Genetic serotonin receptor abnormalities

» Chronic opioid, alcohol, amphetamine & marijuana us
* Human growth hormone deficiency

» Progesterone deficiency

» Impaired blood flow to brain

 Insulin resistance or deficiency

7. Useof serotonin

Serotonin (5-hydroxytryptamine, 5-HT) is a neurosm@itter in the brain that has an enormous infleemeer many
brain functions. The functions of serotonin are euons and appear to involve control of appetitegs] memory
and learning, temperature regulation, mood, behdiicluding sexual and hallucinogenic behaviogxdiovascular
function, muscle contraction, endocrine regulatimg depression. Due to the widespread distribugfoserotonin
in the nervous system, it is not surprising thas theurotransmitter can be linked to many typedaeliavior.
Serotonin is perhaps the most implicated in thattnent of various disorders, including anxiety, reéspion,
obsessive-compulsive disorder, schizophrenia, sfrokesity, pain, hypertension, vascular disordergraine, and
nausea. The linkage of serotonin to depressiorbbas known for the past five years. From numertudies, the
most concrete evidence of this connection is theedsed concentration of serotonin metabolites3Hk&AA (5-
hydroxyindole acetic acid) in the cerebrospinalidland brain tissues of depressed people. If dsjmes as
suggested, is a result of decreased levels ofa®min the brain, pharmaceutical agents that eamrse this effect
should be helpful in treating depressed patiertterdfore, the primary targets of various antidegaesmedications
are serotonin transports of the brain. Since sahotis activated when released by neurons into syreapse,
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antidepressants function at the synapse to entssrotonin activity. Normally, serotonin's actionsthe synapse
are terminated by its being taken back into thearethen releases it at which point "it is eithecycled for reuse
as a transmitter or broken down into its metabblcproducts and transported out of the brain. Assult,
antidepressants work to increase serotonin levelthe synapse by blocking serotonin reuptake.Theeste
medications used to suppress depression are ¢adllgctknown as selective serotonin inhibitors (SSRI
Unfortunately, although these SSRIs are effectine tieating depression and are the least toxic & th
antidepressants, they do produce some harmfuledfdets. In fact, some have defined the presenaeéin side
effects due to SSRIs as "serotonin syndrome.

The serotonin syndrome is generally caused by abgwtion of two or more drugs, one of which is ofta
selective serotonergic medication.
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