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ARTICLE INFO abstract

Bioprinting technologies and cell technologies are being developed to correct and / or restore 
the activity of various functional systems of the body. The paper focuses on the effective restoration 
of the functional unity of the nervous system and the whole body after injury. At the same time, the 
newly formed construction of reparation elements is radically different from the natural structures of 
the nervous tissue. The article draws attention to the unresolved methodological issues of bioprinting 
and cellular technologies, the main purpose of which is the most effective and correct recovery of 
damaged brain functions.

Abbreviations: Cl¯: Chloride Ion; GABA: Gamma-Aminobutyric Acid; MSCs: Mesenchimal Stem Cells; 
SCs: Stem Cells

Introduction
That sad-strict spirit then did not dissemble - The one who 

called himself the morning star - When uttered he: “Fear not the 
highest’s bar, - Just eat forbidden fruit, and you’ll the gods resemble” 
(N.Gumilev). The depressing statistical information about the high 
mortality of patients with brain diseases and the lack of effectiveness 
of classical therapies is an incentive to develop new methods of 
prevention, therapy and rehabilitation of patients in neurology and 
neurosurgery [1,2]. The authors of the article focused on cellular 
technologies [3-6] as additional recovery measures in the early 
stages of the development and progression of brain diseases. In 
contrast to the popular systemic injections of stem cells (SCs), 
which are distributed via bloodstream throughout the body [3-6], 
emphasis is placed on the perineural migration of mesenchymal 
stem cells (MSCs) along the cranial nerves to the destruction site [7-
12]. This tactic of targeted somatotopic distribution of autologous 
MSCs in those damaged areas of the brain, in which reparative 
processes are supposed to be activated, is aimed at improving the 
efficiency of classical therapy for patients with strokes and brain 
injuries [7,9,10,12]. It is noteworthy that the bioprinting technology 
pursues a similar goal when it is planned to implant a bioprinting  

 
substrate, including neural networks, into the damaged brain area 
[13].
Neural Tissue Reconstruction using Bioprinting and Cell 
Technologies 

When cellular technologies are used, MSCs begin to activate 
reparative processes in the damaged area of the brain with the 
help of various signaling molecules. The basis for the activation 
of reparative processes are endogenous SCs, which, under the 
influence of signaling molecules from MSCs, begin to move from 
the periventricular spaces, olfactory bulbs and the hippocampus 
to the damaged areas of the brain. Externally introduced MSCs 
and endogenous SCs together activate immunosuppressive 
processes, which are accompanied by a weakening of immune 
responses during the development of destructive processes in the 
brain [1-6]. Neurotrophic factors that are secreted from MSCs and 
endogenous SCs, weaken the processes of neuronal degeneration 
and activate reparative processes [1-6]. In the case of spheroids and 
other elements of bioprinting, SCs, which are contained in these 
substrates, also begin to activate endogenous reparative processes. 
However, comparing effectiveness of restoration processes when 
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applying these two technologies, a number of differences draw 
attention. 

In the bioprinting substrate there is no network of blood vessels 
and full-fledged elements of the intercellular matrix. It takes time 
for these biological components to appear in the damaged area of 
the brain. So, when using cellular technologies and a bioprinting 
substrate, the question of the phased restoration of the necessary 
elements of the mesoderm in the damaged areas of the brain 
remains unresolved. In particular, we are talking about microglia, 
the functional role of which lies not only in the manifestation of 
immunocompetent properties, but also in activating the growth 
of processes of neurons and other processes. Another unresolved 
issue of these two promising technologies is the restoration of the 
balance of neurotransmitters in a destroyed part of the brain. For 
example, let’s pay attention to two key neurotransmitters - Gamma-
aminobutyric acid (GABA) and glutamate, the receptors for which 
are contained on the membrane 40% of brain neurons [14]. GABA 
and glutamate are interconnected in a chain of neurochemical 
reactions. 

Specifically, GABA is formed as a result of glutamate 
decarboxylation and controls the formation of neurite synapses 
and the migration of neurons from the periventricular zone to the 
cortical regions [14]. There is another important nuance. At the 
early stages of ontogenesis, GABA is known to be an excitatory 
neurotransmitter [14], since it controls the release of an increased 
amount of intracellular chloride ion (Cl¯) from the cytoplasm of 
neurons to the outside [14]. This pattern is observed in a wide range 
of brain structures and animal species, which indicates its origin 
and preservation throughout evolution. Consequently, at the stages 
of formation of new neural networks using SCs or using bioprinting 
technologies, it is advisable to take into account that immature 
neurons with a high level of Cl¯ and the natural stimulating effect of 
GABA are able to show increased convulsive activity characteristic 
of pathological conditions. But this activity of GABAergic neurons is 
typical of the immature brain [14]. Therefore, it is logical to develop 
cellular technologies and bioprinting techniques simultaneously in 
space and time, applying 4D, 5D, 6D innovations for harmonious 
interaction of neural network cells with each other, taking into 
account afferent and efferent electrical signals, as well as various 
signaling molecules.

Conclusion
The state of recovery of nervous tissue functions after a 

neurodestructive process is to some extent associated with an early 
period of ontogenesis, when newly formed neurons containing GABA 
are not inhibitory, but stimulating. It is clear that such problematic 
issues are associated in damaged areas of the brain with both the 
reparative capabilities of cellular technologies and the adequate 
implantation of bioprinting substrates. Another common problem 
for these two technologies is the complexity of the formation of the 
interaction of newly formed neural networks in the area of brain 

destruction with the surrounding neural networks. In addition to 
the neurotrophic factors in both cases, the necessary conditions for 
the formation of not only a single neuronal network, but also the 
inclusion of the local microvascular network in the intracerebral 
network of blood vessels, the unification of the extracellular matrix 
in the destructive brain regions with the surrounding biological 
tissues, harmonious interaction of newly formed synaptic contacts. 

For example, the absence of such interaction at the level of a 
synapse that secretes glutamate can, without recapturing glutamate 
by glial elements, lead to the overstimulation of the postsynaptic 
membrane and the death of a nerve cell. Paradoxically, at the initial 
stages of the formation of neural networks, similar neuronal cell 
death develops when the presynaptic GABA membrane is over-
excited and not glutamate, which naturally ends with the death 
of nerve cells [14]. Thus, the efficiency of functioning of neural 
networks recreated using bioprinting technologies and/or cellular 
technologies depends on the consolidation of the ability of nerve 
cells to interact not only at the neuronal level, but also at the level 
of macro- and microglia, the intercellular matrix, the network blood 
vessels, cerebrospinal fluid, neurotrophic factors and a complex of 
intra-and extracellular signaling molecules [15,16].
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