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ABSTRACT

A substantial amount of progress has been made in the field of neurohumoral transmission, which has led to the disclosure of
precise details regarding the communication mechanisms that occur within the neurological system. This review article gives
an extensive analysis of neurohumoral transmission, focusing on the evolving concept of co-transmission and its implications
for understanding psychiatric disorders in adolescents. It first provides details on classical neurotransmitters: acetylcholine,
serotonin, dopamine, glutamate, and gamma-aminobutyric acid and their role in neuronal communication. Recent research
findings have shown that many neurons have the ability to simultaneously release one or more than one neurotransmitter,
a phenomenon termed as co-transmission and seem to add complexity to how signals are processed through the nervous
system. This phenomenon raises important implications in adolescent psychiatric disorders such as depression, anxiety,
schizophrenia, attention deficit hyperactivity disorder, and autism spectrum disorder, which inevitably worsen during this
stage of critical development. Recent findings suggest that diminished neurotransmitter co-transmission in certain regions,
such as the prefrontal cortex, might be associated with some of these impaired cognitive and emotional regulatory processes.
Understanding these complex mechanisms might provide insights into the development of effective treatments targeting
several neurotransmitter systems simultaneously-especially during adolescence, when the brain is particularly sensitive to
chemical interactions. This review integrates recent findings into a discussion on their implications for treatment strategies,
and it hints at new pharmacological interventions directed at modulating co-transmission pathways that can enhance mental
health outcomes in adolescents.
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PE3HOME

B o6nactu HerporymoparnbsHoi nepefaqn 4OCTUTHYT 3HAYMTENbHbINA NMPOTPece, YTO NPUBESIO K ONUCAHUIO HEU3BECTHbIX Ae-
Tasien NpoLECcCOB KOMMYHUKALMUMW, NPONCXOAALLNX B HEPBHOW cMCTEME. B HacToAwem 0630pe NpeacTaBeH NoLpo6GHbIN aHa-
N3 HENPOrymopasnbHoi nepeaayn, 0C060e BHUMaHME YeNeH0 Pa3BUBAKOLLENCA KOHLUENUUM KOTPAHCMIUCCUN 1 ee 3HaYe-
HWIO AN1S NOHUMAHNA NCUXUYECKNX PACCTPONCTB Y MOAPOCTKOB. [pnBOAATCA CBEAEHMSA O KITACCMYECKUX HepoMeanaTopax
(auetunixonuHe, cepoToHMHE, fO0haMUHe, ryTamare U ramMa-aM1MHOMAaCAHOM KUCNOTe), a TaKXXe 06 UX posin B HENPOHHON
KOMMYyHUMKauuu. HepasHue ncenefoBaHna nokasanu, 410 MHOTMe HENPOHbI CMOCO6HbLI OAHOBPEMEHHO BbICBOO0XAATb OANH
UM HECKOJIbKO HEepOMeANaTopoB (fBfeHne, M3BECTHOE KaK KOTPAHCMUCCUS), 4TO MOXET YCII0XKHATL 06pab0oTKy CMTHAIOB
B HEPBHOM cucTeme. KoTpaHcmuccus UMeeT 60/bLI0oe 3HAYeHUe 415 Pa3BUTUSA MCUXUYECKUX PACCTPONCTB Y NOSPOCTKOB,
TaKUX KaK LEenpeccus, TPeBOXHOCTb, WN30(PeHns, CUHAPOM SeduumnTa BHUMAHUA U TUNepakTUBHOCTM U pacCTPOMCTBa
ayTUCTNYECKOr0 CMNEKTPa, KOTOPbIE HEN3BEXHO YCYrybnaoTCa Ha JAHHOM KPUTUYECKOM 3Tane passutus. locnefHue uc-
CIIe0BaHNA NMOKA3bIBAKOT, YTO CHUXXEHWNE KOTPAHCMUCCUN HENPOTPAHCMUTTEPOB B PAAE aHATOMUYECKUX 06nacTeil, Taknx
Kak npepoHTanbHas Kopa, MOXET ObITb CBA3AHO C HEKOTOPLIMU N3 YKa3aHHbIX HAPYLIEHWA KOTHUTUBHBIX U AMOLMOHANb-
HbIX PErynATOPHbIX MPOLECCOB. [TOHMMAaHNE 3TUX CNOXHbLIX MEXaHU3MOB BYAET CNOCOOCTBOBATL Pa3paboTke PP EKTUBHBIX
METO/0B NIeYeHN:, HanpasJieHHbIX HA OAHOBPEMEHHOE BO3JeNCTBNE HA HECKOJIbKO HEipOTPAHCMUTTEPHbIX CUCTEM, 0CO6EH-
HO B NOAPOCTKOBOM BO3pPaCTe, KOr4a MO3r 0COGEHHO BOCMPUUMYUB K XUMUYECKUM BO3elicTBIUAM. B 0630pe 0606LLeHbI No-
CnefHue JaHHbIe, NPOLEMOHCTPUPOBAHO UX 3HAYEHME A8 CTPATerui neveHuns, NnpeacTaBeHbl HOBble hapmMakosiormieckune
BMELUATEeNbCTBA, HANPAB/IEHHbIE HA MOAY/IMPOBAHME NYTE KOTPAHCMUCCUN, KOTOPbIE MOTYT YNYHLWNUTL NOKa3aTenu ncmxm-
4eCcKOoro 340pP0BbSA Y NOAPOCTKOB.

KJIKOYEBDIE CJIOBA
HermporymoparnbHas nepefiada, KOTpaHCMIUCCUA, KnaccudukaLus, HePOTPAHCMUTTEPbI

Ins yuTMpoBanus

Hapsan C., Apopa C., Kymapw M., OJanaxa T., Oxankxap C., Wapma M., Panu H. HoBbIA NOBOPOT B UCTOPWMN HENPOXUMUYECKOIA
KOMMYHWKaLWN: KOTPAHCMUCCUSA. dnunencus u napokcudmanbHble coctosaHus. 2026; 18 (1): 48—61 (Ha aHrn. 23.). https:/doi.
0rg/10.17749/2077-8333/epi.par.con.2025.233.

INTRODUCTION / BBEIEHHUE

Neurotransmitter is a kind of message carrier that trans-
fer signals through the chemical junction, from one to another
neuron. It can manage many factors like the accessibility and
outlay of neurotransmitters. The liberated the standard activi-
ties The released neurotransmitter binds to receptors on the
postsynaptic cell and initiates its physiological response of
the postsynaptic cell and it bind, remove and deactivate the
neurotransmitter by enzymes or presynaptic reabsorption.
Neurotransmitter is generated, passes across the synapsis and
ultimately hooks up with the receptors of the postsynaptic neu-
rons in reply to the threshold and graded action potential [1, 2].

Due to this neurotransmitters binding, it has an inhibitory
or excitatory effect on the postsynaptic neuron. The binding
may cause either short-term or long-term modifications, such

E6CKNE BE3NKYIbI

. Dopamine /
as the so-called postsynaptic change, which is a shift in the Synaptic cleft / Cutaraseckas Luenb/',uodpawwm
membrane's potential. A compound rigid neural network form N °o —
from the neurons and from these channels impulses passes \ \— o ngMe re@tor/
out. Neurons interrelate at appoints known as synapses but \\ v,y Peuentop aodanuHa

neurons never clutch each other [2]. . Signal/Curvan -

Neurotransmitters release (Fig. 1) when an impulse comes -
to the synapses, which affects the other neurons and shares
its information through the action potential. Excitatory and in-
hibitory inputs received from the neurons. Less chance exists PucyHnox 1. HeitpoTpaHCMHUCCHS B CHHAITTUYCCKOH TIEN

Figure 1. Neurotransmission at synaptic cleft

anunencus n napokcuamanbHble COCTOSHMA https://epilepsia.su 49


https://doi.org/10.17749/2077-8333/epi.par.con.2025.233
https://doi.org/10.17749/2077-8333/epi.par.con.2025.233

2026 Tom 18 Ne 1

SAMNMNAENCUA

M NAPOKCM3MAJIbHbIE
COCTOSAHMSA

50

for the neuron to fire if both effects are merged into one and
the neuron will be more likely to fire as a result of the overall
inhibitory effect if the overall effect is excitatory [3]. The dis-
tance between the membrane potential and the threshold po-
tential is how one would define “fire.” Because the action po-
tential activates enough voltage-dependent sodium channels,
all outward currents are increased by net inward sodium cur-
rent. While inhibitory inputs guide all the neurons away from
threshold, excitatory responses lead all the neurons there. Only
neurons with membranes that have crossed the threshold will
fire during an action potential, making it an “all-or-none” event.
When the action potential is started it will grow along with the
axon it leads to the liberation of neurotransmitters at the syn-
aptic bottom. It also transfers it’s all information to the other
neuron [3, 4].

A neurotransmitter is also known as the chemical mes-
senger of the body which transfers signals sent by neurons to
muscles, other neurons, or among the many neurons. In the
synaptic cleft, impulses are exchanged between two neurons.
The electrical signals change into the chemical signals and
these rules passes along the axon [4, 5].

Independent of presynaptic action potentials, in order to re-
lease neurotransmitters in signal quanta packets, they are pur-
posefully placed in cavities. Released neurotransmitters affect
postsynaptic neurons in a micro inhibitory or micro excitatory
manner. By this process the action potential compactly boost
up. One of three proposed mechanisms may be used to recycle
neurotransmitters that have blisters surrounding active sites
[5]. Neurotransmitters mechanism is conducted in two steps:

—incomplete vesicle's opening and closure;

—membrane joining, recycling, and/or recycling into the en-
dosome after the vesicle.

The amount of calcium in the micro kingdom is a major fac-
tor in vesicular fusion which is situated near to the calcium
channels and they are allowed only for few seconds for neu-
rotransmitter release, when it returns back to normal calci-
um concentration it takes more time. The target of botulinum
toxins is a protein complex called SNARE (soluble N-ethyl-
maleimide-sensitive factor attachment receptor) that drives
exocytosis [6]. When neurotransmitters liberated, it enters
and come across receptor. lonotropic and G protein-coupled
receptors for neurotransmitters are possible. Only when ioni-
sed by a ligand can they be allowed to pass. The coordina-
tion of ion partiality is carried out by the several subunits that
make up receptors. Metabotropic receptors are G protein-cou-
pled receptors that undergo structural changes in response to
a ligand, which slow down the intracellular response. A trans-
porter often ends neurotransmitter action, though enzymatic
inactivation is sometimes plausible [7, 8].

Each neuron receives impulses from a large number of
other neurons through their attachments. These impulses are
added together at the axon hillock during summation. Only af-
ter receiving an excitatory impulse will an action potential is
produced. In contrast, if a neuron receives an equal number of
inhibitory and inhibition counteracts the stimulation and can-
cels out the excitatory impulses, bringing an end to the nerve
impulse. The likelihood, pattern, and postsynaptic receptor
sensitization of neurotransmitter release, are intimately cor-
related with action potential production [9, 10].

https://epilepsia.su

In spatial summation, impulses are combined and then they
are collected where they add up on neurons of the unlike sites,
thus that even though each impulse alone wouldn't be enough
to trigger firing, the neuron can activate when such impulses
are received simultaneously [8].

Itis possible to define temporal summation as the ability of
impulses received at the same location to combine their effects
if they are timed closely together. Therefore, even though each
impulse would not be enough to trigger activation on its own,
when multiple impulses are received, the neuron may fire [9, 11].

The chemical which behaves as neurotransmitter can be
identified on the following criteria:

— it has to be made within the neuron;

— the neuron must contain the necessary precursor en-
zymes;

— it needs to be controllable and manageable.

Presynaptic neuron should release the chemical, which
binds to receptors on the post-synaptic neuron. Numerous
bodily activities are controlled by nerves and neurotransmit-
ters [12, 13]:

— help in heartbeat and blood pressure;

— breathing;

— body muscle movements;

— retention of learning, memory;

- healing, aging and sleep;

—respond against stress;

—various body senses.

A large number of the nerve cells are present in the body.
These nerve cells are consisting of [13, 14] (Fig. 2):

—a cell body (It is crucial for the creation of neurotransmit-
ters and supports the maintenance of the nerve cell's numer-
ous functions);

— axon electrical signals (are conveyed by the axons to the
end point along the nerve cell);

—an axon terminal (it is a location where a chemical signal is
created from an electrical message using neurotransmitters to
communicate with nearby muscle, nerve, and other cell types;
it is a point where neurotransmitters are situated in a part of
the neurons; these are restored within thin-walled cavities
known as synaptic vesicles and thousands of neurotransmit-
ter molecules are presents in the cavities).

The electrical charge of a communication that is sent to
a nerve cell first enters neurotransmitter vesicles before com-
bining with the membrane of the nerve cell at the cell's edge.

Cell body / Teno knetku

Axon terminal /
TepmuHanb akcoHa

N4

Axon / AKCOH

Figure 2. Structure of neuron

PucyHoKk 2. CrpoeHue HEUPOHA
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Messages are liberated into the fluid-filled space. These fluids
filled the spaces which are known as synaptic junction. The
neurotransmitters convey the communication over lower than
forty nanometres wide. Every type of neurotransmitter attach-
es to and interacts with a specific receptor on the target cell.
Similar to an electrical pulse in a different nerve cell, the target
cell's change or action was then fixed by the neurotransmitter
following combination. Hormones are liberated from the cell
into a gland after contraction of muscle [14, 15].

On the basis of specific neurotransmitter, neurotransmitters
release in three four possible steps (Table 1):

— excitatory (excitatory neurotransmitters mean excitation
of the neuron and transmit the message; the next cell receives
the message, and so forth) — e.g. epinephrine, glutamate, epi-
nephrine, and norepinephrine [16];

—inhibitory (neurotransmitters that act as inhibitors restrict
the chemical message from being transmitted further) — e.g.
gamma-aminobutyric acid (GABA), glycine, and serotonin;

— modulatory (working of the chemical messengers con-
trolled by the modulatory neurotransmitters; they modify the
cells how to transfer the message at the synapse; these neu-
rotransmitters influence many neurons at the same time) [17].

When neurotransmitters send the message, the molecules
need to be separate and outside of the synaptic cleft. They will
convey the message in three possible ways [17, 18]:

— by the diffusion process;

— by reuptake process when they are reabsorbed and re-
cover by the nerve cell;

— by the degradation process (they cannot be identified be-
cause they break down in the synapsis with the help of en-
zymes).

MECHANISM OF ACTION
OF NEUROTRANSMISSION / MEXAHHU3M
JEVICTBUA HEUPOTPAHCMHUCCHU

Neurotransmitters or ligands are known as when the neu-
rons transfer their message to the target tissues at the junc-
tion and where they liberated their chemical substances called
neurotransmitters (ligands). Chemical substances transfer the

Table 1. Various examples of the neurotransmitters

Ta6auna 1. [TIpuMeps! Pa3IMYHBIX HEHPOTPAHCMUTTEPOB
Neurotransmitters /

Examples / lMpumepsi

HelipoTpaHcmuTTepbl
Glutamate / nytamar
Excitatory / Acetlycholine / AueTunxonuH
Bosbyxpatoume Histamine / fuctamuu
Dopamine / [JochamuH
Inhibitory / GA.BA/FAMK
Serotonine / CepoToHMH
Topmo3zswue

Dopamine / JohamuH
Oxytoxin / OkcuTOLMH

Neurohormones /

HelporopmoHsl Vasopressin / BazonpeccuH
Neuromodulators / Serotonine / CepoToHMH
Hellpomoynatopbl Dopamine / JochamuH

Note. GABA — gamma aminobutyric acid.

IIpumeuanue. I'AMK — 2amma-amunOMACAAHAA KUCTOMA.

anuencus 1 Napokcu3ManbHble COCTOSHNSA

messages that why it is known as chemical neurotransmission
and it occurs within chemical junction [19].

Each junction or synapse consists of the following parts:

— presynaptic membrane (made up of presynaptic nerve
fibres and the terminal bouton membrane);

— postsynaptic membrane (target cell membrane);

— synaptic cleft (the presynaptic gap is located between the
postsynaptic gap and the membrane [20].

— the centre of the terminal bouton of the presynaptic nerve
fibre generates and stores a large number of neurotransmitter-
containing vesicles (when an action potential depolarizes the
presynaptic membrane, calcium voltage-gated channels open;
opening of the calcium gated channels causes calcium ions to
enter the terminal bouton, where they change the state of the
presynaptic membrane's membrane proteins and cause the exo-
cytosis of the neurotransmitters in the synaptic cleft) [21, 22].

Neurotransmitters linked to postsynaptic membrane recep-
tors as they crossed the synaptic cleft. When neurotransmit-
ters interact to a receptor, open and shut postsynaptic mem-
brane ligand-gated channels. lon channels can open or close
and are also known as ligand-gated channels, which alters
how chloride, sodium, calcium, and potassium ions can pass
through the postsynaptic membrane. This activity triggers an
inhibitory or stimulatory response [23].

When a neurotransmitter induces a target cell to act and
that action occurs at an excitatory synapse, that neurotrans-
mitter is said to be an excitatory neurotransmitter. On the other
hand, neurotransmitters are known as inhibitory neurotrans-
mitters when they act in an inhibitory synapse and inhibit the
target cell. As a result, the type of neurotransmitter affects
the type of connection (or synapse) and how the target tissue
responds [24]. Excitatory neurotransmitters cause depolariza-
tion of the postsynaptic cells and the development of an action
potential. Acetylcholine (ACh) makes muscles contract more
forcefully. Target cells are hyperpolarized by inhibitory syn-
apses, which keep them far from the action potential threshold
and impair their ability to function [25, 26].

For example: GABA stops the involuntary movements. The
neurotransmitters which liberated in the synaptic cleft and
take actions in a short period of time. These may be broken
down by different enzymes like ACh esterase or recycled after
being reabsorbed into the terminal bottom of the presynaptic
neuron. ACh, norepinephrine, and epinephrine are the exam-
ples of those neurotransmitters which have short live but fast
excitatory action on the other hand the main inhibitory neu-
rotransmitter is GABA [27].

The structural alterations caused by repeated synaptic pur-
suit, such as the development of additional synapses, modi-
fications to the dendritic tree, or axon elongation, can have
long-lasting impacts on the receptor neuron. Studying repeat-
edly and incessantly increases the number of synapses in your
brain, enabling you to recall information as needed. This is the
best example of the learning process [28].

Neuro-modulators are the chemical substances that are
linked with synapse. Neuro-modulation is totally different from
the neurotransmission because they work on the synapse for
different time. Neuro-modulators are not tumble down and re-
absorb so fast by the action of enzymes. Dopamine, serotonin,
ACh, histamine, and nor-epinephrine are the examples of neu-
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rotransmitters. Neurohormones are the other related chemical
substances; formations of these are occurring in neurons after
that they are released in blood. Oxytocin and vasopressin are
the hormones liberated from the hypothalamus [29].

NEUROHUMORAL TRANSMISSION /
HEHPOT'YMOPAJIBHA A ITEPEJTAYA

Stepwise process / IIo3TanmHBIA IPOIIECC

Neurohumoral transmission suggested the nerve transfer
messages from a cross synapses to neuro-effector junction
by announcing their chemical messages. Junctional transmis-
sions were belief to be motorized because it likely to occur in
certain areas of mammalian brain (Fig. 3) [30].

Sympathetic nerves worked by the release chemicals
similar to adrenaline and the other scientists suggested that
a chemical like muscarine let out from vagus. Another sci-
entist uses the sequential implantation of two frog hearts to
provide direct evidence of humoral transfer. Both hearts are
stopped when the first heart's vagus nerves are stimulated. Va-
gal stimulation caused a substance to be released in the first
heart, which travelled to and was retained in the second heart.
ACh was characterized in 1926 (vagus stoff) after that Dale

LlentpanbHas nepsHas cuctema / Central nervous system

Somatic nervou
Comatnyeckas HepBH

ystem /
cucTema

a) Motor neuron/
MoTOpHbIe HENPOHbI
s Adrenergic
—w signals /
2 AnpeHepruyeckune

ACh / AX

-0

\‘L‘t.

Adrenal medulla /
Mo3roBoe BeLLecTBO

[»

{ ACh / AX

> Ach/AX

CUTHaNbl  NA/HA
Major/ ~ @B

= OCHOBHbIe
: Cholinergic signals /
’ XonuHepruyeckue
O ACh/AX O curHanbl - NA/HA
- Minor/ M
BtopocTteneHHble

o/

% O HaJIN04e4HNKOB
L »~
s Adrenaline in blood
stream / AgpeHanuH
B KDOBOTOKE

Autonomic nervous system / BereratuBHas HepBHas cUCTEMA

specified the parasympathomimetic. The sympathetic trans-
mitters like noradrenaline (NA) found by Von Euler. Neurohu-
moral transmitters like dopamine, peptides, 5-hydroxytrypta-
mine, glutamic acid, GABA well investigated on a day’s [31, 32].

The post-junctional neurohumoral transmitters must satisfy
the given standards:

— liberated in medium followed by nerve stimulation;

— it must be existed in the presynaptic neuron along with
enzymes;

—its implementation must bring retaliation alike, which pro-
duced by nerve stimulation.

Stages of synapse neurotransmission:

—in the initial phase, neurotransmitters are produced in the
cell body, and both axon and axon terminal;

— neurotransmitters are deposited granules or vesicles in
the second stage of the axon terminal;

— during an action potential calcium enters the axon termi-
nal, due to this neurotransmitter are released into the synap-
tic cleft [33];

—once attached to a receptor, the transmitter operates in the
postsynaptic membrane after being released,;

—the neurotransmitter can be deactivated by an enzyme, re-
turned to the terminal from whence it originated so that it can
be used again, or deactivated and eliminated [34, 35].

Nepudhepuyeckas HepsHas cuctema / Peripheral nervous system

Sceletal muscle / CKeneTHble MblILLLbI

Heart / Cepaue

Blood vessels / KpoBeHocHbIe COCyAbl

Viscera /
BHyTpeHHMe opraHbl

Eye / na3

J\

e /2
A
oY)

o

Adrenal gland / Hagno4e4Huky

Figire 3. Neurotransmission from central nervous system to peripheral nervous system.

ACh - acetylcholine; NA — noradrenaline

PucyHoOK 3. HeipOTpaHCMUCCHSA U3 IIEHTPAIBHON HEPBHOI CUCTEMBI B TEPU(PEPUIECKYIO HEPBHYIO CUCTEMY.

AX — anermnxonun; HA — HOpagpeHaaiuH
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Neurohumoral transmission steps / dTansl
HEHPOTryMOPATbHOH Nepesadu

Impulse conduction

High potassium axonal membrane penetration power, along
with high axoplasmic levels of this ion and limited sodium
permeability, combine to begin the resting trans membrane
potential and they are actively released from the neurones.
Appearance of an automatic stimulus cause a sudden rise in
sodium conductance, depolarization and repolarization may be
achieved by the breakdown of the potassium ions which moves
towards concentration gradient. During the refractory period
the distribution of the ions gets normalised by the sodium-
potassium pump being turned on. The local currents circuit
that drives the ionic channels at the following excitable end
of the membrane is established by the action potential, which
is generated without depletion. Tetrodotoxin and saxitoxin, in
particular, block the rise in sodium conductance at nerve fibres
and impulse conduction [36, 37].

Transmitter release

In synaptic vesicles, the excitatory and inhibitory transmit-
ters are reserved at prejunctional nerve endings. Nerve im-
pulse encourages the bonding of vesicular and axonal mem-
branes by calcium entries which liquefy the membrane [37].

The transmitters, enzymes and other proteins contents of
the vesicles are forced out in the end point. Numerous proteins,
including synaptobrevin, synaptotagmin, syntaxin, neurexin,
and synaptophysin, have been implicated in the fusion and
tying up of synaptic vesicles with axonal membranes, which
leads to exocytosis. By altering junctional transmission, all of
these proteins function to counteract the effects of the medi-
cation. While the bulk of neurotransmitters are transported,
retained, and released in synaptic vesicles through triggering
exocytosis [38].

Some mediators, such as endocannabinoids and prosta-
glandins, are integrated when needed and diffuse and actively
travel to their targets. The liberation steps can be regulated
by the transmitter’s their self and the regulation of the other
agents by activating the specific receptors which is estab-
lished on the pre-junctional membrane.eg. Release of NA is
stopped by prostaglandins, dopamine, adenosine, enkephalins
and while isoprenaline and angiotensin increases the release
noradrenaline. Likewise, the muscarinic agonists obstruct ACh
released in autonomic neuroeffector junction, but not having
any effect on ganglia and skeletal muscles [38-40].

POSTJUNCTIONAL MEMBRANE
TRANSMITTER / ITEPEJAYA CUTHAJIA
K IIOCTCUHAIITUYECKO MEMBPAHE

It is a site on which transmitters are attached with specific
receptors, its attachment depends upon on its nature. Both
an excitatory (EPSP) and an inhibitory (IPSP) postsynaptic
potentials are produced when it attaches (Fig. 4). EPSP: in-
crease in permeability power for cations, causing sodium or
calcium fluxes to be rapid or moderate, modifying the envi-
ronment before potassium outflow. These ions don't move
much since they flow against concentration gradients down-

anuencus 1 Napokcu3ManbHble COCTOSHNSA

ward. IPSP: increasing the anions' penetrating strength, which
causes the chloride to rise and tends to hyperpolarize the
membrane. Stabilization and hyperpolarization of the mem-
brane occur [41, 42].

Parasympathetic neuron / [IapacuMmaTu4ecKuu
HEWPOH

The key neurotransmitter ACh is speedily anatomized by
particular enzyme acetylcholinesterase which is found on the
synaptic membrane. Vasoactive intestinal peptide (VIP) is
a common co-transmitter when released scattered slowly and
degraded by the action of peptidases on different positions.
It can also perform on same as well adjacent effector [43].

Sympathetic neurone / CHMIIATHIECKUH HEHPOH

The main transmitter NA reclaim into the neurones by mem-
brane vault nor-epinephrine transporter (NET) in large amount
and then it reprocesses from which a small fraction diffuses
out. One from this co-transmitter is neuropeptide Y (NPY) [44].

GABAergic neurone / TAMKeprudecku# HEHpOH

GABA, an amino acid transmitter that is released into the
synaptic cleft, is partially taken up by the GABA transporter,
as well as by adjacent glial cells, and some of it dissipates
through the diffusion process. Potassium ions that carry pos-
itive charges become more permeable. The basal transmit-
ter release also had a trophic influence on the joint shape and
functional condition [45].

Postjunctional activity / [locTcCHHATITHYECKAS
AKTHBHOCTH

Postjunctional action potential produces by a supra thresh-
old Excitatory Postsynaptic Potential EPSP, which produces
anerve impulse, contraction, secretion in neurone, muscle and
in glands respectively. An IPSP balance the post junctional and
counter depolarized stimulus.

Termination of transmitter action /
IIpexpameHue padoThl TPAHMHUTTEPA

In Figures 2, 3, the mechanism of transmitter action degra-
dation is depicted. After fusing with the receptors, the trans-
mitter is either locally or disproportionally destroyed. For this
reason, specific carrier proteins on the axonal membrane are
visible, like serotonin transporter, NET, and dopamine trans-
porter. The pace at which transmitter action terminates is pow-
ered by the rate (1 to 1000/sec) at which replies can be trans-
ferred across a junction. Although peptide neurotransmitters
like VIP, NPY, and enkephalins are not actively reabsorbed,
amino acid transmitters like glutamate and gaba are to some
extent taken back by movement into neuronal and nearby glial
cells [44, 46]. They disperse and are exhausted by peptidases
in various locations.

Co-transmission / Korpancmuccus

Co-transmission (one neurone — one transmitter model) is
on the top abbreviation now days. More than one active sub-
stance is encouraged by Peripheral as well as central neurons.
In the Autonomic nervous system, the chief transmitters like
ACh and nor-adrenaline are the bases to detail purines (ade-
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Inhibitory transmitter /
Topmo3ssaLiuin HelpomeanaTop

Qe
S

v

CI-

K+
Hyperpolarization (IPSP) /
Tunepnonapusauus (TMCM)

Inhibition / TopmoxxeHune

Impulse conduction / MposeaeHve nvnynbca

transmitter / BosbyxgatoLuii Heipomeanarop

Release of transmitter /
BbicBO6OXAEHNE HelipoMemaTopa

Na*

Depolarization (EPSP) /
[enonsapusaums (BNCM)

!

Excitation / BosbyxneHue

Figure 4. Neurohumoral transmission (excitatory and inhibitory effects).
IPSP - inhibitory post synaptic potential; EPSP — excitatory post synaptic potential
Pucynok 4. HeriporymopainpHas nepesiada (Bo36y:K/Jai0ue U TOPMO3AIUeE 3P PEKTEL).

TTICIT — TopMO3SImNI TOCTCUHANTHYECKUH ToTeHIInAT; BIICIT — BO30YKAA10MMUHI TOCTCUHANTUYECKUI TOTEHIINAT

nosine triphosphate (ATP) / adenosine), peptides, nitric oxide
(NO) and prostaglandins as co-transmitters. In all almost auto-
nomic cholinergic neurons like VIP is corelated with ACh, while
ATP is related with couple of ACh and NA. The NO transmitter
is present at some parasympathetic sites, so it is known as ni-
trergic nerves. Vascular adrenergic nerves that have NPY are
the sources of enduring vessels narrowing [47].

The co-transmitters keep in the identical neurons but in
dissimilar positions as shown in figure below. ATP which is
set aside with non-adrenaline in the identical vesicles, after
released by the nerve incitement, the additionally, co-trans-
mitters affect the main transmitter's presynaptic break or its
postsynaptic sensitivity also the co-transmitters. The key
transmitter and the co-transmitter are reserved in separate
vesicles at the pre-junctional nerve end, even if they occa-
sionally share the same vesicle. Nerve impulses liberated from
both the transmitters together, the co-transmitters modify
acceptability of the effector for the basic transmitter or sub-
stitutes while acting on its own receptors for it. Co-transmit-
ter may also affect pre-junctional receptors, altering how the
transmitters are released. Release of the non-cholinergic non-
adrenergic, transmission have been shown in various systems
like autonomic innervation of the gut, salivary glands, urinary
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tract, vas deferens and fixed blood vessels, where nerve stim-
ulation is skilled to conjure up the specified reaction even in
residence of total adrenergic and cholinergic barricade. for in-
stance, in a biphasic contractile response, the first and sec-
ond phases are, respectively, controlled by ATP and noradren-
aline receptors, and this example is effectively illustrated by
activating the vas deferens of the Guinea pig with sympathetic
nerves. The key transmitter and the co-transmitter are usu-
ally dissimilar in their action. The co-transmitter VIP of para-
sympathetic neurons give rise to moderate or lengthy running
action while different one now has middle hence forth action
between VIP and ACh. Similar to how co-transmitters NPY
and ATP function quicker and slower than NA in sympathetic
neurons, respectively [48, 49]. As well as co-transmitters like
NO/VIP/NPY liberated in large region and can work on recep-
tors at a bit distance from the site of liberation.

Co-transmitter categorized neurons. For instance, opioid
peptides or substance P are used by striatal “GABAergic neu-
rons” as their main co-transmitter.

At the same time, minimum two neurotransmitters released
from the neurons. When inhibitory interneurons are absent, the
other functions as a co-transmitter to provide the stabilising
negative feedback required for meaningful learning. Examples
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include GABA-glycine co-release, dopamine-glutamate co-
release, acetylcholine (Ach)-glutamate co-release, ACh- VIP,
ACh-calcitonin gene-related peptide, and glutamate-dynorphin
co-release (in the hippocampal region) [50].

Both ATP and NA are sympathetic co-transmitters. Anan-
damide and WIN 55,212-2, two endocannabinoids, can al-
ter how the sympathetic nervous system reacts to stimula-
tion, which suggests that pre-junctional CB1 receptors are the
mechanism by which the sympatho-inhibitory action is con-
veyed. Cannabinoids inhibit the sympathetic neurotransmis-
sion's noradrenergic and purinergic components [51].

Excitatory neurotransmitters / Bo3oy:kaarongue
HEHPOMeTHATOPBI

A neuron's propensity to produce an action potential is in-
creased by excitatory neurotransmitters. Glutamate is the prin-
cipal excitatory neurotransmitter in the central nervous system,
while norepinephrine and epinephrine are involved in arousal
and alertness mechanisms. The major neurotransmitters along
with their general functions are summarized in Table 2. Excita-
tory neurotransmitters are divided into two categories: both
norepinephrine and epinephrine.

Inhibitory neurotransmitters / Topmo3sanuiue
HEHPOMEeTHATOPBI

Inhibitory neurotransmitters are type of neurons this affects
the neurons and decreases the likelihood of an action potential
being fired by the neuron. Serotonin and GABA are two exam-

Table 2. Neurotransmitters with structure and function

Ta6auna 2. HeitpoTpaHCMUTTEPBL: CTPYKTYPA U (DYHKLINN

ples of inhibitory neurotransmitters [52]. These neurotransmit-
ters and their functional roles are presented in Table 2.

Modulatory neurotransmitters / MogyIupyIonue
HEHPOMETHATOPBI

Neurotransmitters are affected by modulatory neurotrans-
mitters at the same time. Other chemical messengers are af-
fected by modulatory neurotransmitter. Dopamine and acetyl-
choline are examples of neurotransmitters with modulatory
functions in neural circuits.

There are at minimum 100 neurotransmitters and they can
be classified according to their chemical nature (Table 3).

Amino acid neurotransmitters /
AMHHOKHCJIOTHBIE HEHPOMETHATOPBI

Most of your nervous system's processes require these
neurotransmitters.

Glutamate

The most common excitatory neurotransmitter is glutamate.
Many sensory pathways release glutamate in their neurons,
and these routes invade the cerebral cortex and the brain and
spinal cord. Glutamate plays a part in learning and memory as
well as the regulation of the excitability of the central nervous
system as a whole. Thus, epilepsy as well as cognitive and af-
fective disorders is linked to glutamate neurotransmission. It
regulates brain activity in conditions like Alzheimer's disease,
dementia, Parkinson's disease, and seizures [53].

Neurotransmitter / HelipoTpaHcmutTep Structure / CTpykTypa Function / ®yHkuua
OH
Adrenaline / AapeHanuH \NﬁOH Fight / Peakuuns Ha onacHoCTb
H o oH
HO
Noradrenaline / HopaapeHanux Concentration / KoHueHTpawuus
HO NH,
OH
HO
Dopamine / JodamuH Pleasure / YnoBonscTeue
HO NH,
/
Serotonin / CepoToHuMH HO Mood / HactpoeHue
NH,
(0]
Gamma-aminobutyric acid / fTamma-amuHomacnsHas Kucnora N H Calming / YcnokoeHune
2 \/\)J\OH
. Q | .
Acetylcholine / AueTunxonus )J\O/\/NK Learning / 06y4eHue
(0] 0
Glutamate / Inytamat 'O)J\/\HJ\O' Memory / MamsTb
NH,
Endorphins / SHpOpUHBI - Euphoria/ 3iichopus
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Table 3. Types of neurotransmitters according to their chemical
nature

Ta6aumna 3. THITEl HEPOTPAHCMHUTTEPOB MO UX XUMUYECKOL
npupoje

Type / Tun Examples / lNpumepbi
Amino acids / GABA / TAMK
AMUHOKMNCNOTbI Glutamate / Tnytamar
Peptides / MenTigbl Oxytocin / OkcutoumH

Endorphins / SHA0p(UHBI
Epinephrine / 3nuHedpuH
Norepinephrine / HopanuHedpuH
Histamine / Tuctamun
Dopamine / JothamuH

Serotonin / CepoToHMH
Adenosine / AfeHo3uH
Adenosine triphosphate /
ApeHosuHTpudocdar

Nitric oxide / Okcup asoTa

Monoamines /
MoHoamuHbI

Purines / [MypuHbl

Gasotransmitters /

[a30TpaHCMUTTEPSI Carbon monoxide / Okcupa yrnepoaa
Acetylcholine / Acetylcholine / AueTunxonuH
ALETUIXONNH

Note. GABA — gamma aminobutyric acid.

IIpumeuanue. IAMK — 2amma-amuHOMACAAHAR KUCAOMA.

Gamma-aminobutryic acid

Neurons in the cerebral cortex, basal ganglia, spinal cord,
and many different areas of the cerebellum all produce GABA.
GABA is the strongest neurotransmitter that acts as an inhibitor.
GABA was made by glutamate. GABA, an inhibitory neurotrans-
mitter, uplifts mood and feelings. When distributed throughout
the brain, it reduces neuronal excitability throughout the entire
nervous system. Lack of GABA contributes to the emergence of
sadness, focus, sleep, convulsions, and anxiety [54].

Glycine

Glycine, an inhibitory neurotransmitter, is found in the spi-
nal cord. Glycine regulates pain transmission, metabolism and
hearing processing.

Monoamine neurotransmitters

Neurotransmitters called monoamines control conscious-
ness, cognition, attention, and emotion. Due to abnormalities
of monoamine neurotransmitters many diseases are occurred.

Serotonin (5-hydroxytryptamine)

Serotonin regulates emotion and mood. The brainstem's neu-
rons produced serotonin, which stimulates the digestive system
(enteric nervous system). Serotonin, which is found in the platelets,
was released during the process of coagulation. Serotonin plays
a key role in controlling body temperature, sleep patterns, pain per-
ception, and mood. Reduced immune system performance, a va-
riety of emotional diseases like depression, issues with impulse
control, and even suicidal thoughts may be brought on by a lack
of serotonin production. It play an important role in regulation of
mood, pain, anxiety, sleep patterns, sexuality, and appetite [54].

Histamine (excitatory neurotransmitter)

Number of functions is performed by excitatory neurotrans-
mitter in both in the peripheral nervous system (nerves that
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branch from the CNS) and the central nervous system (brain
and spinal cord). In the blood, cells of the stomach mucosa,
mast cells, and basophils are produced by neurons of the hy-
pothalamus. Histamine is most recognised for its arousal-in-
ducing properties, feeding behaviour and motivation. Hista-
mine may helps in the regulation of asthma, bronchospasm,
mucosal edema [52, 53].

Dopamine

Dopamine is created by substantia nigra neurons. Depend-
ing on the type of receptor that binds to dopamine, it can have
both an excitatory and an inhibitory impact. Dopamine inhib-
its superfluous movement, which is a key factor in movement
coordination. Dopamine increases growth hormone secretion
in the pituitary gland. It supports obtaining increased arousal,
regulating pleasure, and learning. The impacts on focus, con-
centration, memory, sleep, mood, and motivation are its most
well-known features. Parkinson's disease, bipolar disorder,
schizophrenia, attention deficit hyperactivity disorder (ADHD),
and restless legs syndrome are among the illnesses associated
with a deficiency of dopamine [51, 52].

Epinephrine

An excitatory neurotransmitter is epinephrine. The chro-
maffin cells of the adrenal gland release epinephrine. It also
goes by the name of adrenaline. It triggers the “fight-or-flight”
response in your body, which is what causes stress and panic.
When someone experiences fear or fury, epinephrine stimu-
lates a physical response. Epinephrine is released in large
quantities into the bloodstream. Epinephrine activation in-
creases blood pressure, heart rate, and the liver's ability to
release glucose (through glycogenolysis). An increase in epi-
nephrine levels is associated with high blood pressure, diabe-
tes, heart disease, and other health problems [53, 54].

Norepinephrine

Norepinephrine, is another name for noradrenaline A neu-
rotransmitter that causes excitement, it. It enters the blood-
stream after being secreted by the brainstem, hypothalamus,
and adrenal glands. The majority of postganglionic sympa-
thetic nerves produce norepinephrine, which has the most
well-known effects of raising alertness levels in the brain and
is crucial for maintaining wakefulness in the body. It stimu-
lates the body's natural activities. It is crucial for the endo-
genous epinephrine synthesis, for instance. Norepinephrine
is used to treat mood disorders like sadness and anxiety, in
which case the body's normal level of norepinephrine is ab-
normally low. Alternately, a high level of it may interfere with
the sleep cycle. Norepinephrine increases blood pressure and
heart rate. It helps in focus alertness, decision-making and
attention [44, 46].

Peptide neurotransmitters
Polymeric amino acid chains make up peptides.

Endorphins

Endorphins function as a natural analgesic. The perception
of pain is aided by endorphins. Endorphin stimulation both
lessens pain and produces "feel good" emotions. Some types
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of headaches and fibromyalgia may be caused by low endor-
phin levels [42].

Acetylcholine

In the autonomic nervous system, ACh is produced by most
neurons. It aids in controlling gastrointestinal motility, blood
pressure, and heart rate. ACh has a major impact on muscle
contraction, memory, motivation, sexual desire, sleep, and
learning. A low ACh level can lead to health problems like Al-
zheimer's, seizures, and muscle spasms.

Serotonin

Serotonin, for example, is deeply implicated in mood regu-
lation and derangements in serotonin levels have been asso-
ciated with depression and anxiety disorders for decades, and
especially among adolescents. Dopamine is another classical
neurotransmitter essential in any reward processing and mo-
tivation. The disorder that conditions interrupt dopaminergic
pathways are very close to ADHD or substance use disorders
and affect adolescent populations at a drastically high rate. Un-
derstanding the roles these neurotransmitters play provides
foundational insight into psychiatric disorders but inevitably
leads to more complex mechanisms like co-transmission. Co-
transmission is the simultaneous release of more than one
neurotransmitter from a neuron that could bind to different
receptors or subcellular compartments within the cell. It has
revolutionized synaptic communication because it is flexible
and context-dependent, far more flexible than anyone had
thought up to this point. This should be of considerable inter-
est for psychiatric disorders, especially in adolescence when
their brain and our youth are changing rapidly.

Adolescence is the stage that coincides with a very crucial
period of neural development, which is largely characterized
by maturation and refinement of synaptic connections, my-
elination, and improved maturity of the prefrontal cortex. Due
to these changes, interaction with changes in hormones in the
adolescent population makes the adolescents more vulnerable
to psychiatric conditions like depression, anxiety, schizophre-
nia, and bipolar disorder. In this regard, co-transmission mech-
anisms may play an important role in providing a better insight
into why some individuals may be at an increased risk of such
conditions during adolescence. It could relate to glutamate and
dopamine co-release in the prefrontal cortex to explain all the
cognitive and emotional dysregulation observed in schizophre-
nia and bipolar disorder, for instance. Glutamate, being the pri-
mary excitatory neurotransmitter in the brain, plays a role in
synaptic plasticity and cognitive function. Glutamate released
with dopamine may modulate emotional responses and deci-
sion making that are deficient in psychiatric disorders among
adolescents. This co-transmission pathway may thus be as-
sociated with the onset time of such conditions during adoles-
cence when the brain is developmentally immature.

In addition, serotonin and substance P is an example of
co-transmission of neurotransmitters. This co-transmission
has been studied in anxiety and stress-related disorders. Sub-
stance P is a neuropeptide that plays a role in pain sensation
and stress. Co-released with serotonin, it might modify the
response of the body to stress or inhibit emotional regula-
tion; therefore, adolescents who are under highly stressful
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academic, social, or familial pressures might be specially vul-
nerable to impairments in co-transmission and anxiety disor-
ders. This flexibility of co-transmission enables the nervous
system to fine-tune its responses to a wide range of internal
and external stimuli. In adolescents, whose neural circuits are
still maturing, it can be both beneficial and detrimental in that
this flexibility, on the one hand can be helpful, and on the oth-
er hand it becomes a double-edged sword, allowing greater
adaptability to changes occurring in the environment, which
are crucial at this transitional stage of life. On the other hand,
if these mechanisms of co-transmission are dysregulated, they
may lead to the development of psychiatric diseases. For in-
stance, the co-release of the transmitter systems GABA and
serotonin in the hippocampus, a region important in memory
and emotional processing, is assumed to play a role in pathol-
ogy of major depressive disorder. The hippocampus is known
to be particularly susceptible to reorganization and remodel-
ing during adolescence. Disruptions in GABA-serotonin co-
transmission may, therefore, make patients more susceptible
to impairments in emotional regulation, possibly to depres-
sion. Even though these specific systems of neurotransmis-
sion provide a foundation for consideration, there also exists
a more general neurodevelopmental disorder context to which
these discussions are germane during adolescence. Indeed,
mechanisms that involve co-transmission might play a role
in two other such disorders: autism spectrum disorder (ASD)
and ADHD. For example, such co-release abnormalities of do-
pamine and ACh in the striatum might therefore contribute to
characteristic behavioral and attentional challenges of ADHD.

A region implicated in many disturbances of ADHD is the
striatum, which plays a critical role in motor regulation and
reward processing. Co-transmission within this region may
therefore change how adolescents with ADHD handle reward
processing and make decisions that underlie impulsivity and
inattention. Imbalance in excitatory vs inhibitory neurotrans-
mission as it relates to ASD although the pathophysiology un-
derlying ASD is not known, hypothesized disturbances in both
excitatory and inhibitory neurotransmission have been consid-
ered such an underlying mechanism. The disturbance could
be in co-transmission of GABA and glutamate in the prefron-
tal cortex and other brain regions that are implicated in social
cognition for individuals with ASD. Such an imbalance can ex-
plain difficulties with social communication and the presence
of repetitive behaviors characteristic of the disorder. It would
probably be a difficult period for most adolescents with ASD,
as changes in the brain enhance these imbalances in co-trans-
mission at the overall level.

Even though the classical model of neurotransmission pro-
vided much answer to psychiatric disorders, co-transmission
could be better needed for understanding the neural process-
es in action. Perhaps, by accepting that even one neuron can
stimulate the release of multiple neurotransmitters at the same
time, there is a greater appreciation for the complexity of neu-
ral signaling and its behavior-related implications. This hap-
pens during a very crucial time in life: the adolescent years,
when many develop from strong periods of change in both
their neural structures and psychology. Perhaps it is through
co-transmission mechanisms that some psychiatric condi-
tions have become so prominent in the adolescent years, and

https://epilepsia.su

57



2026 Tom 18 Ne 1

SAMNMNAENCUA

M NAPOKCM3MAJIbHbIE
COCTOSAHMSA

58

perhaps it is through these mechanisms that they may be
dealt with more effectively. For example, pharmacological
treatments targeting pathways of co-transmission may open
new avenues for treating psychiatric conditions in young in-
dividuals.

Drugs modifying the co-release of serotonin and dopa-
mine may thus offer more precise treatments for mood disor-
ders such as depression and bipolar disorder. Also, therapies
aimed at the glutamate-GABA co-transmission imbalance may
find their application in the effective treatment of schizophre-
nia and ASD, holding possible hope for adolescents suffering
from these devastating conditions. There has been a spate
of research lately on co-released neurotransmitters, such as
glutamate and dopamine, which have an important role to play
especially in those parts of the brain that are subject to criti-
cal development during adolescence, like the prefrontal cor-
tex and the striatum. The prefrontal cortex is one of the very
busy parts of the brain involved in decision making, emotional
regulation, and the inhibition of impulses. It is hugely matur-
ing during adolescence.

D. Eskenazi et al. (2021) in a study on co-transmission in
the same region, suggest that changes in glutamate and dopa-
mine co-release may be a direct contributor to cognitive-emo-
tional dysregulation, which is observed in some conditions:
schizophrenia and bipolar disorder [55]. This, therefore, as
a general observation, translates to a concept where such al-
terations in co-transmission during such a phase of life lead to
psychiatric symptoms in adolescents. The results of this study
have deep implications in the understanding of the develop-
ment path of psychiatric conditions. Schizophrenia has tradi-
tionally been thought of in terms of aberrant dopamine trans-
mission, and yet recent evidence indicates that glutamatergic
dysfunction also plays an equally crucial role in its pathology.
This co-release of neurotransmitters could explain the contra-
dictory nature of symptoms of schizophrenia: positive symp-
toms include hallucinations and delusions, whereas negative
symptoms include cognitive deficits and emotional flatness.
Thus, adolescents who present with early markers of schizo-
phrenia may experience disturbances in co-transmission pro-
cesses that impact both cognition and emotions. The new lines
of treatments emerging today come under pharmacological in-
terventions meant to correct disturbances in both glutamate
and dopamine imbalances, suggesting that their therapeutic
options might be much better for adolescents at risk. Further-
more, co-transmission that is mediated by serotonin as well
as substance P has been implicated in modulation of mood as
well as anxiety, particularly during periods of stress.

A. Markiewicz-Gospodarek et al. (2022) attempted to ex-
amine the engagement of serotonin and neuropeptide co-re-
lease in models of animals and found out that impairments of
this system may enhance anxiety responses, especially at pu-
berty, when levels of stress increase with both environmental
and developmental events [56]. This supports the suggestion
that psychopathology, such as generalized anxiety disorder
or PTSD, arising from stress could be due to an imbalance in
these systems' co-transmission. Clinically, this suggests that
therapies impacting both serotonin and neuropeptide systems
could have better efficacy in the management of anxiety disor-
ders in adolescents. With regard to ADHD, further understand-
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ing has also occurred concerning its relationship with mecha-
nisms of co-transmission. Recently, a study was published on
ADHD that listened in on how the co-release of dopamine and
ACh in the striatum in humans with ADHD resulted in a dis-
rupted system; it explained how the imbalance of neurotrans-
mitter systems involving adolescents with ADHD explained
why, for instance, they typically cannot pay attention, be mo-
tivated, or exert impulse control. This discovery may suggest
that drugs modifying dopamine pathways-the most commonly
used drugs currently, including psychostimulants-had not re-
solved the underlying pathology but only partially relieved it.

Perhaps, a more subtle treatment approach that includes
ACh transmission could further enhance outcomes for such
patients. Another critical focus of research is ASD. This is
achieved through the modulation of excitatory (glutamate) ver-
sus inhibitory (GABA) neurotransmission by co-transmission
in the brain regions involved in social cognition, among them
the prefrontal cortex and amygdala. V. Hollestein et al. (2023)
posited that disturbances in co-transmission in these areas of
the brain might be part of the disorders present in adolescent
ASD individuals characterized by social and communicative
impairments [57]. This research holds crucial implications,
because it points out that the treatments aimed at rebalancing
excitatory to inhibitory neurotransmission are likely uniquely
beneficial in core ASD symptoms.

The interventions regarding pathways of co-transmission
for adolescents with ASD may thus offer an even more target-
ed approach to therapy than traditional behavioral treatments
provide [55-57].

Despite such exciting advances, challenges in translating
such findings into clinical practice are enormous and critical.
One challenge is the system itself — the co-transmission sys-
tems are so complex. Researchers are only now starting to
put together how glutamate, dopamine, serotonin, and other
such neurotransmitters talk to each other in the brain. These
systems are highly context-dependent and could have widely
different effects based on the brain region, receptor type, and
even genetic or developmental variations across individuals.
It is this variation that leaves it challenging to have one treat-
ment, which fits all adolescents with the rapidly changing
brains. Another limitation in many of the findings of disruption
in co-transmission is that very few of them have led to par-
ticular pharmacological treatments used for the adolescents.
Most of the medications such as selective serotonin reuptake
inhibitors or dopamine agonists still remain as targets singular
neurotransmitter systems and do not address the complexity
of co-transmission.

This thus calls for the need for future research into develop-
ing multi-target drugs that can modulate multiple neurotrans-
mitter systems at once, thereby leading to a more holistic
approach in treatment. There also is an ethical dimension to
consider, particularly when treating adolescents: their brains
are still developing, so there could be longterm positive and
negative effects of altering neurotransmitter systems phar-
macologically. Of course, longitudinal studies will be needed
to evaluate the impact of targeting pathways during co-trans-
mission through adolescence, ensuring not only that the symp-
toms go away, but healthy neural development ensues in the
long term [34, 35].
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CONCLUSION / 3AK/IIOYEHHE

In this, we talked about the classification of neurohumoral
transmission. Although there are different types of neurons
present in our nervous system, we are only talking about the
essential ones like ACh and dopamine. We also know what hap-
pens in neurohumoral transmission and how we receive mes-
sages impulsively. Once released, a neurotransmitter enters the
synapse and encounters receptors. Neurotransmitter receptors
can either be ionotropic or g protein coupled. lonotropic recep-

tors allow for ions to pass through when agonized by a ligand.
The main model involves a receptor composed of multiple sub-
units that allow for coordination of ion preference. G protein
coupled receptors, also called metabotropic receptors, when
bound to by a ligand undergo conformational changes yielding
in intracellular response. As the autonomic nervous system is
a visceral efferent system, it can send motor impulses to the
visceral organs. This nervous system consists of innervated
smooth muscles, cardiac muscles, and glands that work auto-
matically and constantly without conscious effort.
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