
Neurotrophic factors, a group of large polypeptides

(up to 200 amino acids) organized in single- and double-

stranded forms, play a key role in developing and maintain-

ing structures of both the central and the peripheral nervous

systems. They are involved in regulation of growth, devel-

opment, differentiation, and survival of cell populations as

well as their adaptation to environmental influences [1-4].

At least eight families of neurotrophic factors are

now differentiated, although different authors provide

varying classifications [5, 6].

The first neurotrophic factor, nerve growth factor

(NGF), was discovered in the early 1950s [7], and the

brain-derived neurotrophic factor (BDNF) was found 30

years later [8]. The discovery of BDNF caused keen inter-

est and attracted attention to all neurotrophic factors.

Interest in BDNF was linked to, as it soon became clear, its

remarkable property of stimulating growth of neurons,

axons and dendrites, synapse formation, and other process-

es of neuroplasticity not only in early ontogeny, but also in

the brain of adult organisms [9, 10], which was previously

thought to be impossible. Now BDNF is one of the best-

studied neurotrophic factors of the central nervous system.

Neurotrophic factors from different families share

common characteristics, but special attention is drawn to

those that affect the functioning of the neurotransmitter

systems of the brain. BDNF is closely linked with the

serotonergic (5-HT) system of the brain, and the glial cell

line-derived neurotrophic factor (GDNF) demonstrates

a marked protective effect on the nigrostriatal and

mesolimbic dopamine (DA) system of the brain and is

considered dopaminergic [11].

The question on which we concentrate the attention

of this review is how mediator-specific are the properties
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Abstract—Neurotrophic factors play a key role in development, differentiation, synaptogenesis, and survival of neurons in

the brain as well as in the process of their adaptation to external influences. The serotonergic (5-HT) system is another major

factor in the development and neuroplasticity of the brain. In the present review, the results of our own research as well as

data provided in the corresponding literature on the interaction of brain-derived neurotrophic factor (BDNF) and glial cell

line-derived neurotrophic factor (GDNF) with the 5-HT-system of the brain are considered. Attention is given to compar-

ison of BDNF and GDNF, the latter belonging to a different family of neurotrophic factors and being mainly considered as

a dopaminergic system controller. Data cited in this review show that: (i) BDNF and GDNF interact with the 5-HT-sys-

tem of the brain through feedback mechanisms engaged in autoregulation of the complex involving 5-HT-system and neu-

rotrophic factors; (ii) GDNF, as well as BDNF, stimulates the growth of 5-HT neurons and affects the expression of key

genes of the brain 5-HT-system – those coding tryptophan hydroxylase-2 and 5-HT1A and 5-HT2A receptors. In turn, 5-HT

affects the expression of genes that control BDNF and GDNF in brain structures; (iii) the difference between BDNF and

GDNF is manifested in different levels and relative distribution of expression of these factors in brain structures (BDNF

expression is highest in hippocampus and cortex, GDNF expression in the striatum), in varying reaction of 5-HT2A recep-

tors on BDNF and GDNF administration, and in different effects on certain types of behavior.
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of the neurotrophic factors of different families. This

question is primarily addressed to the 5-HT-system,

which is evolutionarily the most ancient and expansive

neurotransmitter system. A great number of studies have

established the participation of 5-HT in the regulation of

various forms of behavior: sleep and wakefulness, aggres-

sive behavior, sexual motivation [12], and neuroen-

docrine regulation, including the regulation of the hypo-

thalamo–pituitary–adrenal system [13] being the main

system responding to stress. 5-HT is involved in the

mechanism of action of all currently used groups of anti-

depressants (inhibitors of the 5-HT reuptake, tricyclic

antidepressants, monoamine oxidase inhibitors), and

depression and suicide are associated with insufficiency

of the functional activity of the 5-HT-system [14, 15].

5-HT and BDNF are the main players in the mech-

anisms of neurogenesis and neuroplasticity [4]. There is

much less data on the relation between 5-HT and GDNF.

The two neurotrophic factors belong to different families:

BDNF to the family of neurotrophins, GDNF to the

family of transforming growth factors β (TGFβ). In this

review, we analyze and compare data on features of these

neurotrophic factors and their interaction with the 5-HT-

system of the brain.

BRAIN-DERIVED NEUROTROPHIC

FACTOR (BDNF)

BDNF is the dominant factor (compared to other

neurotrophic factors) in the brain. This holds true not

only to the variety of brain structures, but also to the

BDNF expression level. According to our data [16, 17],

BDNF expression in the brain structures of rats is much

higher than that of GDNF. According to current estima-

tions, the human BDNF gene is located in the p14 region

of chromosome 11 (in rats and mice these are chromo-

somes 3q33 and 2qE3, respectively) and contains 12

exons, nine of which have specific promoters (I-VIII 5′

exons spliced to the common 3′ IX exon). This gene

structure is observed both in humans [18] and in rodents

[19], but the number of exons varies (9 in mice and 10 in

rats). Transcripts of template RNA as well as BDNF pro-

tein are widely present in the neocortex, hippocampus,

amygdala, and cerebellum [20].

BDNF is notable by structural and functional com-

plexity, which is based on (i) the presence of several pro-

moters in the encoding gene; (ii) expression of a multi-

tude of transcripts subjected to alternative splicing or hav-

ing various patterns of polyadenylation; (iii) several iso-

forms of the precursor, but only one form of a mature

molecule; (iv) existence of two different receptors (TrkB

and p75), whose activation causes opposite effects. All

these features determine the complexity of the molecular

mechanism regulating BDNF production and functional

activity [21].

The complex regulation of BDNF transcription

involves epigenetic factors. Promoters I, II, and IV of the

human BDNF gene and I, II, IV-VI, and IX of the BDNF

rodent gene are saturated by CpG islands (CG-rich

regions of DNA) that makes them targets for methyla-

tion/demethylation processes [21]. There is numerous

evidence for the participation of Bdnf gene methylation in

the regulation of normal neuron activity and in patholog-

ical processes [22]. Histone deacetylation significantly

contributes to the epigenetic control of BDNF expres-

sion. Histones H3 and H4 in promoters I and IV are most

frequently subjected to modifications. Such phenomenon

can be critical for the implementation of neuroplastic

processes and effects of antidepressants and mood stabi-

lizers [22]. It was recently found that Bdnf expression can

also be regulated by anti-bdnf transcripts (miRNAs) [21].

BDNF transcription in neurons is positively regulat-

ed by membrane depolarization induced by sensory stim-

uli, as well as NMDA activation of glutamate receptors.

The presence of multiple promoters and alternative splic-

ing gives rise to at least 17 transcripts (in humans) with

different 5′- and 3′-untranslated regions (UTR).

However, they all have a common coding region that

includes exon IX, which in turn contains the complete

sequence of a precursor molecule – proBDNF. Further-

more, this exon contains two polyadenylation sites pro-

ducing transcripts with long or short 3′-UTR [18]. This is

of great functional significance, since mRNA with the

long 3′-UTR is predominantly located in dendritic spines

[23], and it is transmitted in response to the activation of

neurons. On the contrary, mRNA with the short 3′-UTR

is actively transmitted into neuronal bodies to maintain

the basal level of BDNF protein [24].

BDNF is made “on demand” in response to neu-

ronal activity from the protein precursor pre-proBDNF,

which is cleaved to proBDNF in the Golgi apparatus

[20]. In the brain, there are three possible outcomes for

proBDNF: (i) secrete and function in the form of

proBDNF; (ii) be subjected to editing in the Golgi com-

plex and secreted as a mature BDNF molecule; (iii)

secreted in the form of proBDNF and be converted to

BDNF in the synaptic space [25].

Effects of mature BDNF are realized through activa-

tion of two types of receptors – tropomyosin-related

kinase B receptor (TrkB) and the nonspecific p75 receptor.

However, expression of the TrkB receptor is much higher,

TrkB/p75 ratio in most brain structures being 8-10 [26].

This determines the prevailing role of the TrkB receptor

that initiates a cascade of phosphorylation, which in turn

leads to protein synthesis, axonal growth, and maturation

of dendrites increasing synaptic plasticity [20]. In contrast

to BDNF, proBDNF binds to the p75 receptor common

for neurotrophins and inhibits neurite growth, reduces the

size of neurons, and triggers apoptosis [27-29].

The ratio of the mature BDNF form and its prede-

cessor proBDNF is of interest. Opposing functions of
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BDNF and its proBDNF predecessor give reason to con-

sider the ratio of BDNF/proBDNF (some researchers

use proBDNF/BDNF, which with the significant pre-

dominance of BDNF in the brain is less convenient) to be

the most important autoregulatory mechanism of synap-

tic plasticity, and its decrease caused by the increase in

predecessor or a decrease in the BDNF level to be one of

the pathogenetic factors of neuropathologies and psy-

chopathologies. Detailed information on BDNF and

proBDNF functions and analysis of their role in the

mechanisms of synaptic plasticity are presented in a

review of Borodinova and Salozhin [29]. However, the use

of the ratio as an informatively important indicator of

brain neuroplasticity is complicated by the fact that

changes in the expression of BDNF as well as proBDNF

are structure-specific, and in different brain structures

may change in the opposite way. Thus, we found marked

differences between genetically predisposed to high levels

of aggression rats and “tame” rats in BDNF expression,

proBDNF, and BDNF/proBDNF ratio. However, in this

case in the frontal cortex of aggressive rats the proBDNF

level is lower compared with non-aggressive rats, but

higher in the hippocampus. Accordingly, the ratio of

BDNF/proBDNF in the frontal cortex of highly aggres-

sive rats is high and in the hippocampus, it is low [16].

BDNF expression is sensitive to such influences as

stress, trauma, hypoglycemia, ischemia, and brain dam-

age. Many pharmacological agents targeted at various

neurotransmitter systems are also modulators of BDNF

expression [30]. It is believed that violation of genetic and

epigenetic control of metabolism, transport, or transfer of

BDNF signal contributes to the development of many

neurological and psychiatric disorders, including

Alzheimer’s disease [31-33], Huntington’s disease [34-

36], Parkinson’s disease [37], neuropathic pain [38, 39],

schizophrenia [40, 41], severe depressive disorders [42,

43], and addiction [44, 45].

BDNF and the 5-HT brain system. The close rela-

tionship of two main factors (BDNF and 5-HT) in the

development and neuroplasticity of the brain has been

shown in numerous studies, and it is practically assured.

Distinct effect of BDNF on the 5-HT-system has been

identified in experiments not only in cell cultures, but

also in vivo. On the raphe nuclei cell culture of a 14-day-

old rat embryo, it has been found that 18-h exposure to

BDNF was sufficient to nearly double the number of 5-

HT neurons and axonal growth [46]. This striking effect

was combined with an increase in the expression of the

genes encoding the 5-HT transporter (SERT) and 5-HT1A

and 5-HT1B receptors, and it was carried through TrkB

BDNF receptors being prevented by tyrosine kinase

blocker – genistein.

The effect of BDNF on the brain 5-HT-system is

confirmed in experiments in vivo. Chronic administration

of BDNF locally into the main cluster of cell bodies of 5-

HT neurons – dorsal raphe nuclei – altered the electro-

physiological activity of 5-HT neurons [47]. BDNF

administered into the midbrain or intraventricularly

increased the level of 5-HT and its major metabolite 5-

hydroxyindole acetic acid in all five studied brain struc-

tures [48]. The same authors noticed increased level of

DA, but it was local and limited to the striatum. BDNF

demonstrated protective effect when 5-HT neurons were

damaged by neurotoxin, primarily by increasing the num-

ber of 5-HT axons [49]. Significant long-lasting increase

in expression of a key gene of 5-HT synthesis in brain,

tryptophan hydroxylase-2 (tph-2), and the genes encod-

ing 5-HT1A and 5-HT2A receptors was observed after a

single central injection of BDNF [50]. These changes

were observed in predisposed to depression mice of the

ASC (Antidepressants Sensitive Cataleptics) line, but not

in related mice of the “non-depressive” CBA line. Such

changes suggest a significant role of the genotype in

BDNF effects.

Unusually long duration of drug action is character-

istic of BDNF (as well as of GDNF). In earlier-cited

studies, the decrease of the 5-HT-system genes expres-

sion was found 21 days after a single injection of BDNF

into the lateral ventricle of the brain. We previously estab-

lished the preservation of BDNF positive effect (restora-

tion of reduced prepulse-inhibition of the startle reflex in

DBA/2 mice) 1.5 months after its single central adminis-

tration [51]. This unique feature of the effect of neu-

rotrophic factors supports the idea of morphological

changes in the synaptic connections and neurogenesis

that they cause.

Evidence for the effect of BDNF on the 5-HT-sys-

tem of the brain was also obtained in animals with genet-

ic knockout of bdnf. Since both mice and rats with com-

plete knockout of the BDNF gene (BDNF –/–) are not

viable, experiments were conducted on BDNF +/– het-

erozygotes. Significant changes in the level of 5-HT in

brain structures of young mice were not reported, but

two-fold decreased expression of BDNF led to significant

abnormalities in the 5-HT brain system, which were

manifested in decreased sensitivity to a 5-HT reuptake

inhibitor, early extinction of its functional activity, and

increase in aggressiveness. It was concluded that endoge-

nous BDNF is crucial for normal development and func-

tioning of the 5-HT-system of the brain [52]. This con-

clusion was confirmed by other researchers. Reduced

BDNF level in BDNF +/– mice leads to a decrease in

SERT and 5-HT1A receptor functional activity in the hip-

pocampus and expressed deficiency of 5-HT2A receptors

in the prefrontal cortex and dorsal raphe nuclei of the

midbrain [4].

A special role in the mechanism of BDNF action on

the 5-HT-system is played by 5-HT2A receptors. This type

of 5-HT receptor is involved in the mechanism of action

of antipsychotic drugs and hallucinogens. A 7-day expo-

sure to BDNF on hippocampal cell culture lowered the

level of 5-HT2A receptor, but not that of 5-HT1A receptor.
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At the same time, the level of 5-HT2A receptors increased

in heterozygous BDNF +/– mice [53].

Conditional bdnf knockout allowed “turning off” the

BDNF gene after birth; inhibiting BDNF expression dur-

ing the two weeks of postnatal development demonstrated

that BDNF deficiency in the postnatal period leads to

increased aggressiveness [54] and to disruption of expres-

sion and density of 5-HT2A receptors as well as 5-HT2A

receptor-mediated neurotransmission [55, 56].

In turn, numerous data indicate that not only BDNF

has impact on the 5-HT-system of the brain, but 5-HT is

also implicated into regulation of BDNF. The main

approaches used to determine the effect of 5-HT on

BDNF were the following: (i) pharmacological analysis

applying selective agonists and antagonists of 5-HT

receptors, or 5-HT itself, and (ii) genetic models with

modified characteristics of 5-HT-system knockouts in

which one of the key elements of the 5-HT-system (usu-

ally SERT) is completely or partially turned off.

It was found that 5-HT increases gene expression

and BDNF protein levels in cultures of embryonic cells of

raphe nuclei [57]. Pharmacological analysis using ago-

nists and antagonists of 5-HT2A and 5-HT2C receptors

indicated the modulating participation of 5-HT2A recep-

tors in the regulation of Bdnf gene expression [58]. It is

noteworthy that an agonist of 5-HT2A receptors in differ-

ent ways affected BDNF mRNA in different brain struc-

tures: the mRNA level of this gene decreased in the hip-

pocampus, but increased in the neocortex.

Participation of 5-HT in the regulation of BDNF

was also demonstrated in mice and rats with knockout of

the gene encoding the SERT. It was found that the

absence of SERT in knockout animals affected not only

the 5-HT level and metabolism in the brain, but also

BDNF. Expression of BDNF in the hippocampus and the

prefrontal cortex of SERT–/– rats is lowered [59]. Already

in early ontogeny, mutant SERT–/– rats were different

from control animals by decreased BDNF expression and

reduced level of its transcription factor [60]. Later, it was

found out that chronic stress caused by maternal separa-

tion of pups had similar effect on BDNF. SERT–/–

knockout and stress decreased expression of BDNF in the

ventral hippocampus and the ventromedial prefrontal

cortex, although stress caused increased BDNF expres-

sion in the dorsal hippocampus and dorsomedial cortex of

SERT+/– heterozygous rats [61].

Interestingly, deviations in 5-HT-system functioning

were elicited in 5-week-old and 5-month-old highly

aggressive mice of the ABH line. They manifested them-

selves through reduction of 5-HT metabolism and imbal-

ance in the density of 5-HT1A and 5-HT2A receptors [62],

while the level of BDNF protein in the hippocampus,

cortex, and striatum of ABH mice was much higher than

that of non-aggressive mice of the ABG line [63]. It is dif-

ficult to say what is primary and what is secondary.

However, the role of brain 5-HT as an important regula-

tor of aggressive behavior is of no doubt [64]. Moreover,

selection based on aggressive behavior is associated with

profound changes in the 5-HT-system of the brain [65,

66]. All of this suggests that lowering 5-HT metabolism

and changes in the density of 5-HT1A receptors increased

the level of BDNF.

GLIAL CELL LINE-DERIVED

NEUROTROPHIC FACTOR (GDNF)

GDNF was originally isolated from glioma cell cul-

ture, and it was predominantly found in astrocytes, being

the major producer of cells. It should be noted that signif-

icant importance is recently attributed to astrocyte

pathology in causing degenerative processes in the central

nervous system [67, 68]. The trophic effect of GDNF on

cultures of DA neurons [11] was immediately shown, and

currently GDNF is recognized as a necessary factor for

the development, maintenance, and protection of the

nigrostriatal DA neurons, being a potential factor that

protects and restores DA neurons affected in Parkinson’s

disease [69, 70]. Alongside three other structurally relat-

ed factors – neurturin, artemin, and persephin – GDNF

forms a family of neurotrophic factors, being a part of the

TGFβ superfamily [71]. Members of the GDNF family

transmit signals through extracellular receptors

(GFRα1–4), each of which is selective for the respective

family member. GDNF displays highest affinity for

GFRα1. The receptor complex GDNF–GFRα1 binds to

the extracellular domain of the receptor tyrosine kinase

modulating various intracellular signaling cascades [72].

In addition, GDNF may communicate directly with neu-

ral cellular adhesion molecules (NCAM) with subsequent

activation of Src-like kinases and MAP kinases.

GDNF has a biologically active pro-form

(proGDNF), which is expressed in most parts of the brain

and is found in astrocytes as well as in DA neurons [73].

Besides GDNF, peptides formed by proGDNF cleavage,

known as DNSP-11 (in humans) and BEP (in rats), also

have biological activity. BEP enhances synaptic excitation

in the hippocampal pyramidal neurons [74], and DNSP-

11 as effectively protects DA neurons as the mature

GDNF form [75].

The distribution of GDNF and its receptor is not

restricted to the area of midbrain DA neurons. GDNF

receptors, as well as its transcripts and protein, were

detected in many structures of the brain, indicating that

GDNF may have multiple functions [76]. Among them is

participation in synaptogenesis in the hippocampus,

where GDNF and GFRα1 play an instructive role in

synapse formation to induce ectopic presynaptic sites

[77]. It is worth mentioning that GDNF improves spatial

learning in ASC mice predisposed to depressive-like

behavior [78]. It was found two weeks after a single

administration of GDNF into the lateral ventricle of the
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brain and may be related to synaptic remodeling that

occurs under the control of GDNF. Several studies have

reported that GDNF/GFRα1 signaling may be impor-

tant in the development and functioning of the various

types of GABAergic neurons in the mammalian brain

[70]. GDNF is involved in maintaining cell elements in

the blood–brain barrier [79-81]. ProGDNF increased

expression after the administration of bacterial

lipopolysaccharide [73], and GDNF increased formation

by astrocytes and microglial cells observed in inflamma-

tion indicate that GDNF is an activator of microglia and

an inhibitor of neuronal inflammation [76, 82].

Due to the variety of its functions, GDNF, on one

hand, is involved in many physiological processes, and,

on the other hand, in the pathogenesis of a variety of neu-

rological and psychiatric disorders. GDNF is known for

being involved in the mechanisms of aging [73],

Parkinson’s, Alzheimer’s, and Huntington’s diseases,

amyotrophic lateral sclerosis [83], epilepsy [70], and sev-

eral neuropsychiatric disorders such as bipolar disorder

[43] and unipolar depression [84].

Various factors affect GDNF expression. One is

chronic stress. It is well known that prolonged exposure to

stress is a risk factor for the development of mental disor-

ders, including depression. Rats exposed to chronic

unpredictable stress exhibit depressive-like behavior, and

at the same time demonstrate a significant decrease in

GDNF expression in the hippocampus [85]. Effects of

chronic but very mild stress on mice of the stress-sensitive

BALB/c line include significantly reduced GDNF

expression in the hippocampus and striatum [86]. “Stress

hormones” glucocorticoids can suppress GDNF expres-

sion and secretion [87-89], causing epigenetic effects in a

variety of ways [90]. Thus, chronic but very mild stress

increases DNA methylation linked with the modification

of histones resulting in Gdnf transcription repression and

formation of a mouse phenotype more susceptible to

depression [86]. MicroRNA can change the neuronal

response to GDNF through suppression of GFRα1a

receptor (an isoform-specific form of the GFRA1 gene) as

found in the basolateral amygdala of subjects suffering

from depression [91]. A low-calorie diet, exercise, and

environmental enrichment are also inducers of GDNF

expression [75].

GDNF and the 5-HT-system. Data on GDNF and

the 5-HT brain system interaction are scarce, but they are

sufficient to suggest a close interaction of these systems.

First, the effect of GDNF on the 5-HT-system of the

brain has been verified in vitro experiments. In cell cul-

ture, GDNF increased the size of cell bodies and the

number and length of 5-HT neuron axons [92]. A single

central administration of GDNF reduced anxiety and

manifestation of cataleptic immobility in predisposed to

catalepsy and depression-like behavior mice of the ASC

line. However, it increased signs of depression and stereo-

typic behavior [93].  These behavioral changes were con-

cordant with a significant change in the expression of key

genes of the 5-HT-system. Expression in the midbrain of

the gene encoding the enzyme TPH-2 limiting synthesis

of 5-HT in the brain increased. GDNF increased the

expression of the gene encoding 5-HT2A receptors in the

frontal cortex, but decreased it in the hippocampus [94,

95]. In turn, it was shown that in cell culture of rat C6

glioma, 5-HT (in dose- and time-dependent manner)

increases GDNF expression and secretion, acting pre-

dominantly via 5-HT2A receptors [96]. This effect was

achieved through transactivation via 5-HT2A receptors of

fibroblast growth factor receptors [97]. At the same time,

excess concentration of 5-HT decreases GDNF expres-

sion, thereby weakening mesencephalic neuronal differ-

entiation [98].

Indirect evidence for a close connection between

GDNF and the 5-HT-system is its ability to respond to

the use of antidepressants, such as selective serotonin

reuptake inhibitors (SSRIs). Several studies have shown

that GDNF expression and secretion increase after a sin-

gle or chronic administration of reuptake inhibitors in

both cell cultures [99-101] and the serum of patients with

depression after a course of antidepressant therapy [102].

These data demonstrate the existence of interactions

in the GDNF–5-HT system, which is probably carried

out with the participation of 5-HT2A receptors.

Discovery of neurotrophic brain factors has opened a

new chapter in the understanding of neurogenesis and

synaptic plasticity mechanisms. It also once again showed

how complex regulatory systems of the brain are and how

simplified current knowledge of the mechanisms of these

regulations is. However, the paradigm of reductionism

has significantly advanced understanding of brain func-

tioning and highlighted reference points in the interac-

tion of neurotransmitters and neurotrophic factors in the

regulation of normal and pathological behavior.

The existence of a number of neurotrophic factors in

the brain raises several issues. (i) How different are their

functions – are they mostly doubles or possess individual

features? (ii) What are their relations with the brain neu-

rotransmitters, especially with 5-HT system as another

regulator of neuroplasticity? The comparison of features

of the “oldest” and the most studied BDNF with the data

on GDNF, which is structurally different from BDNF

and belongs to another family of neurotrophic factors,

makes it possible to answer some of these questions.

BDNF has the highest expression and most apparent

wide range of physiological effects. Accumulated evi-

dence suggests close ties of BDNF and the 5-HT-system

of the brain. It is important that this is 5-HT–BDNF

interaction because not only BDNF is necessary for nor-

mal development and functioning of the 5-HT-systems,

but brain 5-HT also affects BDNF.

GDNF, which is considered to be predominantly a

regulator of the DA system, also interacts with brain
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Interaction of neurotrophic factors and the 5-HT-system in the brain. VTA, ventral tegmental area; TPH-2, tryptophan hydroxylase-2; 5-

HIAA, 5-hydroxyindoleacetic acid
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of 5-HT-receptors probably leads to increase
in BDNF expression

1. GDNF central administration has increased TPH-2
mRNA level

2. When GDNF was administered centrally,
the expression of 5-HT2A receptors increased
in frontal cortex, but decreased in hippocampus

3. GDNF increased size of cell bodies and number
and length of axons of 5-HT neurons in cell culture

1. 5-HT increases expression and secretion
of GDNF in cell culture

2. All known classes of antidepressants increase
the expression and secretion of GDNF

3. Excess of 5-HT concentration decreases
the expression of GDNF, thus weakening
differentiation of mesencephalic neurons
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5-HT. As well as BDNF, it stimulates the growth of 5-HT

brain neurons and affects the expression of key genes of

the 5-HT-system of the brain, i.e. genes coding TPH-2

and 5-HT1A and 5-HT2A receptors. 5-HT2A receptors play

an important role in the interaction mechanisms of these

neurotrophic factors with the 5-HT-system. BDNF as

well as GDNF effects depend on the genotype.

BDNF and GDNF are involved in the regulation of

certain forms of behavior, including pathological behav-

iors. The basis of their impact is twofold. First, it is the

ability to stimulate neurogenesis and restore functional

activity that decreased during neurodegenerative pathol-

ogy. Second, it is the interaction with the brain 5-HT-sys-

tem – the regulator of the wide spectrum of normal and

abnormal types of behavior.

The ability to stimulate neurons and synaptogenesis

explains the unusually long-lasting BDNF and GDNF

effects. We have found preservation of positive action of

BDNF for 1.5 months after its single central administra-

tion [50]. This feature of BDNF and GDNF effects is

unique among other pharmacological drugs.

However, differences have been detected. They man-

ifested at different levels and in the structural distribution

of expression of these factors in the brain: BDNF expres-

sion is much higher than that for GDNF. BDNF highest

level was observed in the hippocampus and cerebral cor-

tex, and GDNF expression – in the dopaminergic struc-

ture, the striatum.

The relative role of BDNF and GDNF in the regu-

lation of the two neurotransmitter systems, 5-HT and

DA, is also different. It is obvious that 5-HT is a priority

for BDNF, while the DA brain system is more influenced

by GDNF (figure). BDNF administration reduced gene

expression of 5-HT2A receptors in the frontal cortex,

increased it in the hippocampus, and increased function-

al activity of 5-HT2A receptors. In contrast, GDNF

increased the expression of 5-HT2A receptors in the

frontal cortex, decreased it in the hippocampus, and had

no effect on their functional activity [50, 94, 95].

Regional specificity of the BDNF and GDNF effects

in the brain is apparently connected with the peculiarities

of the microenvironment of different brain structures that

affect the functioning of 5-HT neurons. Such peculiari-

ties may be different density of 5-HT receptors, dimeriza-

tion intensity, ratio, and interaction between various types

of 5-HT receptors or with other types of receptors [103].

Regarding GDNF, an important factor is high hetero-

geneity of astrocytes. Astrocytes of different brain regions

vary considerably in their biochemical characteristics,

which undoubtedly affect their functioning, reactions,

and role in different neuropathologies [104].

It is important that between the 5-HT-system and

neurotrophic factors BDNF and GDNF there is a feed-

back mechanism, apparently autoregulating neurotrans-

mitter–neurotrophic complexes: 5-HT–BDNF–5-HT

and 5-HT–GDNF–5-HT. Different response of various

structures 5-HT to the introduction of both BDNF and

GDNF does not provide clear information about positive

or negative feedback mechanisms in the interaction of

these systems. However, this complex functional relation-

ship is undoubtedly a factor of neuroplasticity and is a

potential target for drugs that modulate the activity of

neurotrophic brain factors.
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