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ABSTRACT
The presynaptic autoreceptors and / or presynaptic heteroreceptors of the principal 
neurotransmitters involved in the release mechanism of neurotransmission have 
been identified employing various experimental models, based on receptor types /
receptor subtypes and it’s stimulatory or inhibitory functions. The pharmacological, 
neurophysiological, neurobiochemical in vivo or in vitro insect, animal or human prototype 
experimental models were selected from the exhaustive search of literature published in 
standard journals using, Google search engine, to identify the presynaptic autoreceptors 
or presynaptic heteroreceptors. The complexity of neuronal function in nervous system 
is based on the expression of presynaptic autoreceptors controlling / regulating the 
release and that of presynaptic heteroreceptors activated by the neurotransmitter / 
modulator released from other axon terminal communicated inter/ intraneuronally. In 
the present review, eight types of prominent presynaptic auto or heteroreceptors of 
seven neurotransmitters of central and peripheral nervous system namely cholinergic 
muscarinic, cholinergic nicotinic, adrenergic, serotonergic, dopaminergic, histaminergic, 
glutaminergic and GABArgic and their subtypes were classified according to stimulatory 
or inhibitory functions and explained on the basis of prototype experimental in vitro /  
in vivo tissue models.
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INTRODUCTION
The central mechanism of  neurotransmission 
is via complex collection of  billions of  
various types of  nerve cells. The pattern of  
neuronal network formed by the individual  
neuron, identified from the neurotransmitter 
released via auto or heteroreceptor activation 
that determines its function for the regulation 
of  flow of  information. The autoreceptors 
are release regulating receptors localized 
externally on presynaptic axon terminal.1 
Receptors controlling the release following 
depolarization are suggested to be presynap-
tic autoreceptors2 whereas heteroreceptors 
are coexisting with auto receptors which 
are activated by the neurotransmitters or 
modulators, released from the other inter/ 
intra neuronal axon terminal.3 In the present 
review, research perspectives on neuro-
transmission via presynaptic autoreceptors 
and presynaptic heteroreceptors such as 

cholinergic, adrenergic, dopaminergic, sero-
tonergic, histaminergic, glutaminergic and 
GABArgic using prototype pharmacological, 
neuro physiological and neurobiochemi-
cal experimental techniques of  in vivo and  
in vitro cellular system from live species which 
include insect (e.g. cockroach), animals (e.g. 
mice, rats, guinea pigs, rabbits, feline etc.) 
and human have been described. The data 
were collected from extensive search of  
literature via search engines Google, and 
papers published in the national and inter-
national journals.

RESULTS
The presynaptic autoreceptors / 
heteroreceptors for the seven types of  
principal neurotransmitters were classified 
into eight classes (Class I – Class VIII) as 
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Table 1: Classification of Presynaptic Autoreceptors / Heteroreceptors.
Class No.  Sub-Class  Receptor sub-type 

 I Presynaptic cholinergic muscarinic autoreceptors / heteroreceptors 
I-(a)(1) Presynaptic cholinergic muscarinic autoreceptors
 I-(a)(1) Presynaptic cholinergic muscarinic inhibitory M2/ M4 autoreceptors
 I-(b) Presynaptic cholinergic muscarinic heteroreceptors 

 I -(a)(1) Presynaptic cholinergic muscarinic M4 heteroreceptors
II Presynaptic cholinergic nicotinic autoreceptors / heteroreceptors

II-(a) Presynaptic cholinergic nicotinic autoreceptors
II -(a)(1) Presynaptic cholinergic nicotinic stimulatory autoreceptors
II-(a)(2) Presynaptic cholinergic nicotinic stimulatory autoreceptors at skeletal NMJ.
II- (b) Presynaptic cholinergic nicotinic heteroreceptors 

II-(b)(1) Presynaptic cholinergic nicotinic ( glutaminergic ) heteroreceptors
III Presynaptic adrenergic autoreceptors / heteroreceptors 

III- (a) Presynaptic adrenergic autoreceptors 
III-(a)(1) Presynaptic adrenergic α2 inhibitory autoreceptors
III- (b) Presynaptic adrenergic heteroreceptors 

III- (b)(1) Presynaptic adrenergic α2 heteroreceptors
IV Presynaptic serotonergic autoreceptors / heteroreceptors 

IV-(a) Presynaptic serotonergic autoreceptors
IV-(a)(1) Presynaptic serotonergic 5 HT1A autoreceptors 
IV-(a)(2) Presynaptic serotonergic 5 HT1B autoreceptors 
IV-(a)(3) Presynaptic serotonergic 5 HT1Dautoreceptors 
IV-(b) Presynaptic serotonergic heteroreceptors 

IV (b)(1) Presynaptic serotonergic 5 HT2A heteroreceptors
V Presynaptic dopaminergic autoreceptors / heteroreceptors 

V-(a) Presynaptic dopaminergic autoreceptors
V-(a)(1) Presynaptic dopaminergic D2 inhibitory autoreceptors 
V-(a)(2) Presynaptic dopaminergic D3 inhibitory autoreceptors 
V-(b) Presynaptic dopaminergic heteroreceptors 

V-(b)(1) Presynaptic dopaminergic D1 like (nACh-R) stimulatory heteroreceptors

V-(b)(2) Presynaptic dopaminergic (mAChR) stimulatory heteroreceptors

V-(b)(3) Presynaptic dopaminergic (ACh-R) inhibitory heteroreceptors
V-(b)(4) Presynaptic dopaminergic (mGlu-R) inhibitory heteroreceptors
V-(b)(5) Presynaptic dopaminergic (GABAB -R) inhibitory heteroreceptors

VI  Presynaptic histaminergic autoreceptors / heteroreceptors 
VI -(a) Presynaptic histaminergic autoreceptors 
VI-(a)(1) Presynaptic histaminergic (H3) inhibitory autoreceptors 

VI (b) Presynaptic histaminergic heteroreceptors
VI (b)(1) Presynaptic histaminergic (H3-GABAB ) inhibitory heteroreceptors 

VII  Presynaptic glutaminergic autoreceptors / heteroreceptors 
VII -(a) Presynaptic glutaminergic autoreceptors 

VII -(a)(1) Presynaptic glutaminergic inhibitory autoreceptors 
VII -(b) Presynaptic glutaminergic heteroreceptors

VII -(b)(1) Presynaptic glutaminergic (GABA) inhibitory heteroreceptors 
VII.-(b)(2) Presynaptic glutaminergic (nACh) stimulatory heteroreceptors 

VIII  Presynaptic GABArgic autoreceptors / heteroreceptors 
VIII- (a) Presynaptic GABArgic autoreceptors 

VIII- (a)(1) Presynaptic GABArgic (GABA-B) inhibitory autoreceptors
VIII- (b) Presynaptic GABArgic heteroreceptors

VIII-(b)(1) Presynaptic GABArgic (GABA-B) (Glu-R) inhibitory heteroreceptors 
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Table 2: List of Abbreviations from the text.
Sl. No.      Abbreviation   Long form of Abbreviation 

   01   GABA Gamma Amino Butyric Acid 
   02   Oxo-M Oxotremorine 
   03   EEG Electro Encephalogram 
   04   mPRF Medial pentane reticular formation 
   05   LAL Levator auris longus
   06   DA Dopamine 
   07  Cre / loxp Causes recombination / locus of crossing (x) over P1
   08   WT Wild type 
  09   PAM Positive allosteric modulator
  10   LFHSN Lateral fusiform hair sensory nerve
  11   CA-1 Comu Ammonis 
  12   d-TC d-tubocurarine 
  13 3HMCC [3H] methylcarbamylcholine 
  14   f-PTP facilitating post tetanic potentiation
  15   NE Nor-epinephrine 
  16   EKC Ethylketocyclazocine 
  17   Dbh Dopamine β hydroxylase 
  18   cAMP Cyclic Adenosine Mono Phosphate
  19   FSCV Fast scan cyclic voltammetry 
  20  8-OH-DPAT 8-hydroxy-2-di-n-propylamino tetralin
  21  WAY- 100135 N-tert-butyl-3,4-(2-methoxyphenyl) piperazin-lyl-2-phenyl propranamide dihydrochloride
  22   SERT Serotonin transporter
  23 PKd Equilibrium dissociation constant
  24    TOF Train of four 
  25    D2S DA D2 short 
  26   G (i) PCR G (inhibitory) protein coupled receptor 
  27    AC Adenylyl cyclase 
  28    m-Glu-R Metabotropic glutamate receptor 
  29   SNPc Substantia nigra par compacta 
  30   GIRK G protein activated inwardly rectifying potassium channel
  31    mACh R Muscarinic Acetylcholine receptor 
  32    NAC Nucleus accubens 
  33    APET Areclaidine propargyl ester tosylate 
  34     TEA Tetra ethyl ammonium 
  35   [ I (KM) ] Muscarinic regulated current 
  36    VTA Ventral tegumnetal area
  37    TTX Tetrodotoxin 
  38    KCNQ2 Potassium voltage gated channel subfamily Q member 2 
  39    RAMH R-alfa-methyl histamine 
  40    uIPSCs Unitary inhibitory postsynaptic currents 
  41  uEPSCs Unitary excitatory postsynaptic currents
  42   Mf-CA3 Mossy fiber at CA3 pyramidal cells
  43   KARS Kainate receptors
44 ACPD 1 amino cyclopentane -1,3-dicarboxylic acid 
45   f- EPSP Field excitatory postsynaptic potential 
46   MCCG 2-methyl-2 (carboxy-cyclopropyl) glycine 
47   DCG –IV [ (dicarboxy cyclo-propyl) glycine ] –IV
48   m-EPSC miniature Excitatory postsynaptic current 
  49   3-5-DHPG [ (RS)-3,5,-Dihydroxyphenylglycine ]
  50   DASP d-aspartate
  51    MPEP 2 methyl -6-(phenylethynyl) pyridine
  52    CPCCOEt (cyclopropa (b) chromen-la-carboxylate-ethyl-ester 
  53    SCN Supra chiasmatic nucleus 
  54    IPSC Inhibitory post synaptic current 
  55    PTX Pertussis toxin 
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Table 3: List of Abbreviations for Auto / Heteroreceptors in the Summary Chart.
Reno. Class of Receptor type  Name of Auto / Heteroreceptors Abbreviations

 01 Class – I Presynaptic cholinergic (muscarinic) Autoreceptors / Heteroreceptors  [ P.c.(m).A/H ]
 02  Class-I-(a) Presynaptic cholinergic (muscarinic) autoreceptors  [ P.c. (m).A ]
 03  Class- I-(a)(1) Presynaptic cholinergic (muscarinic) inhibitory M2 /M4 Autoreceptors [ P.c.(m) i M2/M4.A ] 
 04  Class-I-(b) Presynaptic cholinergic (muscarinic) heteroreceptors  [ P.c.(m).H ]
 05  Class-I-(b)(1) Presynaptic cholinergic (muscarinic) M4 (DA-D1-R) heteroreceptors [P.c.(m) M4 (DA-D1.H ]
 06  Class-II Presynaptic cholinergic (nicotinic) autoreceptors /heteroreceptors [ P.c.(n) A/H ]
 07  Class-II-(a) Presynaptic cholinergic (nicotinic) autoreceptors  [P.c.(n).A]
 08  Class –II-(a)(1) Presynaptic cholinergic (nicotinic) stimulatory autoreceptors [ P.c.(n).s.A]
 09

Class-II-(a)(2)

Presynaptic cholinergic (nicotinic) stimulatory autoreceptors at  
neuro-muscular junction [ P.c.(n).s.Anmj ]

 10 Class-II-(b) Presynaptic cholinergic (nicotinic) heteroreceptors  [ P.c.(n).H ]
11 Class-II-(b)(1) Presynaptic cholinergic (nicotinic) (glutaminergic ) heteroreceptors [ P.c.(n).gl.H ]
12 Class-III Presynaptic adrenergic α2 inhibitory autoreceptors/ heteroreceptors [ P.a. (α2).i.A/H ]
13 Class-III-(a) Presynaptic adrenergic autoreceptors  [ P.a.A]
14 Class-III-(a)(1) Presynaptic adrenergic α2 inhibitory autoreceptors [ P.a. (α2).i.A ]
 15 Class-III-(b) Presynaptic adrenergic heteroreceptors  [ P.a.H ]
 16 Class-III-(b)(1) Presynaptic adrenergic α2 inhibitory (kappa, Opioid ) heteroreceptors [ P.a. (α2).i.H ]
 18 Class-IV Presynaptic serotonergic Autoreceptors / Heteroreceptors  [P.s.(5HT).A/H ] 
19 Class-IV-(a) Presynaptic serotonergic autoreceptors  [P.s.(5HT).A]
20 Class-IV-(a)(1) Presynaptic serotonergic 5HT1A inhibitory autoreceptors  [P.s.(5HT1A).i.A]
21 Class-IV-(a)(2) Presynaptic serotonergic 5HT1B inhibitory autoreceptors  [ P.s.(5HT1B).i.A]
22 Class-IV-(a)(3) Presynaptic serotonergic 5HT1D inhibitory autoreceptors  [ P.s.(5HT1C).i.A]
23 Class-IV-(b) Presynaptic serotonergic heteroreceptors  [ P.s.(5HT).H ]
24 Class-IV-(b)(1) Presynaptic serotonergic 5HT2A heteroreceptors  [ P.s.(5HT2A).H ]
25 Class-V Presynaptic dopaminergic autoreceptors /heteroreceptors [ P.DA.A / H ]
26 Class-V-(a) Presynaptic dopaminergic autoreceptors [ P.DA. A ]
27 Class-V-(a)(1) Presynaptic dopaminergic D2 inhibitory autoreceptors  [ P.DA.(D2).i.A ]
 28 Class-V-(a)(2) Presynaptic dopaminergic D3 inhibitory autoreceptors  [ P.DA.(D3).i.A ]
 29 Class-V-(b) Presynaptic dopaminergic heteroreceptors  [ P.DA.H ]
30 Class-V-(b)(1) Presynaptic dopaminergic (nACh-R) stimulatory heteroreceptors [ P.DA.(nACh-R).s.H]
31 Class-V-(b)(2) Presynaptic dopaminergic (mACh) stimulatory heteroreceptors [P.DA.(mACh-R).s.H]
 32 Class-V-(b)(3) Presynaptic dopaminergic (mACh) inhibitory 

heteroreceptors
[P.DA.(mACh-R).i.H]

33 Class-V-(b)(4) Presynaptic dopaminergic (mGlu-R) inhibitory heteroreceptors [P.DA.(mGlu-R).i.H]
34 Class-V-(b)(5) Presynaptic dopaminergic (GABA-R) inhibitory heteroreceptors [P.DA.(GABA-R).i.H]
35 Class-VI Presynaptic histaminergic H3 autoreceptors / heteroreceptors  [ P.H3.A/H ]
36 Class-VI-(a) Presynaptic histaminergic H3 autoreceptors  [P.H3.A]
37 Class-VI-(a)(1) Presynaptic histaminergic H3 inhibitory autoreceptors  [P.H3.i.A ]
38 Class -VI-(b) Presynaptic histaminergic H3 heteroreceptors  [P.H3.H]
39 Class-VI-(b)(1) Presynaptic histaminergic (H3-R) (GABAB) inhibitory heteroreceptors  [P(H3-R) (GABAB) i.H]
40 Class- VII Presynaptic glutaminergic Autoreceptors / Heteroreceptors [P. (gl). A / H ] 
41 Class VII-(a) Presynaptic glutaminergic autoreceptors  [ P.(gl).A ]
42 Class VII-(a)(1) Presynaptic glutaminergic inhibitory autoreceptors  [ P.(gl) .i.A ] 
43 Class VII-(b) Presynaptic glutaminergic (GABA) heteroreceptors [ P.(gl).(GABA).H ]
44 Class VII-(b)(1) Presynaptic glutaminergic (GABA) inhibitory heteroreceptors [ P.(gl).(GABA).i.H ]
45 Class VII-(b)(2) Presynaptic glutaminergic (nACh R) stimulatory heteroreceptors [ P.(gl).(nACh-R).s.H]
46 Class VIII Presynaptic GABA autoreceptors /heteroreceptors [ P.(ga).A/H ]
47 Class VIII-(a) Presynaptic gabargic autoreceptors [ P.(ga).A ]
48 Class VIII-(a)(1) Presynaptic gabargic (GABAB) inhibitory autoreceptors [ P.(ga) (GABAB).i.A ]
49 Class VIII-(b) Presynaptic Gabargic heteroreceptors [ P.(ga).H ]
50 Class VIII-(b)(1) Presynaptic Gabargic (GABAB)(Glu) inhibitory heteroceptors [ P.(ga).(GABAB)  

(Glu-R).i.H
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predominantly mediated by M4 subtype of  presynaptic 
muscarinic inhibitory autoreceptors.5 

I- (a)(1).3
Prefrontal cortex of C57BL /6J mouse

The role of  cholinergic muscarinic M2 autoreceptor in 
modulating ACh release in prefrontal cortex of  C57BL/ 
6J mouse has been evaluated on cortical EEG by micro 
dialysis delivery of  muscarinic antagonist AF-DX116 
(3 nM). It was observed that the mean ACh release 
in prefrontal cortex was significantly increased by 
AF-DX116.6 

I- (a)(1).4
Feline medial pentane reticular formation

The micro dialysis delivery of  cholinergic muscarinic 
receptor antagonist to the feline medial pentane reticular 
formation (mPRF) and simultaneous measurements of  
endogenously released ACh was performed. From the 
minimum ACh releasing concentration by cholinergic 
muscarinic antagonists scopolamine (1 nM), AF-DX 
116 (3 nM) and pirenzepine (300 nM), it was concluded 
that in mPRF of  feline, ACh release was regulated 
by presynaptic muscarinic M2 subtype of  inhibitory 
autoreceptor.7

I- (a)(1).5
Confocal microscopy and quantitative 
morphological analysis on transgenic mouse 
motor endplate

The individual presynaptic muscarinic autoreceptor 
subtypes M1, M2 and M4 allow direct competitive 
interaction between nerve terminals through differential 
activity-dependent ACh release in the synaptic cleft 
during neonatal neural development. The muscarinic 
subtypes, mACh-R M1, M2 and M4 were identified by 
counting brightly fluorescent axon per end plate in p7, 
p 9 and p15 transgenic mice using confocal microscopy 
and quantitative morphological analysis. Involvement of  
mACh-R M1, M2 and M4 subtypes individually studied 
by in vivo subcutaneous injections of  mACh-R agonist 
Oxo-M and selective mACh-R subtypes antagonist M1 
(pirenzepine), M2 (methoctramine) and M4 (muscarinic 
toxin 3) over the external surface of  LAL (Levator auris 
longus) muscle, in controlling axonal elimination after 
removal of  the LAL muscle.8

I- (b)
Presynaptic cholinergic (muscarinic) 
heteroreceptors
I- (b) (1)

shown in Table 1 and were described in brief  on the basis 
of  the tissue model system used for the identification.

CLASS I
PRESYNAPTIC CHOLINERGIC MUSCARINIC 
AUTORECEPTORS / HETERORECEPTORS
I-(a) Presynaptic cholinergic (muscarinic) 
autoreceptors
I- (a)(1).1
Presynaptic cholinergic muscarinic inhibitory M2 / 
M4 autoreceptors
I- (a)(1).1
Human cerebral cortex and scopolamine induced 
amnesia in knock out (KO) mice

It was shown that acetylcholine (ACh) released from 
parasympathetic neuron by interacting with M2 and M4 
muscarinic auto receptor located on human cerebral 
cortex, inhibited further neurally released ACh. It was 
observed that scopolamine - induced amnesia was 
considerably reduced in M2 and M4 single KO mice. 
The abnormal regulation of  cholinergic function in 
the hippocampus, may be due to altered autoreceptor 
function that resulted into cognitive deficit as evidenced 
from the impaired passive avoidance in M2 and M2/ 
M4-KO but not M4 -KO mice.4

I- (a)(1).2
Mouse hippocampal, cortical and striatal brain 
slice preparation

Potassium stimulated [3H] ACh release measurements 
were performed in superfused brain slices prepared 
from mutant mice lacking M2 receptor KO, M4receptor 
KO and M2-M4 receptor double KO mice labeled with 
[3H] choline in the presence or absence of  nonselective 
muscarinic agonist oxotremorine (Oxo-M) or antagonist 
atropine. Oxo-M (0.1-10 µM) inhibited K+ -stimulated 
ACh release measurements of  [3H] choline by about 80 
% in hippocampal, cortical or striatal brain slices from 
wild type mice. On the other hand in the presence of  
atropine (2 µM), inhibition of  K+ -induced ACh release 
measurements of  [3H] choline caused by Oxo-M was 
completely abolished confirming the existence of  
presynaptic autoreceptor as muscarinic type. From 
studies on M2 single KO mice and M2-M4 double KO 
mice in hippocampal and cortical slice preparation, it 
was suggested that inhibition of  K+ -stimulated ACh 
release is primarily mediated by M2 subtype whereas 
that of  M4 single KO mice, in striatal slice preparation is 
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Presynaptic cholinergic muscarinic M4 (DA-D1-R) 
heteroreceptors

The M4 muscarinic receptor is a Gi/o protein coupled 
receptor. Activation of  M4 heteroreceptors in the 
striatum inhibited D1 induced locomotor stimulation in 
mice.

I- (b)(1).1 
Effects on locomotor activity in WT and M4 
deficient KO mice

Regulation of  locomotor activity was studied using KO 
mice deficient in M4 receptor. Activation of  Dopamine 
(DA) D1 receptor increased basal locomotor activity 
and in comparison with wild type, greatly enhanced 
locomotor response, indicating hetero-inhibitory control 
on DA D1 receptor mediated locomotor stimulation at 
the striatal projection neuron.9

I- (b)(1).2 
Behavioral effects on M4-ACh-R deficient mutant 
mice

In a specific subset of  striatal projection neurons 
muscarinic M4 ACh-R are co-expressed with DA 
D1receptor. Mutant mice lacking M4-ACh-R were 
generated in DA D1 receptor expressing cells in striatal 
projection neuron using cre / loxp Technology, which 
displayed enhanced behavioral sensitization.10 

I– (b)(1).3
Effects on locomotor activity in rats and wild type 
(WT) and KO mice

Highly selective M4 positive allosteric modulator 
(PAM), VUO152100 dose-dependently reversed the 
amphetamine induced enhancement in locomotor 
activity in rats, WT mice and KO mice deficient of  
M4–ACh-R subtype. In microdialysis, it was revealed 
that PAM VUO152100 also reversed the amphetamine 
induced increases in extracellular DA levels in nucleus 
accumbens and caudate–putamen indicating hetero-
inhibitory control of  the muscarinic M4 subtype over 
DA level.11

CLASS -II.
PRESYNAPTIC CHOLINERGIC NICOTINIC 
AUTORECEPTORS /HETERORECEPTOR
II- (a)
Presynaptic cholinergic (nicotinic) autoreceptors 
II – (a)(1)

Presynaptic cholinergic nicotinic stimulatory 
autoreceptors

II – (a)(1).1
Rat cerebro-cortical slice preparation

The tritiated ACh release evoked at 0.1 and 3 Hz from 
rat cerebro cortex slices; was inhibited by the muscarinic 
cholinergic agonist, Oxo-M and stimulated by the 
muscarinic cholinergic antagonist, atropine. The [3H] 
ACh release induced at 0.1 Hz and not at 3 Hz; was 
stimulated by the nicotine which was inhibited by the 
nicotinic antagonist, mechamylamine. The [3H] ACh 
release induced at 3Hz and not at 0.1Hz, was decreased 
by the anticholinesterase, neostigmine whereas in the 
presence of  atropine, neostigmine potentiated ACh 
release. Potassium (15 mM) evoked synaptosomal [3H] 
ACh release was inhibited by ACh, whereas [3H] ACh was 
enhanced, by ACh when external calcium concentration 
was decreased (0.1 mM Ca2+). It was suggested that, 
nicotinic autoreceptors become responsive under the 
conditions that mimic impairment of  ACh release, 
giving clues of  the effective adjunct in the therapy of  
cholinesterase inhibitors and nicotinic agonists for the 
Alzheimer’s disease.12 

II - (a)(1).2
Human and rat striatal synaptosome preparation

The [3H]-D-aspartate or [3H]-ACh release from human 
neocortex and rat striatal synaptosome preparation was 
used to evaluate the existence of  functional presynaptic 
nicotinic hetero and autoreceptors. It was shown that 
presynaptic nicotinic autoreceptors of  α4β2 type localized 
at cholinergic nerve terminals and presynaptic nicotinic 
heteroreceptors of  α7* type localized at glutaminergic 
nerve terminal. Activation of  these presynaptic auto 
and heteroreceptors mediated enhancement in the ACh 
and glutamate release respectively.13 

II – (a)(1).3
Rat hippocampal synaptosome preparation

The (-) nicotine and the nicotinic agonists such as (+) 
epibatidine, (+) anatoxin-a, cystine, isoare-colone evoked 
concentration dependent increase in [3H] ACh release 
as shown by a “bell shaped” concentration- response 
curve, from superfused rat hippocampal synaptosomal 
preparation that was abolished by the nicotinic 
antagonist dihydro-β-erythroidine, mechamylamine and 
pempidine. 
However the α 7 selective antagonist methyllycaconitine 
did not abolish nicotine-induced [3H] 
ACh release. At the same time KCl-induced [3H] ACh 
release remain unaffected indicating the existence 
of  nicotinic autoreceptor in the rat hippocampal 
synaptosome preparation.14 
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II – (a)(1).4
Somato-dendritic interneuron in the CA1 field

Patch clamp studies were performed to record responses 
from interneurons. The existence of  functional α7 and 
α4β2 like nACh -R was shown on somatodendritic 
region and preterminal /terminal region of  interneuron 
in the CA1 field. It was observed that the presynaptic 
heteroreceptor α7 nACh-R was desensitized faster than 
α4β2 nACh-R. On the other hand desensitization of  α7 
nACh-R induced by the non-selective agonist, ACh, lasts 
longer than that of  α7 nACh-R induced by the selective 
agonist, choline, Indicating the involvement of  nACh-R 
in cognitive function and certain neurological disorders 
such as Alzheimer’s disease and schizophrenia.15 

II – (a)(1).5
Cockroach LFHSN cholinergic nerve terminals

From intracellular microelectrode recordings and 
micro-iontophoretic application, existence of  
presynaptic nicotinic ACh-R has been shown in the 
axonal membrane of  the cholinergic nerve terminal of  
the lateral fusiform hair sensory nerve (LFHSN). The 
endogenously released ACh from cholinergic nerve 
terminal at the synapse following normal and evoked 
spike burst, depolarized the LFHSN suggesting that 
the nicotinic ACh-R acts as a presynaptic cholinergic 
nicotinic autoreceptor.16

II –(a)(2)

Presynaptic cholinergic nicotinic stimulatory 
autoreceptors at the skeletal neuromuscular 
junction (NMJ). 
II-(a)(2).1
Tritiated efflux measurements of ACh using 
radiolabelled technique at rat left hemidiaphragm 
preparation

The existence of  facilitatory nicotinic autoreceptors 
was shown from the maximum inhibition of  tritiated 
efflux using radiolabelled technique. The effect of   
snake venom neurotoxins, β-bungarotoxin, 
κ-bungarotoxin, α cobra-neurotoxin, erabutoxin-b 
and plant neurotoxin d-tubocurarine (d-TC) following 
incubation of  rat left hemidiaphragm with [3H] choline, 
was evaluated on evoked release of  newly synthecised 
[3H] ACh. It was observed that d-TC reduced the evoked 
[3H] ACh release to about 50% by blocking presynaptic 
nicotinic autoreceptors at the motor endplates.17 The 
evoked release of  newly synthecised [3H] ACh following 
incubation of  rat left hemidiaphragm with [3H] choline 
was investigated in the absence of  anticholinesterase. 
It has been shown that, α -bungarotoxin, α-cobra toxin 

and erabutoxin-b did not affect nerve evoked release 
of  newly synthecised [3H] ACh in the absence of  anti-
AChE following incubation of  rat left hemidiaphragm 
preparation with [3H] choline. Under identical 
condition d-TC reduced evoked release of  [3H] ACh 
by about 50%. The α-bungarotoxin, α-cobratoxin, 
κ-bungarotoxin except erabutoxin–b enhanced basal 
tritium efflux immediately when applied to the end plate 
preparation.18 Chronic administration of  nicotine to 
the rat, caused a brain region specific up-regulation of  
[3H] methylcarbamylcholine (3HMCC) sites, increased 
binding in the frontal cortex, parietal cortex, striatum 
and hippocampus. Nicotine effect was selective to the 
nicotinic binding site as both muscarinic binding site M1 
[3H] pirenzepine and M2 [

3H] ACh remain unaffected.
Nicotine agonist methylcarbamylcholine increased 
ACh release from frontal cortex and hippocampus by 
calcium-dependent mechanism, which was not observed 
in rats treated with nicotine. Chronically treated rats 
with nicotine showed partial recovery of  nicotinic 
autoreceptor function of  ACh release when allowed to 
recover for 4 days, however, density of  nicotine binding 
sites remain increased in comparison to the control.19 

II– (a)(2).2
Effects of nicotinic antagonists on high frequency 
twitch responses and [3H] ACh release:

The subtype specific nACh-R antagonist, depressed nerve 
evoked contraction and [3H] ACh release in rat phrenic 
nerve hemidiaphragm. During high frequency train  
(50 Hz-5sec.), muscle tension was transiently increased. 
The nACh-R antagonist d-TC, mechamylamine and 
hexamethonium in addition to reduction in the muscle 
tension, also caused tetanic fade. It was inferred 
that blockade of  presynaptic nicotinic facilitatory 
autoreceptor consisting of  α3β2 subunits, produced 
tetanic fade which may be due to blocking nicotinic 
auto-facilitation of  ACh release.20

II-(a) (2).3 
Effects of d-TC on rat phrenic nerve  
hemidiaphragm preparation

The existence of  presynaptic stimulatory autoreceptor 
was reported using d-TC on mammalian neuromuscular 
junction subjected to tetanic stimulation. It was shown 
that d-TC blocks the prejunctional nicotinic ACh 
receptors thereby reduced the ACh output during high 
frequency stimulation with consequent transformation 
of  sustained tetanus to a tetanic fade. These  
prejunctional nicotinic receptors controlling the  
vesicular release of  ACh during high frequency 
stimulation are termed as presynaptic nicotinic 
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stimulatory autoreceptors at the rat neuromuscular 
junction.21,22

II –(a)(2).4

Effects of enhydrotoxin-a / E.schistosa antivenin 
treatment on rat phrenic nerve diaphragm 
preparation

Using model studies of  principal sea snake neurotoxin 
enhydrotoxin-a (61-4)23 and monovalent E. schistosa 
horse antivenin24 treatment and 100% washout at 
the mammalian neuro-muscular junction subjected 
to high frequency stimulation, it has been possible to 
unravel the existence of  presynaptic site of  action in 
predominant postsynaptically acting enhydrotoxin-a, as 
transformation of  sustained tetanus to an exaggerated 
twitch response when neuro-muscular transmission 
was restored to a Normal twitch response following 
single indirect electrical stimulation.25 The antibodies of  
principal neurotoxin enhydrotoxin-a present in the sea 
snake antivenin, while displacing enhydrotoxin-a from 
the postsynaptic nicotinic cholinoceptive sites, able to 
restore the normal twitch response. However, sustained 
response to the high frequency stimulation was lost, as 
prolonged exposure of  the antibodies at the postsynaptic 
nicotinic receptors, altered it’s conformational state, 
required to elicit the normal sustained tetanic response 
when neuro-muscular preparation was subjected to 
the high frequency stimulation. In the context of  
nonavailability of  the postsynaptic cholinoceptive 
sites, the accumulated ACh elicited exaggerated twitch 
response as the facilitating PTP (f-PTP) by interaction 
with nicotinic cholinoceptors expressed to elicit 
facilitatory twitch response, known as presynaptic 
nicotinic stimulatory type of  autoreceptors.26 The AChE 
inhibitor, physostigmine pretreatment restored the 
sustained form of  tetanus in the toxin-antivenin-treated 
neuromuscular preparation when hydrolysis of  ACh 
was prevented and sufficient ACh was available at the 
post- synaptic cholinoceptive sites to restore the altered 
conformation of  the post synaptic nicotinic receptors 
for the normal sustained form of  tetanus.25 

II–(b)
Presynaptic nicotinic (glutaminergic) 
heteroreceptors
II –(b)(1).1
Human neocortex and rat striatal synaptosomal 
preparation

The basal release of  [3H] d- aspartate from the  
superfused human neocortex and the rat striatal 
synaptosomes was not affected by nACh-R agonist such 

as anatoxin-a, epibatidine, nicotine or ACh plus atropine, 
however, K+-evoked Ca2+-dependent exocytotic release 
of  [3H] d-aspartate was enhanced. The enhancement 
in [3H] ACh release by ACh plus atropine on human  
cortical synaptosome however, was insensitive to the 
nicotinic antagonist α-bungarotoxin. The enhancement 
in [3H] ACh release was completely blocked by the 
ganglion blocker mechamylamine, indicating the 
existence of  α-7* nicotinic heteroreceptors mediating 
enhancement in glutamate release on glutaminergic axon 
terminals in human neocortex and in the rat striatum.13

CLASS - III
PRESYNAPTIC ADRENERGIC α2 INHIBITORY 
AUTORECEPTORS / HETERO-RECEPTORS 
III-(a) 
Presynaptic adrenergic autoreceptors 
III –(a)(1)

Presynaptic adrenergic α 2 inhibitory autoreceptors
III-(a)(1).1
Pig brain cortex slice preparation

Pig brain cortex slices were preincubated with [3H] 
norepinephrine (NE) followed by super fusion and 
stimulation electrically at 6 pulses / 100 Hz. The pKd 
values of  thirteen α2 antagonists were determined 
against α2 agonist UK 14304 .The pKd values of  all 
antagonists, except one showed excellent correlation 
with the values reported earlier for α2Atype but not for 
other types α2B, α2C & α2D and showed parallel shift of  
concentration response curve of  UK 14304 to the right. 
It was inferred that α2 autoreceptors in pig brain cortex 
are of  α2Asubtype.27 

III –(a)(1).2
Rabbit caudate nucleus slice preparation

The α2 agonist modulates the endogenously released 
DA in rabbit head caudate nucleus slice preparation. 
Endogenously released DA was measured by fast 
cyclic voltammetry from oxidation potential on 
voltammogram. Stimulation of  the caudate nucleus 
slice by 6 pulses / 100 Hz, increased extracellular 
concentration of  DA. Selective α2agonist UK 14304 
reduced the endogenously released DA from the slices 
stimulated by 6 pulses / 100 Hz, whereas α2 antagonist, 
did not affect the DA release from slices stimulated by 6 
pulses / 100 Hz. The DA antagonist sulpiride however, 
increased release of  DA, when caudate nucleus slice 
was stimulated by 10 pulses /1 Hz, indicative of  the 
existence of  the release inhibiting α2Aautoreceptor on 
dopaminergic axon.28 
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III–(a)(1).3
Microdialysis studies on rat brain

Microdialysis studies on the antidepressant drugs NE 
reuptake inhibitor, desipramine; mixed 5 HT/ NE 
reuptake inhibitor, sibutramine and NE / DA reuptake 
inhibitor, aminotine by decreasing the function of  
presynaptic adrenergic α2 autoreceptor enhanced the 
extracellular NE level in the various regions of  the rat 
brain. The chronic administration of  antidepressant 
contributes to the enhancement in the therapeutic 
effect by desensitization of  presynaptic adrenergic α2 
autoreceptors. Therapeutic effect of  the antidepressants 
was further enhanced when α2 adrenergic antagonist, 
yohimbine was co-administered with antidepressants.29

III-(b)
Presynaptic adrenergic heteroreceptors 
III –(b)(1)

Presynaptic α2 adrenergic (kappa, opioid) 
heteroreceptors
III-(b)(1).1
Rabbit Hippocampus slice preparation

The [3H] NA release evoked by electrical field 
stimulation (360 pulses / 3 Hz) was inhibited by the 
kappa receptor agonist, ethylketocyclazocine (EKC) via 
activation of  presynaptic kappa opioid (α2adrenergic) 
heteroreceptors. The [3H] NA release was enhanced in 
the presence of  α2 antagonist Yohimbine (0.1 to 1 µM) 
when α2 autoinhibitory control was antagonized. On 
the other hand, removal of  Yohimbine treatment, [3H] 
NA release was completely inhibited.28

CLASS-IV
PRESYNAPTIC SEROTONERGIC AUTORECEPTORS /
HETERORECEPTORS 
IV-(A)
Presynaptic serotonergic autoreceptors

The somato-dendritic release of  serotonin from 
raphe cells, by action on presynaptic inhibitory 5 
HT1A autoreceptors, was decreased as evidenced from 
the decrease in firing rate of  raphe cells whereas  
presynaptic 5 HT1D / 5 HT1B inhibitory autoreceptors 
at the axon terminals in fore brain, were involved in the 
modulation of  release of  5 HT. These receptors are G 
(i) PCR, which inhibited adenylyl cyclase. Additionally 
5HT1A, 5HT1B and 5HT1D activated receptor operated 
K+ channel and inhibited voltage gated Ca2+channel. 
Antimigraine effect of  5HT1D /1B agonist, Sumatriptan 

was by modulation via G (i)-AC-Ca2+ pathway, restored 
the carotid artery flow.30

IV-(a)(1)

Presynaptic serotonergic 5HT1A inhibitory 
autoreceptors
IV-(a)(1) .1
Rat dorsal raphe and median raphe nuclei in 
hippocampus

The presynaptic 5HT1A –R is a Gi/o protein coupled 
metabotropic inhibitory autoreceptor, involved in 
regulation of  5 HT neuronal activity. It is exclusively 
localized on the cell bodies and dendrites of  serotonergic 
neuron in the dorsal and median raphe nuclei in 
hippocampus. Activation of  presynaptic 5HT1A-R 
reduced 5HT release involved in pro-cognitive effects 
of  passive avoidance retention. Agent antagonizing 
5HT1A-R via 5HT7-R activation, facilitated memory 
retention. 5HT1A-R by activation via pertussis toxin 
sensitive Gi /o protein resulted into hyperpolarization, 
decreased cAMP formation, inhibited neuronal firing 
via activation of  G protein coupled inwardly rectifying 
potassium channel and inhibition of  Ca2+ channel.31

IV-(a)(1) .2
Guinea pig dorsal raphe nucleus slice preparation

5HT release measurements were performed by FSCV 
(Fast Scan Cyclic Voltammetry). 5HT1A agonist, 8OH 
DPAT [(8 hydroxy -2-di-n-propylamino) tetralin] 
produced concentration dependent inhibition of  5 
HT release evoked by repeated single 0.1 msec pulses 
of  electrical stimulation which was competitively 
antagonized by the selective 5HT1A receptor antagonist, 
+ WAY 100135 ( N-tert-butyl 3-4-(2- methoxyphenyl) 
piperazin –lyl-2-phenylpropanamide dihydrochloride) . 
The + WAY 100135 increased 5 HT release, evoked by 
train of  5 pulses at 1 Hz suggesting the existence of   
5 HT1A autoreceptor in guinea pig dorsal raphe nucleus.32

IV-(a)(2)

Presynaptic serotonergic 5HT1B inhibitory 
autoreceptors
IV-(a)(2).1
Rat hippocampal synaptosome preparation

The rotating disk electrode voltammetry on 
synaptosomal preparation was used for the determina-
tion of  regulation of  serotonin transporter (SERT) 
mediated reuptake of  5HT via 5HT1B presynaptic 
inhibitory autoreceptor. In the presence of  selective  
5 HTB antagonist SB 224289, reuptake of  5HT by SERT 
was decreased whereas, SERT activity mediated reuptake 
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of  5HT was enhanced by selective 5HT1B agonist, CP 
94253 indicating the regulatory role of  5HT1B inhibitory 
autoreceptor in SERT mediated 5HT reuptake at the rat 
hippocampal synaptosome preparation.33

IV-(a)(3)

Presynaptic serotonergic 5HT1D inhibitory 
autoreceptors

IV–(a)(3).1

Guinea pig cerebral cortex slice preparation

In the presence of  5HT1D presynaptic auto receptor 
preferring antagonists LY 367642, LY 456219 and LY 
456220, LY 310762, [3H] 5 HT release from guinea pig 
cortex slice was potentiated whereas in the presence 
of  selective 5 HT1D receptor agonist L-772405, 
inhibited [3H] 5 HT release. In microdialysis studies,  
intraperitoneal administration of  5HT1D preferring 
antagonist LY- 310762 at the concentration 10 mg 
/ kg potentiated extracellular concentration of  5 HT 
that was produced by maximal effective concentration 
of  20 mg / kg a standard selective serotonin inhibitor, 
fluoxetine. On the other hand [3H] 5 HT release, in the 
presence of  5 HT1D antagonist and 5 HT transport 
inhibitor LY-367642, was potentiated to a greater 
extent in comparison with the [3H] 5 HT release by 
standard fluoxetine indicating the existence of  5 HT1D 
as a presynaptic inhibitory autoreceptor at guinea pig 
cortical slices.34

IV-(a)(3).2

Guinea pig dorsal raphe nucleus slice preparation

The 5HT release measurements were performed 
by FSCV. 5HT1D agonist, sumatriptan produced 
concentration-dependent inhibition of  5 HT release 
evoked by repeated single 0.1 msec pulses of  electrical 
stimulation, which was competitively antagonised by the 
selective 5HT1D receptor antagonist, GR 127935. The 
GR 127935 increased 5 HT release evoked by the train 
of  5 pulses at 1 Hz suggesting the existence of  5 HT1D 
autoreceptor in guinea pig dorsal raphe nucleus.32

IV-(b)

Presynaptic serotonergic heteroreceptors

IV-(b)(1)

Presynaptic serotonergic 5HT2A heteroreceptors

IV-(b)(1).1 

Serotonergic 5HT2A (mGlu-R) heteroreceptor in 
post-partum human brain

Antipsychotic drugs with high affinity for presynaptic 
serotonergic 5HT2A heteroreceptors were used to treat 
schizophrenia. The drugs interacting with mGlu also 
have been used to treat schizophrenia. The interaction 
of  mGlu with 5 HT2A-R form a functional complex in 
brain cortex. Hallucinogenic drugs target the 5HT2A-
R-mGluR2 complex. Activation of  mGlu-R2 of  the 
complex eliminated hallucinogen specific responses. 
Studies on 5HT2A-R of  the complex in post-partum 
human brain of  untreated schizophrenic patients 
showed up-regulation of  5HT2A receptor of  the 
functional complex whereas mGlu-R2 of  the complex 
was down-regulated.35

CLASS -V
PRESYNAPTIC DOPAMINERGIC AUTORECEPTORS / 
HETERORECEPTORS 
Dopaminergic system in the brain, play a critical role 
in neuronal function of  cognition, locomotion, reward 
processing and neuroendocrine functions, primarily 
via DA heteroreceptors and secondarily via DA 
autoreceptors. The DA autoreceptors by providing 
feedback inhibition, control cell firing, synthesis, release 
and uptake of  dopamine. The DA D1 like (D1 and 
D5) are stimulatory heteroreceptors, located on non-
dopaminergic neuron whereas the DAD1 like (D2, D3 
and D4) are inhibitory heteroreceptors also located on 
non-dopaminergic neuron.36,37

V-(a)
Presynaptic dopaminergic Autoreceptors
V-(a) (1) 

Presynaptic dopaminergic (D2) inhibitory 
autoreceptors
V-(a) (1).1
Presynaptic dopaminergic D2 inhibitory 
autoreceptors

The DA autoreceptor present on dopaminergic neuron 
play an important role in regulating DA synthesis, 
release and uptake of  DA. The DA autoreceptor of  
D2 subtypes are located on the soma and dendrites of  
midbrain DA neurons in the ventral tegumental area 
(VTA), substantia nigra par compacta (SNPc) and in 
the projection area of  axon terminals. The D2S (DA 
D2 short) variant is primarily expressed presynaptically 
which is involved in controlling the DA release by 
inhibiting cAMP formation via Gi /o coupling. The DA 
D2 inhibitory autoreceptor modulate activity directly 
through the activation of  potassium conductance 
and indirectly modulate dopaminergic transmission 
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by expression of  tyrosine hydroxylase and plasma 
membrane DA transporter.38-40

V-(a)(1).2
Effects on locomotor response and operant 
conditioning in mice

The mice were examined for the locomotor activity and 
spatial reversal learning on operant conditioning. In 
comparison with wild type mice and with deficient D2 
autoreceptor i.e. Auto Drd2-KO-mice, it was revealed 
that auto Drd2-KO mice showed enhanced sensitivity to 
locomotor stimulating effect of  cocaine (10 mg/kg, I.P.) 
whereas auto Drd2-KO mice revealed slower response 
in the spatial reversal learning and cause impairment in 
sustaining a prolonged nose porking response.41

V-(a)(1).3
Autoreceptor mediated action of isoform D2L- KO 
mice

The two isoforms of  DA receptor D2S (short) and D2L 
(long) differ by 29 amino acid residues in 3rd intracellular 
loop. In D2L -KO mice, D2S receptor expression was 
up-regulated. These mice also exhibited increase in the 
consumption of  both sugar, water and ethanol which 
may be due to the imbalance in the ratio of  D2S and 
D2L. The D2L-KO mice also exhibited autoreceptor 
mediated action i.e. hyperpolarization at the DA soma 
and inhibition of  DA release at the dopaminergic 
presynaptic nerve terminal.42

V-(a)(1).4
Brain slice preparation of C57BL / 6J mice

The effect of  cocaine was evaluated on brain slices 
containing nucleus accumbens core from C57BL/6J 
mice. Cocaine by interaction between DA transporter 
and D2/ D3 autoreceptor modulate it’s effect to cause 
inhibition of  DA uptake through DA transporters 
on pre-synaptic dopaminergic nerve terminals. The 
nonselective D2/ D3 autoreceptor antagonist raclopride, 
enhanced inhibition of  DA uptake. It was shown that 
selective D3 autoreceptor antagonist, SB-277011-A, 
was responsible for Increased potency of  cocaine 
whereas selective D2 agonist sumanirole, decreased the 
inhibition of  DA uptake and selective D3 agonist, PD 
128907, was devoid of  inhibitory effect on DA uptake 
via DA transporters. Chronic administration of  D2 
agonist, quinpirole, decreased number of  dopaminergic 
axon terminals with consequent decrease in DA release, 
mediated through the inhibition of  protein kinase A. It 
was suggested that chronic administration of  D2 agonist, 
activated D2 autoreceptor that inhibited synaptogenesis 

by the translational regulation of  protein synthesis 
involved in the synapse formation.43

V-(a)(2)

Presynaptic Dopaminergic (D3) inhibitory 
autoreceptors
V-(a)(2) .1
Micro dialysis and effects on freely moving rats

Dopamine D3 presynaptic autoreceptors control 
synthesis and release of  DA in the nucleus acumens, 
olfactory tubercles, striatum and frontal cortex. It was 
shown that D3/ D2 receptor agonist (+) 7-OH DPAT 
(7-hydroxy-N, N-dipropyl-2-aminotetralin) dose-
dependently decreased synthesis of  DA. The inhibitory 
action was mimicked by highly potent D3 agonist CGS-
15855 A (-) quinpirole, quinelorane and N-0434. In 
freely moving rats, dialysate concentration of  DA was 
dose-dependently reduced by (+) 7-OH DPAT in the 
nucleus accumbens and contralateral striatum on the 
other hand, haloperidol blocked completely the action 
of  (+)-7-OH DPAT.44

V-(b)
Presynaptic dopaminergic heteroreceptors

The DA D1 like (D1 and D5) are stimulatory DA 
heteroreceptors, which via Gα(s) / olf  GTP system 
increases excitability and promotes transition to the 
upstate in NMDA receptor, increases in L-type of  
calcium channel and Na+ channel currents. On the other 
hand, DA D2 like (D2,D3 and D4) are DA inhibitory 
type of  heteroreceptors which via Gαi/o GTP system 
activate inwardly rectifying potassium channels (GIRK) 
and plays important role in regulation of  locomotion, 
cognition and motivation.36,45,46

V-(b)(1)

Presynaptic dopaminergic D1 like (nACh-R) 
stimulatory heteroreceptors
V–(b)(1).1 
Mouse cortical slice preparation

The presynaptic nACh-R having structure consisting 
of  β2 subunits that is expressed on DA nerve terminals. 
From microdialysis studies, nicotine application 
enhanced extracellular release of  DA. 
From FCV studies in cortical slice preparation, 
nicotine inhibited evoked DA release. However, 
nicotine antagonist application by nACh-R blockade of  
presynaptic dopaminergic (nACh-R) heteroreceptors 
or due to desensitization, decreased DA release 
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and subsequently facilitated DA release during high 
frequency stimulation.47,48

V-(b)(1).2
Rat striatal slice and synaptosome preparation

Presynaptic dopaminergic (nACh-R) heteroreceptors 
located on dopaminergic nerve terminal are β2 subunits 
containing nACh-R involved in the release of  DA. 
The nACh-R agonists, nicotine, anatoxin-a induced 
[3H] DA release from striatal slice and synaptosome 
preparation of  rat. In the presence of  ganglion blocker, 
mechamylamine [3H] DA release, induced by high 
concentration of  nACh-R, agonist was higher from 
cortical slice. The additional increase in [3H] DA release 
was by indirect activation of  non β2 subunits containing 
nicotinic ACh receptor.49

V–(b)(1).3
Mouse striatal slice preparation

Extracellular DA concentration was monitored using 
FSCV from mouse striatal slice containing both 
nucleus accumbens (NAc) and caudate putamen (CPu). 
Application of  mACh-R agonist Oxo-M and APET 
(Areclaidine propargyl ester tosylate) decreased DA 
release induced by low frequency stimulation (1-10 Hz,  
4 pulses) whereas DA release, was increased by 
high frequency stimulation (> 25 Hz, 4 pulses).The 
frequency dependent biphasic effect on DA release was 
based on the availability of  ACh for activation of  striatal 
presynaptic dopaminergic (nACh-R) heteroreceptors on 
dopaminergic axon.50

V-(b)(2)

Presynaptic dopaminergic (mAChR) stimulatory 
heteroreceptors
V–(b)(2) .1 
Rat striatal synaptosome preparation

Presynaptic dopaminergic (mACh) M5 muscarinic 
ACh subtype localized at SNPc is a release facilitating 
M5 muscarinic DA heteroreceptors localized on 
dopaminergic nerve terminal. Muscarine regulated 
current [I (KM)] in high extracellular K+ induced [3H] 
DA release from rat striatal synaptosome, was inhibited 
by I (KM) activator, retigabine. The [I (KM)] blocker, 
Tetraethyl ammonium (TEA), enhanced high K+ 
induced [3H] DA release.The cholinergic agonist Oxo-M 
potentiated high K+ induced [3H] DA release which was 
inhibited competitively by pirenzepine however, remain 
unaffected by retigabine and abolished by anti-KCNQ2 
antibodies.51

V-(b)(3)

Presynaptic dopaminergic (ACh-R) inhibitory 
heteroreceptors
V-(b)(3).1
Rat striatal slice preparation

From FSCV measurements in rat striatal slices, activation 
of  dopaminergic (mACh-R) heteroreceptors produced 
inhibition of  DA release. The concentration-dependent 
decrease of  DA release and it’s reversal were observed 
with ACh E inhibitor eserine. The inhibitory response 
was mimicked by cholinergic agonist (muscarine and 
nicotine) and blocked by specific cholinergic antagonists 
atropine, dihydro-β-erythroidine respectively.52

V-(b)(3).2
Striatal slice preparation in KO mice

In striatal slice preparation from M1-M5 mACh-R KO 
mice, it was shown that M3 mACh-R KO inhibited 
K+ induced [3H] DA release whereas M4 and M5 
mACh-R KO, facilitated K+ induced DA release. The 
FCV measurements in mACh-R KO mice striatal slice 
preparation showed decrease in the evoked DA release, 
whereas inhibition of  evoked DA release, caused by 
mACh-R agonist, Oxo-M was enhanced. The inhibitory 
effect of  Oxo-M may be due to higher affinity of  ACh 
for nACh-R than that of  mACh-R.53

V– (b)(4) 

Presynaptic dopaminergic (mGlu-R) inhibitory 
heteroreceptors
V-(b)(4).1 
Mouse striatal slice preparation

Dopamine release was monitored using FCV 
measurements from striatal slices. The release of  
DA was induced by DA uptake inhibitor or by high 
frequency stimulation. Glutamate spillover induced 
either by glutamate uptake blockade or high frequency 
stimulation, by inhibitory modulation depressed DA 
release via activation of  dopaminergic (mGlu-R) 
inhibitory heteroreceptors.53

V-(b)(5)

Presynaptic dopaminergic (GABAB -R) inhibitory 
heteroreceptors
V–(b)(5).1
Striatum of intact and kainic acid lesioned rats

Administration of  GABAB receptor agonist, Baclofen 
in the striatum of  intact and kainic acid lesioned 
rats decreased level of  extracellular DA whereas 
administration of  GABAB receptor antagonist’s 
phaclofen and bicuculline, elevated level of  extracellular 
DA which was completely suppressed by Tetrodotoxin 
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(TTX) indicating the presynaptic dopaminergic GABAB 
inhibitory heteroreceptors activation in the mechanism 
of  DA release.54

CLASS -VI
PRESYNAPTIC HISTAMINERGIC H3 AUTORECEPTORS 
/ HETERORECEPTOR
VI-(a)
Presynaptic histaminergic autoreceptors 
VI-(a)(1)

Presynaptic histaminergic H3 inhibitory 
autoreceptors
VI-(a) (1).1
Cerebral cortical slice preparation

In cerebral cortex slice preparation labeled with [3H] 
histidine, the high K+ induced depolarization enhanced 
[3H] histamine by about 2 fold and to a lesser extent 
in rat cerebral cortex synaptosome preparation. With 
increasing concentration of  exogenous histamine, 
the high K+ induced depolarization was decreased 
progressively which was reversed competitively by 
specific H3 antagonist’s burimamide, impromidine 
whereas it remained almost unaffected by specific H1 
and H2 antagonist mepyramine and tiotidine respectively. 
In the absence of  exogenous histamine, H3 antagonist 
enhanced high K+ induced depolarization and also 
involved in stimulation of  [3H] histamine synthesis. 
Histamine H3 is an autoreceptor that control the release 
and synthesis of  histamine at the histaminergic nerve 
terminals and perikarya.55

VI–(a)(1).2
Mouse brain cortical slice preparation

Presynaptic H3 autoreceptors coupled to Go / Gi 
protein is located on histaminergic neuron of  CNS. 
Activation of  α2autoreceptors by endogenous NE 
in mouse brain slice preparation, decreased the H3 
autoreceptors mediated effect whereas blockade of  α2 
autoreceptors, increased the H3 autoreceptors mediated 
effect. The K+ channel blocker, TEA attenuated H3 
autoreceptors mediated inhibition of  NE release. The 
effect of  TEA on H3 autoreceptors mediated inhibition 
was abolished by lowering Ca2+ concentration.56

VI-(b)
Presynaptic histaminergic heteroreceptors 
VI –(b)(1)

Presynaptic histaminergic (H3-R) (GABAB) 
inhibitory heteroreceptors

VI –(b)(1).1
Rat cerebro-cortical slice preparation

The paired whole cell patch clamp studies were 
performed on rat cerebro-cortical slice preparation to 
record unitary excitatory and inhibitory postsynaptic 
currents (uEPSCs and uIPSCs). The H3 receptor 
agonist, R-α -methyl-histamine (RAMH) reduced 
amplitude of  both uEPSCs and uIPSCs in GABArgic 
interneuron. On the other hand H3 receptor antagonists 
JNJ 5207852 dihydrochloride or thioperamide, inhibited 
RAMH induced suppression of  uEPSCs and uIPSCs 
indicating presynaptic histaminergic (GABAB-R) inter-
neuronal inhibitory heteroreceptor activation at the rat 
cerebrocortical slice preparation.57

CLASS -VII
Presynaptic Glutaminergic Autoreceptors / 
Heteroreceptors
VII-(a)
Presynaptic glutaminergic autoreceptors
VII–(a)(1) 

Presynaptic glutaminergic inhibitory 
autoreceptors

Presynaptic glutaminergic inhibitory autoreceptors by 
binding to G protein, decrease excitability in presynaptic 
terminal via activation of  K+ conductance and decrease 
calcium influx into presynaptic terminal via inhibition of  
voltage gated calcium channel . Glutamate autoreceptors 
also act directly on transmitter containing vesicles.58

VII –(a)(1).1
Hippocampal slice preparation from Wistar rats 
and C57 BL mice

Mossy fiber at CA3 pyramidal cell (mf-CA3) synapse, is 
a prominent hippocampal synapse modulated by both 
facilitatory and inhibitory glutamate autoreceptors. Two 
types of  glutamate autoreceptors, release suppressing 
metabotropic glutamate receptors (mGlu-R) and 
release facilitating kainate receptors (KARS) were 
identified at the mf-CA3 synapse, based on suppression 
and augmentation of  glutamate transmitter release. 
Mossy fibers stimulation at low frequency, suppressed 
transmitter release by the action on presynaptic mGlu-R 
which provide predominant role of  short term plasticity 
in glutaminergic autoregulation at mf-CA3 whereas 
facilitation of  transmitter release at mf-CA3, was KARS 
independent. Under similar experimental conditions, 
kainate receptors were insufficient to facilitate 
transmitter release.59
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VII –(a)(1).2
Human Hippocampal slice preparation

Metabotropic glutamate receptor (mGlu-R) by expressing 
glutamate inhibitory autoreceptors control the release 
of  excitatory neurotransmission. The mGlu-R agonist 
ACPD (1- amino cyclo-pentane-1, 3-dicarboxylic acid) 
reduced reversibly field EPSPs (f-EPSPs), whereas this 
effect of  inhibition was blocked by the mGlu antagonist, 
MCCG [2-methyl-2-(carboxy - cyclopropyl) glycine]. 
The inhibition of  f- EPSP was mimicked by DCG-IV 
[(dicarboxycyclo-propyl) glycine- IV]. In whole cell 
recordings from granule cells of  human dentate gyrus, 
miniature EPSC reduced significantly without affecting 
mean amplitude of  mEPSCs.60

VII –(a)(1).3
Mouse cortical synaptosome preparation

The mGlu 1 /mGlu 5 receptor agonist 3, 5–DHPG 
[(RS)-3, 5-Dihydroxyphenylglycine] concentration- 
dependently (0.1 -100) potentiated K+ (12 mM) induced 
release of  [3H] DASP (d-aspartate) with biphasic pattern 
of  transmitter release. The 1st phase of  potentiation was 
at 0.3 µM and after decline, 2nd phase of  potentiation was 
at 30-100 µM of  3, 5 –DHPG which was abolished by 
selective mGlu5 receptor antagonist MPEP [2 methyl-
6-(phenylethynyl) pyridine] hydrochloride. However 
remain unaffected by selective mGlu1 antagonist 
7-hydroxyimino CPCCOEt (cyclo propa (b) chromen-la 
–carboxylate-ethyl ester). The 3, 5-DHPG revealed high 
binding site for mGlu5 and low binding site of  mGlu1.61

VII-(b)
Presynaptic Glutaminergic Heteroreceptors
VII-(b)(1)

Presynaptic glutaminergic (GABA) inhibitory 
heteroreceptors
VII –(b)(1) .1
Guinea pig hippocampus slice preparation

The whole cell recording from CA1 stratum radiatum 
in the neuron was performed. Modulation of  GABA 
release by group III metabotropic glutamate or kianate 
receptors in the interneuron of  hippocampus using 
selective glutamate agonist and antagonist. The group 
III mGlu-R agonist L-AP-4, attenuated monosynaptic 
GABArgic signals in interneuron as shown by 
depression of  excitatory post synaptic currents (EPSCs) 
by activation of  glutaminergic (GABAB) inhibitory 
heteroreceptors in the interneuron but not in pyramidal 
Neuron whereas kainite enhanced frequency and 

amplitude of  spontaneous GABArgic signals in the 
interneuron of  hippocampus. 
Glutamate released from the excitatory glutaminergic 
neuron escape from synaptic cleft and activate 
preferentially presynaptic metabotropic glutaminergic 
(GABAB) heteroreceptors on adjacent interneuron, 
Inhibited GABA release by modulating inhibitory 
GABArgic neurotransmission.62

VII-(b)(2)

Presynaptic glutaminergic (nACh-R) stimulating 
heteroreceptors
VII–(b)(2) .1 
Rat hippocampus slice preparation

The intracellular recordings from Mossy fiber CA-3 
glutaminergic synapse in hippocampus of  rat revealed 
that in the presence of  TTX, presynaptic action potential 
was eliminated. On the other hand, nicotine application 
activated neuronal nicotinic heteroreceptors thereby 
enhanced frequency of  spontaneous miniature excitatory 
postsynaptic currents (sEPSCs), without affecting EPSC 
amplitude. Increasing extracellular Ca2+ concentration, 
increased the amount of  neurotransmitter released by 
nicotine stimulation.63 Nanomolar concentration of  
nicotine activated presynaptic α-7 subunit of  nACh-R, 
thereby increased presynaptic intracellular Ca2+ 
concentration.64

CLASS -VIII
PRESYNAPTIC GABA AUTORECEPTORS / 
HETERORECEPTORS 
GABA, a mono carboxylic amino acid, mediating 
inhibitory neurotransmission in central nervous system, 
exist in high concentration in the brain. The inhibitory 
actions of  GABA are through three different types of  
GABA receptors. (i) GABAA receptor is an inotropic 
ligand gated Cl- ion channel. (ii) GABAB, (ii) GABAC, 
receptor subtype is a metabotropic GPCR mediate 
inhibitory action by inhibiting adenylyl cyclase, activating 
K+ channel and reducing Ca2+ conductance whereas 
GABAC receptor subtype is a transmitter gated Cl- ion 
channel. It is less widely distributed however GABA, 
is more potent on GABAC than GABAA. GABAB is a 
presynaptic autoreceptor mediating inhibition of  GABA 
release. GABAB is a heterodimer which consists of  two 
sub-types, GABA B (1) and GABA B (2), whereas GABAB 

(1) consists of  two isoforms, GABAB (1a)and GABAB (1b).
65

VIII-(a)
Presynaptic GABArgic autoreceptor 
VIII-(a)(1) 
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Presynaptic GABArgic (GABAB) inhibitory 
autoreceptors
VIII-(a)(1).1
Cortical slice preparation in KO mice

The KO mice were generated for two subtypes of  
GABAB receptor, GABAB(1) and GABAB(2)and for two 
isoforms of  GABAB(1)i.e. GABA B (1a) and GABA B (1b). In 
cortical slice preparation from KO mice, it was revealed 
that GABAB autoreceptors located in GABArgic nerve 
terminals, inhibited GABA release. GABA agonist 
Baclofen and selective antagonist CGP55645 did not 
affect the GABA release from cortical slices from 
GABA B (1)-/- mice. The [3H] GABA released per pulse 
from cortical slices of  GABA B (1)-/- and GABA B (2)-/- 
by stimulation frequency remain unaffected indicating 
the loss of  presynaptic GABAB autoreceptor function 
in KO mice.65

VIII-(a)(1).2
Rat brain supra chiasmatic nucleus neuron 
preparation

The whole –cell patch clamp, voltage clamp and current 
clamp recordings were performed on rat brain supra 
chiasmatic nucleus (SCN) neuron preparation. GABAB 
receptor agonist Baclofen caused concentration 
dependent inhibition of  evoked IPSCs. In the presence 
of  TTX, baclofen reduced frequency of  spontaneous 
IPSC however, showed slight effect on frequency 
and amplitude of  miniature IPSCs. The P/Q calcium 
channel blocker, agatoxin IVB prominently reduced both 
calcium current and evoked IPSCs whereas pertussis 
toxin (PTX), abolished completely inhibitory effect 
of  baclofen on GABA release. It was shown that the 
prominent presynaptic inhibition of  GABA release at 
SCN neuron, may be primarily by GABAB autoreceptor 
modulation of  P/Q calcium channel at GABArgic 
axonal terminal.66

VIII-(b)
Presynaptic GABArgic heteroreceptors 
VIII –(b)(1)

Presynaptic GABArgic GABAB (Glu-R) inhibitory 
heteroreceptors
VIII-(b)(1).1
Cortical slice preparation in KO mice

The presynaptic GABArgic GABAB (Glu-R) 
heteroreceptors controlled the release of  glutamate 
from glutaminergic nerve terminals in cortical slice 
preparation. The [3H] GABA release per pulse by GABAB 
agonist, baclofen and selective GABA antagonist, 

GP55845, from KO GABAB (1a) and KO GABAB (1b) 
cortical slice preparation, remain unaffected indicating 
the absence of  GABAB autoreceptor function. The 
GABAB agonist, baclofen was ineffective in modulating 
the release of  glutamate in mouse cortical slices from 
KO GABAB (2) and KO GABA B (1a) indicating loss of  
presynaptic GABArgic heteroreceptor function. It was 
shown that GABAB (1a) and GABAB (2) heteroreceptors 
primarily involved in the regulation of  glutamate 
release.65

VIII-(b)(1) .2
Rat entorhinal cortex preparation

The spontaneous excitatory and inhibitory synaptic 
currents were recorded in the presence of  TTX using 
whole cell patch clamp recording from layers II and V 
of  wistar rat entorhinal cortex preparation to monitor 
release of  glutamate and GABA. Application of  
GABAB-R agonist decreased the release of  both GABA 
and glutamate from layers II and V. However, depression 
of  glutamate release was higher in layer II suggesting 
greater level of  presynaptic GABArgic GABAB  
(Glu-R) heteroreceptor expression. Application of  
GABAB antagonist however did not activate tonically 
GABAB autoreceptor or GABAB heteroreceptor by 
ambient GABA in the presence of  TTX.67

SUMMARY AND CONCLUSION
To summarise, presynaptic autoreceptors and 
presynaptic heteroreceptors types and subtypes of  
seven neurotransmitters acetylcholine, epinephrine  
(nor-epinephrine), serotonin (5HT), dopamine, 
histamine, glutamate and GABA classified into eight 

Figure 1: Summary chart (Presynaptic autoreceptors /  
Presynaptic heteroreceptors.
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classes on the basis of  stimulatory and inhibitory 
functions, are exemplified in the form of  summary 
chart (Figure 1) to simplify classification using smart 
art graphical design of  hierarchical relationship from 
the origin of  neurotransmitter type to it’s subtypes. 
In conclusion in the present review prominent 
neurotransmitters of  nervous system involved in 
the release mechanism via activation of  presynaptic 
autoreceptors or presynaptic heteroreceptors and their 
subtypes, identified on the basis of  in vivo or in vitro tissue 
model system are described .The functioning of  central 
and peripheral nervous system is through complex 
control of  inter or intra-neuronal communication 
via various neurotransmitters released in response to 
activation of  autoreceptors or heteroreceptors and 
hence are targets for the diseases of  nervous system 
which will provide valuable clues for the investigation 
of  leads in the search of  drug molecules targeting the 
diseases.

ACKNOWLEDGEMENT
Author gratefully acknowledge my Ph.D. guide  
Dr. B.B. Gaitonde Director of  Haffkine Institute, 
Bombay (1977-1980) and Prof. Anthony T. Tu of  
Department of  Biochemistry and Molecular Biology, 
Fort Collins Colorado State University, U.S.A. (1997-
1998) for offering Post-Doctoral Fellowship when the 
author was on sabbatical leave from Al-Ameen College 
of  Pharmacy, Bangalore. KA, India.

CONFLICT OF INTEREST
The author declares that there is no conflict of  interest.

REFERENCES
1. Starke K, Göthert M, Kilbinger H. Modulation of neurotransmitter release by 

presynaptic autoreceptors. Physiol Rev. 1989;69(3):864-989. doi: 10.1152/
physrev.1989.69.3.864, PMID 2568648.

2. Parnas H, Segel L, Dudel J, Parnas I. Autoreceptors, membrane potential 
and the regulation of transmitter release. Trends Neurosci. 2000;23(2):60-8. 
doi: 10.1016/s0166-2236(99)01498-8, PMID 10652546.

3. Vizi ES, Kiss JP. Neurochemistry and pharmacology of the major hippocampal 
transmitter systems: synaptic and nonsynaptic interactions. Hippocampus. 
1998;8(6):566-607. doi: 10.1002/(SICI)1098-1063(1998)8:6<566::AID-
HIPO2>3.0.CO;2-W, PMID 9882017.

4. Tzavara ET, Bymaster FP, Felder CC, Wade M, Gomeza J, Wess J, et al. 
Dysregulated hippocampal acetylcholine neurotransmission and impaired 
cognition in M2, M4 and M2/M4 muscarinic receptor knockout mice. Mol 
Psychiatry. 2003;8(7):673-9. doi: 10.1038/sj.mp.4001270, PMID 12874603.

5. Zhang W, Basile AS, Gomeza J, Volpicelli LA, Levey AL, Wess J. 
Characterisation of central inhibitory muscarinic acetylcholine receptor 
knockout mice. J Neurosci. 2002;22.

6. Douglas CL, Baghdoyan HA, Lydic R. Prefrontal cortex acetylcholine 
release, EEG slow waves, and spindles are modulated by M2 autoreceptors 
in C57BL/6J mouse. J Neurophysiol. 2002;87(6):2817-22. doi: 10.1152/
jn.2002.87.6.2817, PMID 12037184.

7. Baghdoyan HA, Lydic R, Fleegal MA. M2 muscarinic autoreceptors modulate 
acetylcholine release in the medial pontine reticular formation. J Pharmacol 
Exp Ther. 1998;286(3):1446-52. PMID 9732410.

8. Nadal L, Garcia N, Hurtado E, Simo A, Tomas M, Lanuza MA. et al. 
Presynaptic muscarinic acetylcholine autoreceptors (M1, M2 and M4 
subtypes), adenosine receptors (A1 and A2A) and tropomyocin related 
kinase β receptor (Trk β) modulate the developmental synapse elimination 
process at the neuromuscular junction. Mol Brain. 2016;(1);67.

9. Gomeza J, Zhang L, Kostenis E, Felder C, Bymaster F, Brodkin J, et al. 
Enhancement of D1 dopamine receptor-mediated locomotor stimulation 
in M(4) muscarinic acetylcholine receptor knockout mice. Proc Natl Acad 
Sci USA. 1999;96(18):10483-88. doi: 10.1073/pnas.96.18.10483, PMID 
10468635.

10. Jeon J, Dencker D, Wörtwein G, Woldbye DP, Cui Y, Davis AA, et al. A 
subpopulation of neuronal M4 muscarinic acetylcholine receptors plays 
a critical role in modulating dopamine-dependent behaviors. J Neurosci. 
2010;30(6):2396-405. doi: 10.1523/JNEUROSCI.3843-09.2010, PMID 
20147565.

11. Byun NE, Grannan M, Bubser M, Barry RL, Thompson A, Rosanelli J, 
et al. Antipsychotic drug-like effects of the selective M4 muscarinic 
acetylcholine receptor positive allosteric modulator VU0152100. 
Neuropsychopharmacology. 2014;39(7):1578-93. doi: 10.1038/npp.2014.2, 
PMID 24442096.

12. Marchi M, Raiteri M. Nicotinic autoreceptors mediating enhancement 
of acetylcholine release become operative in conditions of ”impaired” 
cholinergic presynaptic function. J Neurochem. 1996;67(5):1974-81. doi: 
10.1046/j.1471-4159.1996.67051974.x, PMID 8863503.

13. Marchi M, Risso F, Viola C, Cavazzani P, Raiteri M. Direct evidence that 
release-stimulating alpha7* nicotinic cholinergic receptors are localized 
on human and rat brain glutamatergic axon terminals. J Neurochem. 
2002;80(6):1071-8. doi: 10.1046/j.0022-3042.2002.00805.x, PMID 
11953457.

14. Wilkie GI, Hutson P, Sullivan JP, Wonnacott S. Pharmacological 
characterization of a nicotinic autoreceptor in rat hippocampal synaptosomes. 
Neurochem Res. 1996;21(9):1141-48. doi: 10.1007/BF02532425, PMID 
8897478.

15. Albuquerque EX, Pereira EF, Mike A, Eisenberg HM, Maelicke A,  
Alkondon M. Neuronal nicotinic receptors in synaptic functions in humans and 
rats: Physiological and clinical relevance. Behav Brain Res. 2000;113(1-2): 
131-41. doi: 10.1016/s0166-4328(00)00208-4. PMID 10942040.

16. Blagburn JM, Sattelle DB. Nicotinic acetylcholine receptors on a cholinergic 
nerve terminal in the cockroach, Periplaneta americana. J Comp Physiol A. 
1987;161(2):215-25. doi: 10.1007/BF00615242, PMID 3040972.

17. Wessler I. Acetylcholine at motor nerves: Storage, release, and presynaptic 
modulation by autoreceptors and adrenoceptors. Int Rev Neurobiol. 
1992;34:283-384. doi: 10.1016/s0074-7742(08)60100-2, PMID 1587718.

18. Apel C, Říčný J, Wagner G, Wessler I. Alpha-bungarotoxin, kappa-
bungarotoxin, alpha-cobratoxin and erabutoxin-b do not affect [3H] 
acetylcholine release from the rat isolated left hemidiaphragm. Naunyn-
schmiedeberg’s Arch Pharmacol. 1995;352(6):646-52. doi: 10.1007/
BF00171324.

19. Lapchak PA, Araujo DM, Quirion R, Collier B. Effect of chronic nicotine 
treatment on nicotinic autoreceptor function and N-[3H]methylcarbamylcholine 
binding sites in the rat brain. J Neurochem. 1989;52(2):483-91. doi: 10.1111/
j.1471-4159.1989.tb09146.x, PMID 2911027.

20. Faria M, Oliveira L, Timóteo MA, Lobo MG, Correia-De-Sá P. Blockade 
of neuronal facilitatory nicotinic receptors containing alpha 3 beta 2 
subunits contribute to tetanic fade in the rat isolated diaphragm. Synapse. 
2003;49(2):77-88. doi: 10.1002/syn.10211. PMID 12740863.

21. Bowman WC, Gibbs AL, Harvey AL, Marshall IG. Prejunctional action of 
cholinoceptor agonists and antagonists and anticholinesterase drugs. In: 
Kharkevich, editor. New neuromus-cular blocking agents, Basic and Applied 
Aspects. Berlin. Springer Verlag; 1986. p. 141-A.

22. Bowman WC, Marshall IG, Gibb AJ, Harborne AJ. Feedback control of 
transmitter release at the neuromuscular junction. Trends Pharmacol Sci. 
1988;9(1):16-20. doi: 10.1016/0165-6147(88)90236-2, PMID 2907694.

23. Gawade SP, Gaitonde BB. Isolation and characterisation of toxic components 
from the venom of the common Indian sea snake (Enhydrina schistosa). 



Gawade: Presynaptic Autoreceptors and Presynaptic Heteroreceptors

Indian Journal of Pharmaceutical Education and Research | Vol 56 | Issue 2 | Apr-Jun, 2022 345

Toxicon. 1982;20(4):797-801. doi: 10.1016/0041-0101(82)90128-3, PMID 
6291197.

24. Gawade SP, Gaitonde BB. Immunological studies on monovalent Enhydrina 
schistosa antivenin. Indian J Med Res. 1980;72:895-900. PMID 7228199.

25. Gawade SP, Gaitonde BB. Presynaptic and Postsynaptic site of action of 
Enhydrotoxin-a (EsNTx-a) isolated from the venom of Enhydrina schistosa 
(common sea snake). J Pharm Pharmacol. 1982;34:782-7.

26. Gawade SP. Comparative evaluation of mechanism of neuromuscular (n-m) 
blockade due to enhydrotoxin-A (EsNTx-a) and D-tubocurarine (d-TC). J Nat 
Toxins. 1998;7(1):95-9. PMID 9689605.

27. Trendelenburg AU, Starke K, Limberger N. Presynaptic alpha 
2A-adrenoceptors inhibit the release of endogenous dopamine in rabbit 
caudate nucleus slices. Naunyn-schmiedebergs Arch Pharmacol. 
1994;350(5):473-81. doi: 10.1007/BF00173016. PMID 7870186.

28. Trendelenburg AU, Limberger N, Starke K. The prejunctional alpha 2 
autoreceptors in pig brain cortex are 2A. J Pharmacol Exp Ther (ASPET). 
1996;278(2):462-7.

29. Invernizzi RW, Garattini S. Role of presynaptic alpha2-adrenoceptors in 
antidepressant action: Recent findings from microdialysis studies. Prog 
Neuropsychopharmacol Biol Psychiatry. 2004;28(5):819-27. doi: 10.1016/j.
pnpbp.2004.05.026, PMID 15363606.

30. Sanders-Bush Hazelwood L Ch 13; Neuropharmacology Sect. II. 
Hydroxytryptamine (serotonin) and dopamine. In:. In: Bruton LL, Chabner BA, 
Bjorn C, Knollmann, editors; Goodman and Gillman’s The pharmacological 
basis of Therapeutics. 12th ed. Vol. 5. McGraw-Hill; 2011p. p. 337-40.

31. Stiedl O, Pappa E, Konradsson-Geuken Ã, Ã–gren SO. The role of the 
serotonin receptor subtypes 5-HT1A and 5-HT7 and its interaction in 
emotional learning and memory. Front Pharmacol. 2015;6: 162 pp1-17, doi: 
10.3389/fphar.2015.00162.

32. Starkey SJ, Skingle M. 5-HT1D as well as 5-HT1A autoreceptors modulate 
5-HT release in the guinea-pig dorsal raphé nucleus. Neuropharmacology. 
1994;33(3-4):393-402. doi: 10.1016/0028-3908(94)90069-8, PMID 7984277.

33. Hagan CE, McDevitt RA, Liu Y, Furay AR, Neumaier JF. 5-HT(1B) 
autoreceptor regulation of serotonin transporter activity in synaptosomes. 
Synapse. 2012;66(12):1024-34. doi: 10.1002/syn.21608, PMID 22961814.

34. Pullar IA, Boot JR, Broadmore RJ, Eyre TA, Cooper J, Sanger GJ, et al. The 
role of the 5-HT1D receptor as a presynaptic autoreceptor in the guinea pig. 
Eur J Pharmacol. 2004;493(1-3):85-93. doi: 10.1016/j.ejphar.2004.04.029, 
PMID 15189767.

35. Gonzál ez-Maeso J, Ang RL, Yuen T, Chan P, Weisstaub NV, López-Giménez 
JF, et al. Identification of a serotonin/glutamate receptor complex implicated 
in psychosis. Nature. 2008;452(7183):93-7. doi: 10.1038/nature06612, PMID 
18297054.

36. Surmeier DJ, Shen W, Day M, Gertler T, Chan S, Tian X, et al. The role of 
dopamine in modulating the structure and function of striatal circuits. Prog 
Brain Res. 2010;183:149-67. doi: 10.1016/S0079-6123(10)83008-0, PMID 
20696319.

37. Neve KA, Seamans JK, Trantham-Davidson H. Dopamine receptor signaling. 
Journal of Receptors and Signal Transduction. 2004;24(3):165-205. doi: 
10.1081/RRS-200029981.

38. Usiello A, Baik JH, Rougé-Pont F, Picetti R, Dierich A, LeMeur M, et al. 
Distinct functions of the two isoforms of dopamine D2 receptors. Nature. 
2000;408(6809):199-203. doi: 10.1038/35041572, PMID 11089973.

39. Khan ZU, Mrzljak L, Gutierrez A, De la Calle A, Goldman-Rakic PS. 
Prominence of the dopamine D2 short isoform in dopaminergic pathways. 
Proc Natl Acad Sci USA. 1998;95(13):7731-6. doi: 10.1073/pnas.95.13.7731, 
PMID 9636219.

40. Ford CP. The role of D2-autoreceptors in regulating dopamine neuron 
activity and transmission. Neuroscience. 2014;282:13-22. doi: 10.1016/j.
neuroscience.2014.01.025, PMID 24463000.

41. Linden J, Jamio AS, McDaniel C, Jentsch JD. Dopamine D2 receptors in 
Dopaminergic neurons modulate performance in a reversal learning task in 
mice. New research disorders of the nervous system. Eur Neurol. 2018;5(1).

42. Bulwa ZB, Sharlin JA, Clark PJ, Bhattacharya TK, Kilby CN, Wang Y,  
et al. Increased consumption of ethanol and sugar water in mice lacking 
the dopamine D2 long receptor. Alcohol. 2011;45(7):631-9. doi: 10.1016/j.
alcohol.2011.06.004, PMID 21803530.

43. McGinnis MM, Siciliano CA, Jones SR. Dopamine D3 autoreceptor inhibition 
enhances cocaine potency at the dopamine transporter. J Neurochem. 
2016;138(6):821-9. doi: 10.1111/jnc.13732, PMID 27393374.

44. Gobert A, Rivet JM, Audinot V, Cistarelli L, Spedding M, Vian J, et al. 
Functional correlates of dopamine D3 receptor activation in the rat in 
vivo and their modulation by the selective antagonist, (+)-S 14297: II. 
Both D2 and “silent” D3 autoreceptors control synthesis and release in 
mesolimbic, mesocortical and nigrostriatal pathways. J Pharmacol Exp Ther. 
1995;275(2):899-913. PMID 7473181.

45. Missale C, Nash SR, Robinson SW, Jaber M, Caron MG. Dopamine 
receptors: From structure to function. Physiol Rev. 1998;78(1):189-225. doi: 
10.1152/physrev.1998.78.1.189, PMID 9457173.

46. Beaulieu JM, Gainetdinov RR. The physiology, signaling, and pharmacology 
of dopamine receptors. Pharmacol Rev. 2011;63(1):182-217. doi: 10.1124/
pr.110.002642. PMID 21303898.

47. Zhang H, Sulzer D. Regulation of striatal dopamine release by presynaptic 
auto- and heteroreceptors. Basal Ganglia. 2012;2(1):5-13. doi: 10.1016/j.
baga.2011.11.004, PMID 22712055.

48. Zhang H, Sulzer D. Glutamate spillover in the striatum depresses 
dopaminergic transmission by activating group I metabotropic 
glutamate receptors. J Neurosci. 2003;23(33):10585-92. doi: 10.1523/
JNEUROSCI.23-33-10585.2003, PMID 14627643.

49. Smolders I, De Klippel N, Sarre S, Ebinger G, Michotte Y. Tonic GABA-ergic 
modulation of striatal dopamine release studied by in vivo microdialysis 
in the freely moving rats. Eur J Pharmacol. 1995;284(1-2):83-91. doi: 
10.1016/0014-2999(95)00369-v, PMID 8549640.

50. Zhou FM, Liang Y, Dani JA. Endogenous nicotinic cholinergic activity 
regulates dopamine release in the Striatum. Nat Neurosci. 2001;4(12):1224-9. 
doi: 10.1038/nn769, PMID 11713470.

51. Zhang H, Sulzer D. Frequency-dependent modulation of dopamine release 
by nicotine. Nat Neurosci. 2004;7(6):581-2. doi: 10.1038/nn1243, PMID 
15146187.

52. Wonnacott S, Kaiser S, Mogg A, Soliakov L, Jones IW. Presynaptic nicotinic 
receptors modulating dopamine release in the rat striatum. Eur J Pharmacol. 
2000;393(1-3):51-8. doi: 10.1016/s0014-2999(00)00005-4, PMID 10770997.

53. Threlfell S, Clements MA, Khodai T, Pioneer IS, Exley R, Wess J, et al. 
Striatal muscarinic receptors promote activity dependence of dopamine 
transmission via distinct receptor subtypes on cholinergic inter-neurons in 
ventral verses dorsal striatum. J Neurosci 2010; 30: 3398-408.

54. Martire M, D’Amico M, Panza E, Miceli F, Viggiano D, Lavergata F, et a1. 
Involvement of KCNQ2 subunits in [3H]dopamine release triggered by 
depolarization and pre-synaptic muscarinic receptor activation from rat striatal 
synaptosomes. J Neurochem. 2007;102(1):179-93. doi: 10.1111/j.1471-
4159.2007.04562.x, PMID 17437547.

55. Arrang JM, Garbarg M, Schwartz JC. Autoinhibition of histamine synthesis 
mediated by presynaptic H3-receptors. Neuroscience. 1987;23(1):149-57. 
doi: 10.1016/0306-4522(87)90279-x, PMID 2446202.

56. Schlicker E, Malinowska B, Kathmann M, Göthert M. Modulation of 
neurotransmitter release via histamine H3 heteroreceptors. Fundam Clin 
Pharmacol. 1994;8(2):128-37. doi: 10.1111/j.1472-8206.1994.tb00789.x, 
PMID 8020871.

57. Takei H, Yamamoto K, Bae YC, Shirakawa T, Kobayashi M. Histamine 
H3 Heteroreceptors Suppress Glutamatergic and GABAergic Synaptic 
Transmission in the Rat Insular Cortex. Front Neural Circuits. 2017;11:85. 
doi: 10.3389/fncir.2017.00085, PMID 29170631.

58. Lovinger DM, Lambert NA. Ch 8. Glutamate autoreceptors on mammalian 
brain. In: Danviddie V, Lovenger DM, Boston B, editors. Springer Book. 
Presynaptic receptors in mammalian brain; 1993. p. 127-42.

59. Kwon HB, Castillo PE. Role of glutamate autoreceptors at hippocampal 
mossy fiber synapses. Neuron. 2008;60(6):1082-94. doi: 10.1016/j.
neuron.2008.10.045, PMID 19109913.

60. Dietrich D, Kral T, Clusmann H, Friedl M, Schramm J. Presynaptic Group 
II metabotropic glutamate Receptors reduce stimulated and spontaneous 
transmitter release in Human dentate gyrus. Neuropharmacology. 
2002;42(3):297-305. doi: 10.1016/s0028-3908(01)00193-9, PMID 11897108.

61. Musante V, Neri E, Feligioni M, Puliti A, Pedrazzi M, Conti V, et al. Presynaptic 
mGlu 1 and mGlu 5 autoreceptors facilitate glutamate exocytosis from 



Gawade: Presynaptic Autoreceptors and Presynaptic Heteroreceptors

346 Indian Journal of Pharmaceutical Education and Research | Vol 56 | Issue 2 | Apr-Jun, 2022

Cite this article: Gawade SP. Perspectives of Presynaptic Autoreceptors and Presynaptic Heteroreceptors in the 
Mechanism of Neurotransmission. Indian J of Pharmaceutical Education and Research. 2022;56(2):329-46.

Prof. Shivaji Prataprao Gawade is M.Pharm. Ph. D. (Technology) in Pharmacology, Bombay 
University from Haffkine Institute, Bombay in a specialized area of venom & toxin neuromuscular 
pharmacology and electrophysiology. He was awarded post-doctoral fellowships in India and 
Abroad at TIFR, Bombay; Pasteur Institute, France; Universitat Konstanz, W.Germany and 
Colorado State University, U.S.A. He continued academic pharmacy professional activities of 
teaching and guiding students in the number of private pharmacy institutions in Karnataka and 
Maharashtra. He has written three books one Hand book How’s & What’s of Pharmacology and 
two volumes of Text of Pharmacology for pharmacy students.  He has guided number of P.G. 
and Ph.D.students, published 45 research papers and presented papers in 14 national and 17 
international conferences.   

About Authors

mouse cortical nerve endings. Neuropharmacology. 2008;55(4):474-82. doi: 
10.1016/j.neuropharm.2008.06.056, PMID 18625255.

62. Kullmann DM, Semyanov A. Glutamatergic modulation of GABAergic 
signaling among hippocampal interneurons: Novel mechanisms 
regulating hippocampal excitability. Epilepsia. 2002;43;Suppl 5:174-8. doi: 
10.1046/j.1528-1157.43.s.5.12.x, PMID 12121316.

63. Mckay BE, Placzek AN, Dani JA. Regulation of synaptic transmission and 
plasticity by neuronal nicotinic acetylcholine receptors. Biochem Pharmacol. 
2007;74(8):1120-33. doi: 10.1016/j.bcp.2007.07.001, PMID 17689497.

64. McGehee DS, Heath MJ, Gelber S, Devay P, Role LW. Nicotine enhancement 
of fast excitatory synaptic transmission in CNS by presynaptic receptors. 
Science. 1995;269(5231):1692-6. doi: 10.1126/science.7569895, PMID 
7569895.

65. Waldmeier PC, Kaupmann K, Urwyler S. Roles of GABAB receptor subtypes 
in presynaptic auto- and heteroreceptor function regulating GABA and 

glutamate release. J Neural Transm (Vienna). 2008;115(10):1401-11. doi: 

10.1007/s00702-008-0095-7, PMID 18665320.

66. Chen G, Van den Pol AN. Presynaptic GABAB autoreceptor modulation 

of P/Q-type calcium channels and GABA release in rat suprachiasmatic 

nucleus neurons. J Neurosci. 1998;18(5):1913-22. doi: 10.1523/

JNEUROSCI.18-05-01913.1998, PMID 9465016.

67. Thompson SE, Ayman G, Woodhall GL, Jones RSG. Depression of glutamate 

and GABA release by presynaptic GABAB receptors in the entorhinal cortex 

in normal and chronically epileptic rats. Neurosignals. 2006-2007;15(4):202-

15. doi: 10.1159/000098515, PMID 17215590.


