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Abstract: Regenerative medicine (RM) exploits the innate potential of the human body to effectively repair and
regenerate damaged tissues and organs with the help of various biomaterials. Tissue engineering (TE) makes it
possible to replace damaged tissues and organs with new ones. Research in the field of biomaterials has signifi-
cantly improved the area of RM and TE. Biomaterials are used as orthopedic, dental, cardiovascular implants,
medical devices, in the fields of reconstructive and regenerative medicine, among others. Important precondi-
tions for the biomaterial to be used for implantation are its biocompatibility and biofunctionality. Biomaterials
should enable adhesion, migration, proliferation and differentiation of cells. The biological properties of bioma-
terials are a reflection of their physicochemical properties, such as internal architecture, surface characteristics
and charge. Biomaterials used in tissue regeneration should mimic the natural structure of the extracellular matrix
and represent a physiological microenvironment for normal cellular functions. These biomaterials should also
have adequate biodegradability properties to facilitate the formation and growth of new tissue. Biomaterials for
use in RM can be of natural or synthetic origin, polymers by structural properties, ceramic and composite type,
and based on bioreactivity they can be bioinert or bioactive. In RM and TE, polymers of different classes, natural
and synthetic, are used, which can be made as intelligent materials. The structure of hydrogels in the form of a
porous network represents a good matrix for cell activity. Ceramic biomaterials based on hydroxyapatite (HAp)
are selected for use in RM and TE, especially solid tissues. Properties, such as composition, particle size, material
shape, porosity, surface charge, topography, etc., are relevant for the proper use of HAp materials. The properties
of HAp allow modification of its structure, surface, particle size design at the micro and nano level, hybridization
with polymers, metals, etc. which is very important for its applications. Designed micro-nanohybrid HAp struc-
ture is most similar to the bone structure, making the cell environment closest to natural. Bone tissue engineering
(BTE) is based on the combined use of cells, osteostimulating (osteoinductive) factors and biomaterials as a
scaffolds and carriers for bone regeneration and defects repair. In BTE adipose-derived mesenchymal stem cells
(ADSCs) are often used that are induced in vitro towards osteogenic cells or endothelial cells, and freshly isolated
stromal vascular fraction can also be used. Blood components (PRP, blood plasma or blood clot) can be included
in the composition of the BTE construct as a source of osteoinductive factors. /n vitro models and methods were
used to examine the biocompatibility, immunomodulatory and regenerative potential of biomaterials, as well as
their influence on cellular functions. After in vitro methods, and before clinical studies, various in vivo animal
models are used to examine the regenerative potential of biomaterials, such as subcutaneous implantations and
bone defects in tibia, femur and calvaria in experimental animals (mouse, rat, rabbit).
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properties, Biomaerials classification, Material bioactivity, Hydrogels, Hydroxyapatite, Adipose-derived mesen-
chymal stem cells, Macrophages, /n vitro methods, /n vivo animal models.

Contemporary Materials, XIV-1 (2023) 1



Stevo Najman, Sanja Stojanovi¢, Jelena Zivkovi¢, Jelena Najdanovig,

Milena Radenkovi¢, Perica Vasiljevi¢, Nenad Ignjatovic¢

pages: 1-18

1. INTRODUCTION

Regenerative medicine (RM) is an interdisci-
plinary field of medical research and clinical practice
that deals with therapies and techniques to repair, re-
place or regenerate damaged or diseased tissues and
organs in the body. It utilizes a variety of strategies,
including tissue engineering, and components like
stem cells, growth factors or gene therapy to exploit
the innate potential of the body for healing processes
and tissue repair and regeneration. Techniques used
in RM often involve biomaterials, which provide the
microenvironmental conditions, a scaffold, or a guide
for the growth of new tissue. Regenerative medicine
research offers a promising approach for treating
many diseases and injuries, including heart disease,
diabetes, neurological disorders, degenerative joint
conditions, skeletal injuries, among others [1].

Tissue engineering (TE) is a field of biomedi-
cal engineering that combines engineering principles
with biology for the replacement, repair, or regener-
ation of damaged tissues or organs. TE techniques
involve the use of cells, biomaterials, and growth
factors to create functional tissues which serve to re-
place diseased or damaged tissue. Typical procedures
and steps that are included totally or partially in tis-
sue engineering are: scaffold preparation, cell isola-
tion and expansion, cell seeding onto the scaffold,
growth factor stimulation and cell differentiation
(tissue maturation), as well as implantation. These
procedures have been used so far to create many tis-
sues and organs such as skin, bones, cartilage, liver,
heart and others with the ultimate goal of obtaining
functional tissues or organs that can be transplanted
into patients to treat disease or injury [2,3].

2. BIOMATERIALS

Nowadays, biomaterials have a wide range of
applications in various fields of medicine and den-
tistry, including orthopedics, oral and maxillofacial
surgery, cardiovascular surgery, reconstructive and
regenerative medicine, tissue engineering and oth-
ers. They are used as orthopedic, dental, and other
type of implants, cardiovascular and other medical
devices, scaffolds for tissue regeneration and repair,
and drug delivery systems, among other things [4,5].
Research in the field of biomaterials has greatly im-
proved the development and application of regener-
ative medicine approaches and tissue engineering.

With advances in biomaterials research, there is a
growing potential for the development of new and
innovative therapies and treatment strategies for a
range of medical conditions, as well as diseases and
injuries that were previously difficult to treat. It also
enables the development of personalized medicine,
as biomaterials and their products are created so that
they can be adapted to the specific needs of the a pa-
tient [4,5].

2.1. Properties of biomaterials as prerequisite
and requirement to be used in regenera-
tive medicine and tissue engineering

Important preconditions for the biomaterial
to be used in regenerative medicine and tissue en-
gineering are its biocompatibility and biofunctional-
ity. Biomaterial is considered biocompatible if it is
non-toxic and allows the body to function without
complications or unwanted side effects and to gen-
erate the most appropriate beneficial response of
cells and tissues [6]. Biocompatibility is an essen-
tial precondition for any biomaterial to be used for
implantation in the body. Biocompatibility refers to
the ability of a material to interact with living tissue
or biological systems without causing any harmful
effects, an adverse response, or rejection. Biocom-
patibility ensures that the implantable biomaterial
does not cause a negative immune response of the
body, toxic effects, or other complications that could
threaten the safety and effectiveness of the implant
[7]. The biocompatibility of a biomaterial depends
on a variety of factors, including its physicochemical
characteristics, surface properties, degradation rate,
immunogenicity, and bioactivity [6].

Biofunctionality as an essential prerequisite
for biomaterials to be used for implantation refers to
the biomaterial’s ability to perform a specific biolog-
ical function, such as promoting tissue regeneration,
guiding tissue growth, preventing infection, promot-
ing cell adhesion, or delivering therapeutic agents.
Biofunctionality is important to ensure that the bio-
material can interact with surrounding tissues and
facilitate the desired biological response. The bioma-
terial biofunctionality is determined by a variety of
factors, including its physicochemical characteriza-
tion, biocompatibility, biodegradability, and charac-
teristics of its interaction with biological systems [8].

The ability to enable cell adhesion, migration,
proliferation, and differentiation is a key requirement
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for many biomaterials used in regenerative medicine
and tissue engineering. These processes are critical for
the growth and repair of tissues, and biomaterials that
can facilitate or enhance these processes can be useful
in a variety of biomedical applications [9]. Adhesion
is the process by which cells attach to a surface or sub-
strate, and it is essential for the formation of tissues and
organs. Surface properties such as surface chemistry,
surface roughness, and surface charge can affect the
ability of cells to adhere to the material surface [10].
Cell migrations are important for the integration of the
biomaterial with the surrounding tissue. The pore size,
porosity, and mechanical properties of the biomateri-
al can influence cell migration [11]. Biomaterials that
promote cell proliferation and differentiation can help
to accelerate the growth of new tissue and promote the
repair of damaged tissue. Cell proliferation and differ-
entiation, also, depend on physicochemical character-
istics of biomaterial [9,12].

2.2. Physicochemical properties of biomaterials

The behavior of biomaterials in biological
systems, namely its biological properties, is critical-
ly determined by their physicochemical properties,
such as chemical composition, degradation proper-
ties (biodegradability), surface properties, internal
architecture, and mechanical properties [13].

Chemical composition

The chemical composition of biomaterials may
have a significant impact on its biocompatibility, deg-
radation rate, as well as on mechanical, surface and
other properties, and thus on its application. Biomate-
rial’s molecular weight, as a chemical characteristic,
can affect its other properties, such as solubility, vis-
cosity and mechanical strength, so for example, high
molecular weight polymers are often used in implant-
able devices due to their superior mechanical prop-
erties [14]. Crystallinity can affect the physical and
mechanical properties of biomaterials, such as densi-
ty, transparency and hardness. Many materials can be
prepared in such a way that a mixture of crystalline
and amorphous regions is obtained [15,16].

Biodegradability properties

Biodegradability is an important property of
some biomaterials and refers to the ability of bio-
materials to break down over time through natural
processes in the body and to be absorbed. Biomateri-

als should have adequate biodegradability properties
to facilitate the formation and growth of new tissue.
The degradation of the biomaterial should be slow
enough to ensure that the scaffold is present for an
adequate period of time to support the growth of new
tissue. If biomaterial degrades too quickly it may not
provide sufficient support for tissue regeneration,
while a biomaterial that degrades too slowly may
induce a foreign body response and interfere with
tissue regeneration [17,18]. The use of biodegrad-
able polymers such as polylactic acid or polyglycolic
acid can reduce the risk of long-term foreign body
response and improve tissue integration [19].

The rate and mechanism of degradation can
affect its biocompatibility and long-term efficacy,
and these are influenced by factors such as chemical
composition, cross-linking, molecular weight, struc-
ture and surface properties. Biodegradable polymers,
such as polylactic acid (PLA) and polyglycolic acid
(PGA), can be designed to have specific degradation
rates by adjusting the molecular weight [20]. These
polymers can also be used as a drug delivery sys-
tems where controlled release can be accomplished
by adjusting the content of the active substance [21].
In addition, incorporation of other materials, such as
ceramics or bioglass, can improve the mechanical
properties of the scaffold and modify its biodegrad-
ability, as well as a tissue response to the biomaterial,
stimulating the release of growth factors or other sig-
naling molecules that promote cell proliferation and
differentiation [22].

Degradation of biomaterials can result in the
release of degradation products that can affect the
biocompatibility. Biomaterial degradation products
should be non-toxic and easily removed from the body
in order to avoid any harmful effects on the surround-
ing tissues [23]. The toxicity and inflammatory poten-
tial of these products depend on the chemical compo-
sition and biomaterials’ degradation rate [24,25].

Surface properties

Surface properties are important for biomate-
rial interaction with biological systems, because they
have direct contact with host cells, tissues and body
fluids. Biomaterials’ surfaces have different charac-
teristics such as wettability - hydrophobicity (sur-
face energy), surface textures - roughness (smooth/
rough), surface chemistry - chemical composition,
functional groups, topographic factors and surface
charge. These properties play an important role in
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determining biomaterial biocompatibility and func-
tionality, as they can influence cell behavior - adhe-
sion, migration, proliferation and differentiation, as
well as its ability to resist healing and stimulate tis-
sue growth and the body’s immune response.

The chemical properties of the biomaterials’
surface, such as chemical composition, functional
groups, charge, polarity and hydrophobicity, can in-
fluence its interactions with biomolecules and cells,
affecting cell behavior [26]. Surface energy and hy-
drophobicity (wettability) of biomaterials can affect
protein adsorption, which in turn can affect cell ad-
hesion, migration and differentiation. For example,
a material with a hydrophilic surface can promote
cell adhesion and proliferation, while a material with
a hydrophobic surface can inhibit cell growth [27].
Regarding the surface texture, a biomaterial with a
rough surface can provide a better substrate for cell
adhesion than a smooth surface [28].

The surface charge of biomaterials can have
a significant impact on cell behavior and on various
cellular processes, such as adhesion, proliferation,
differentiation and signaling. This influence can be
realized through affecting the adsorption of charged
biomolecules, such as proteins (growth factors) and
ions [29]. Since the charge of biomaterials can play a
significant role in modulating various cellular behav-
iors and processes, understanding its effects is very
important in the design and development of biomate-
rials for applications in tissue engineering and regen-
erative medicine [26,29-31].

Surface engineering and modifications, such
as plasma treatment or chemical modification, can
be used to tailor the surface properties of a bioma-
terial in order to improve its performance and allow
clinicians to have better control over biomaterial’s
interactions with the living host system [32].

Internal architecture

A biomaterial’s internal architecture or micro-
structure, which includes parameters such as pore
size, pore interconnectivity, and surface area, can
influence cell adhesion, migration and proliferation,
and finally tissue regeneration. Therefore, a scaffold
used for tissue engineering should have a porous
structure [33]. A biomaterial with a highly porous
structure with interconnected pores can facilitate the
diffusion of nutrients and waste products, thus pro-
viding a large surface area for cell adhesion, migra-
tion and proliferation, as well as better support for

tissue growth, while a material with small or discon-
nected pores can inhibit cell growth. Biomaterials
can be designed to have specific porosity to promote
tissue ingrowth and vascularization which can be
controlled by its production process [34,35].

Mechanical properties

Biomaterials must have appropriate mechan-
ical properties, such as strength, stiffness and elas-
ticity, to have the ability to withstand mechanical
loads and deformations in vivo [36]. These proper-
ties are influenced by the composition, atomic and
molecular structure and processing of the material.
For example, materials used in load-bearing im-
plants must have sufficient strength and stiffness to
withstand stresses, like materials used in bone repair
[37], while materials used in soft tissue repair must
be flexible and elastic to accommodate a movement
[38]. In addition, a biomaterial whose stiffness is
similar to that of the surrounding tissue can promote
cell adhesion and proliferation, while a material that
is too stiff or too soft can inhibit cell growth and dif-
ferentiation [39,40].

Generally, since the biological properties of
a biomaterial are a reflection of its physicochemi-
cal properties, by carefully controlling the physico-
chemical properties of biomaterials, researchers can
design materials that can interact with biological sys-
tems in a way that promotes tissue regeneration and
repair and have good potential for use in tissue en-
gineering and application in regenerative medicine.

2.3. Biomaterials used in tissue regeneration
mimic extracellular matrix

Biomaterials used in tissue regeneration
should mimic the natural structure of the extracellu-
lar matrix (ECM) and represent a physiological mi-
croenvironment for normal cellular functions [41].

The ECM is a complex network of proteins,
glycoproteins, and proteoglycans that plays a criti-
cal role in regulating cellular activity, and provides
a physical and biochemical microenvironment for
cells to perform their normal functions. Biomaterials
that mimic the natural structure of the ECM should
provide a scaffold for new tissue formation and nor-
mal cellular functions. This can be achieved through
the design of biomaterials with specific surface prop-
erties, as well as appropriate microstructural and me-
chanical characteristics. A biomaterial that is too stiff
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or too soft may affect cell behavior, while a material
that lacks the appropriate biochemical cues may not
promote cell adhesion and differentiation. Bioma-
terials composed of natural ECM proteins, such as
collagen, fibronectin, hyaluronic acid, or fibrin can
promote cell adhesion, migration, proliferation, and
differentiation, as well as represent a substrate for
biochemical signaling, ultimately leading to tissue
regeneration and repair. Alternatively, synthetic bio-
materials can be designed to mimic the structure and
function of the ECM, for example, by incorporating
specific functional groups or by controlling stiffness
or porosity [39,40,42,43].

These principles are particularly important for
tissue engineering applications, where biomaterials
are used to create three-dimensional scaffolds that
can support growth and development of new tissue.
For example, a biomaterial used in bone regeneration
should mimic the mechanical properties of bone tis-
sue, such as its stiffness and elasticity, and also mim-
ic the chemical composition of bone ECM, such as
the presence of hydroxyapatite [44].

3. CLASSIFICATIONS OF BIOMATERIALS

3.1. Classification according to origin

Biomaterials for application in regenerative
medicine can be of natural or synthetic origin. Natu-
rally-derived biomaterials are obtained from biolog-
ical sources such as tissues, extracellular matrix and
proteins. Examples of naturally-derived biomaterials
include collagen, gelatin, fibrin, chitosan, hyaluronic
acid, and other extracellular matrix (ECM) compo-
nents [45]. These materials are attractive for use in
tissue engineering and regenerative medicine be-
cause they are biocompatible, biodegradable and can
mimic the biochemical and mechanical properties of
natural tissue and the natural microenvironment of
cells. Natural biomaterials can also contain binding
sites for cells, growth factors, and other bioactive
molecules that can enhance tissue regeneration [9].

Synthetic biomaterials are made from non-bi-
ological materials such as polymers, ceramics and
metals, are usually derived from chemical synthesis
and can be tailored to have specific properties such
as mechanical strength, degradation rate and sur-
face chemistry. Examples of synthetic biomaterials
include polyesters, polycarbonates, polyurethanes,
poly(lactic-co-glycolic) acid (PLGA), polyethylene

glycol (PEG), and titanium alloys [46,47]. Synthet-
ic biomaterials can be used alone or in combination
with natural biomaterials to create hybrid materials
and can be designed with specific properties such as
mechanical strength, biodegradability and surface
chemistry, which makes them widely applicable in
tissue engineering and regenerative medicine [9]. So
for instance, a hybrid biomaterial made of natural
collagen and synthetic polyethylene glycol (PEG)
can combine the biocompatibility and scaffolding
properties of collagen with the tunable mechanical
properties and degradation rate of PEG [46]. By
carefully selecting and designing biomaterials, re-
searchers can create scaffolds that effectively guide
tissue regeneration and repair.

3.2. Classification based on bioactivity

Based on bioactivity, biomaterials for applica-
tion in regenerative medicine and tissue engineering
can be classified as bioinert or bioactive. Bioinert
biomaterials are characterized by their ability to re-
sist degradation and do not interact with biological
systems. They are designed to be stable in the body
over a long period of time while maintaining their
structural integrity, without causing a significant im-
mune response or inflammation in the surrounding
tissue [48]. Examples of bioinert materials include
some synthetic polymers and metals. Bioinert bio-
materials are often used in applications where the
biomaterial will not be resorbed or integrated into the
surrounding tissue, such as orthopedic implants [49].

Bioactive biomaterials actively interact with
the biological environment and are able to stimulate
cell growth and differentiation. These biomaterials
stimulate the formation of new blood vessels thus
stimulating cell and tissue responses that lead to tis-
sue regeneration and repair. Bioactive materials can
also be used as scaffolds to deliver growth factors
and other signaling molecules to promote tissue re-
generation [50]. Examples of bioactive materials are
bone substitutes that include some types of ceramics,
such as hydroxyapatite (HAp), and certain types of
bioglass and composites [51]. Biomaterials that can
be used as bone substitutes are classified into osteo-
conductive, osteoinductive and osteogenic biomate-
rials [52]. Osteoconductive biomaterials provide a
scaffold for the formation of new bone tissue, oste-
oinductive biomaterials have the ability to stimulate
the differentiation of stem cells into bone-forming
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cells, while osteogenic biomaterials have both oste-
oinductive and osteogenic properties [53,54].

Biomaterials can be designed to have both
bioinert and bioactive properties. By properly se-
lecting and designing biomaterials, scaffolds can be
made that effectively direct tissue regeneration and
repair processes [51].

4. TYPES OF BIOMATERIALS ACCORD-
ING TO STRUCTURAL PROPERTIES

In regenerative medicine and tissue engineer-
ing, different types of biomaterials are used accord-
ing to their structural properties, and the most com-
monly used are polymers, ceramics and composites.

4.1. Polymers

Polymers are popular class of biomaterials
due to their versatility, biocompatibility, and adjust-
able mechanical properties. Polymers can be further
classified into synthetic, natural and hybrid polymers
[46]. Synthetic polymers include poly(lactic-co-gly-
colic) acid (PLGA), polyethylene glycol (PEG) and
polycaprolactone (PCL), and for regenerative medi-
cine applications can be designed with specific prop-
erties such as biodegradability, mechanical strength,
and surface chemistry [23,55]. Natural polymers
such as collagen, hyaluronic acid and chitosan are
derived from biological sources and can provide in-
herent biocompatibility and biodegradability. Hybrid
polymers combine both synthetic and natural poly-
mers to achieve desired properties for applications in
tissue regeneration and repair [46].

Hydrogels

Hydrogels are a type of polymers that can ab-
sorb and retain a large amount of water or biologi-
cal fluids due to their hydrophilic nature. They are
three-dimensional networks of polymer chains that
are cross-linked to form a gel-like structure. The po-
rous network structure of hydrogels can represent a
good matrix for cell activity in tissue engineering
and regenerative medicine, especially since they can
be designed to have a porous structure that closely
mimics the extracellular matrix (ECM) of natural tis-
sues [56]. The porous structure of hydrogels allows
the diffusion of nutrients, oxygen and signaling mol-
ecules, as well as the removal of waste products, in
order to support cell growth and function [46]. Pore

size and distribution within the hydrogel can also be
controlled to create an environment that is suitable
for specific cell types and tissue types. Additionally,
hydrogels can also be modified by incorporating bio-
active molecules such as growth factors, cytokines
and extracellular matrix proteins, which can improve
cell adhesion, proliferation and differentiation, which
can help promote tissue regeneration and repair [57].

According to their origin, hydrogels can be
natural or synthetic. Natural hydrogels are derived
from natural polymers such as collagen, hyaluron-
ic acid, chitosan, alginate and gelatin. They are bio-
compatible and biodegradable, and can be used in a
variety of applications, including soft and bone tis-
sue engineering, wound healing and drug delivery
[56]. Synthetic hydrogels are made from synthetic
polymers such as polyethylene glycol (PEG), poly-
vinyl alcohol (PVA) and polyacrylamide (PAAm).
These hydrogels can be designed to have specific
mechanical and chemical properties and can be used
in applications such as drug delivery, biosensors and
tissue engineering [23].

In regenerative medicine and tissue engineer-
ing from different classes of polymers, both natural
and synthetic, researchers are investigating the devel-
opment of intelligent biomaterials that can respond
to changes in their environment to improve tissue
regeneration. Intelligent (smart) biomaterials can be
designed to respond to stimuli such as temperature,
pH, light, electric fields and mechanical stress [58].
Thanks to such interaction with biological systems,
they provide the possibility for controlled release of
therapeutic agents, for more precise control over tis-
sue regeneration and repair, and generally enable more
efficient and personalized treatments for patients.

4. 2. Ceramics

Ceramics are another class of biomaterials
commonly used in TE and regenerative medicine
applications. Ceramic biomaterials are for example
bone substitutes such as hydroxyapatite (HAp) and
tricalcium phosphate (TCP) which are commonly
used as scaffolds for bone regeneration due to their
ability to integrate with the surrounding bone tissue.

Hydroxyapatite

Ceramic biomaterials based on hydroxyapatite
are often chosen for use in regenerative medicine and
TE, especially for hard tissues such as bone, teeth,
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and cartilage. Hydroxyapatite is the main inorganic
component of bone tissue, so it can be used to create
scaffolds that closely mimic the structure and com-
position of natural bone. It has excellent biocompati-
bility, osteoconductivity and biodegradability, and is
also a bioactive material, which means it can stimu-
late the formation of new bone tissue by promoting
the attachment, proliferation and differentiation of
osteoblasts, the cells responsible for bone formation.
All this makes it an ideal biomaterial for use in bone
tissue engineering and bone regeneration [13].

In addition to bone tissue engineering, HAp-
based ceramics have also been investigated for appli-
cations in cartilage engineering [59], dental implants
[60], and drug delivery [61]. HAp can be used alone
or in combination with other biomaterials, such as
polymers [62] or metals [63], to create composite
scaffolds with improved properties. HAp has been
shown to promote chondrogenesis (cartilage forma-
tion) and can be combined with other materials such
as collagen to create scaffolds that support cartilage
regeneration [64]. HAp has also been used as a coat-
ing on dental implants to improve osseointegration
(integration with surrounding bone tissue) and pro-
mote long-term stability [60].

Properties, such as composition, particle size
and shape, porosity, surface charge, topography, etc.,
are relevant for the proper use of HAp materials [13].
The size of HAp particles can influence their bio-
logical response and interaction with cells, such as
ability to be phagocytized by cells, their rate of deg-
radation and their osteoinductive potential. Different
material shapes, such as fibers [65], particles [66] or
blocks [67], can affect cell adhesion, migration and
proliferation, mechanical properties and the way the
material interacts with other tissues in the body. The
porosity of HAp materials is an important factor for
tissue engineering applications, so high porosity can
improve cell and blood vessel infiltration and sub-
stance diffusion, but may compromise mechanical
strength. Porous HAp materials can be designed to
have a similar structure to the natural bone, which
can improve their ability to integrate with surround-
ing tissues [68].

The nanoscale characteristics of HAp can also
provide a scaffold for cell growth, promoting their
differentiation and the formation of new bone tissue
[69]. HAp biomaterial can be designed at both mi-
cro and nano level to create hierarchical structures
that mimic the natural bone structure. Designed mi-

cro-nanohybrid HAp structure is most similar to the
bone structure, making the cell environment closest
to natural one [70-72].

4.3. Composites

Composites are biomaterials that combine the
properties of two or more materials, each of which
contributes to the unique properties to achieve the
desired characteristics to create a scaffold with tai-
lored properties that make it an effective scaffold
for tissue regeneration applications. For example,
a composite scaffold can be created by combining
polymers with ceramics to create a structure that has
both mechanical strength and bioactivity. Compos-
ites can also be designed to degrade over time, pro-
viding a temporary scaffold for tissue growth. Exam-
ples of composite biomaterials include PLGA/TCP,
collagen/hydroxyapatite, HAp-PLLA, among many
others [73].

5. BONE TISSUE ENGINEERING

Bone tissue engineering (BTE) is based on
the combined use of cells, osteostimulating (oste-
oinductive) factors and biomaterials of natural and
artificial origin as a scaffolds and carriers for bone
regeneration and defects repair [74]. These three
components represent a biological triad that imitates
the natural environment in order to regenerate bone
tissue [2,75].

The scaffold provides a three-dimensional
structure that mimics natural bone tissue, allowing
cells to adhere, proliferate and differentiate into
bone-forming cells and other cell activities [76-78].
They also act as carriers of the second biological
triad component - osteoinductive factors, such as
growth factors and cytokines, which regulate cellu-
lar activities essential for bone formation. Natural
biomaterials that can be used as scaffolds in BTE in-
clude collagen, fibrin and various components of the
extracellular matrix (ECM), whereas synthetic ones
are of the ceramic, polymer or composite type [51].

In order to assess the possible impact on the
dynamics and outcome of the osteogenic process,
numerous studies were conducted on the role of PRP
as a source of osteoinductive factors [79]. PRP is a
concentrate of platelets and growth factors derived
from blood, such as the patient’s own blood. These
factors can stimulate cell proliferation and differen-
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tiation, thereby stimulating tissue regeneration and
repair, including bone [80-82]. PRP can be used as a
scaffold or carrier for cells and combined with bioma-
terials as their supplement to increase the osteogenic
potential of cells. Several in vitro and in vivo studies
using PRP in BTE constructs have shown promis-
ing results for increased bone repair and regenera-
tion [78,82-87]. However, more research is needed
to fully understand the mechanisms of PRP-induced
osteogenesis and to optimize its use in clinical appli-
cations.

5.1. Mesenchymal stem cells in bone tissue
engineering

Cells represent the third component of the bio-
logical triad in BTE. For this purpose, mesenchymal
stem cells (MSCs) that are derived from different
sources including bone marrow and adipose tissue
[88], as well as induced pluripotent stem cells (iP-
SCs), can be used [89,90]. MSCs have the ability to
differentiate into osteoblasts and form bone tissue
[83]. Other cell types, such as osteoblasts, chondro-
cytes, endothelial cells, macrophages, and others
have also been used in BTE.

Stem cells can be obtained from readily avail-
able and abundant source — adipose tissue [91]. Adi-
pose-derived mesenchymal stem cells (ADSCs) have
been used in several studies for applications in tissue
engineering and regenerative medicine, including for
bone regeneration purposes. ADSCs have the abili-
ty to differentiate into various cell types, including
osteoblasts, chondrocytes, endothelial cells, and adi-
pocytes [83,88,91]. This feature makes them a good
source of cells for bone regeneration and application
in regenerative medicine in general.

The process of isolating ADSCs from adipose
tissue usually involves digesting the adipose tissue
with enzymes and then centrifugation to separate the
stromal vascular fraction (SVF) from the adipocytes
[83-85]. The SVF contains a heterogeneous pop-
ulation of cells including mesenchymal stem cells,
endothelial progenitor cells, endothelial cells, peri-
cytes, preadipocytes, adipocytes, and immune cells
[92,93]. The resulting SVF could be used directly or
further processed using various techniques to isolate
specific cell populations, such as ADSCs. Further,
ADSCs can be expanded in culture and differentiated
into different cell types for application in regenera-
tive medicine and tissue engineering.

One possibility for application of ADSCs in
BTE is to use them as freshly isolated stromal vascu-
lar fraction of adipose tissue [85,94,95]. In this case,
potential of the SVF for the bone regeneration is test-
ed without previously undergoing in vitro expansion
process. By using this approach, encouraging results
were obtained in an ectopic mouse bone formation
model. Specifically, it was found that simulating an
intraoperative procedure with freshly isolated SVF
cells from adipose tissue combined with platelet-rich
plasma (PRP) delivered on a bone mineral matrix
(BMM) carrier rapidly initiated osteogenesis [85].
However, the use of SVF has some limitations, such
as the lower yield of ADSCs compared to culture-ex-
panded cells, the potential presence of unwanted
cells, and the lack of standardization in the isolation
procedure [96]. Therefore, the application of freshly
isolated SVF in bone regenerative medicine requires
more research for further optimization.

In some studies, researchers have used ADSCs
in vitro induced towards osteogenic cells and/or en-
dothelial cells in order to facilitate bone regeneration
and repair of bone defects [83,84,86]. ADSCs can be
induced in vitro into osteogenic cells, through induc-
tion of osteogenic markers gene expression, which
can be achieved by using various growth factors
and other osteogenic factors [97,98]. ADSCs can be
seeded onto biomaterial scaffolds, cultivated in vitro,
which allows them to differentiate into osteogenic
cells and form new bone tissue, and then be implant-
ed ectopically [99]. Another approach is to induce
ADSCs into osteogenic cells in vitro, and afterwards
to construct the implants out of differentiated cells, as
a source of growth factors and a biomaterial-carrier
as a scaffold. This combination triggered advanced
and well-balanced osteogenic process when implant-
ed ectopically [83].

Blood vessels formation is necessary condi-
tion for bone formation [100]. Endothelial cells are a
primary cell type found in blood vessels lining their
inner surface and are responsible for maintaining
vascular integrity and regulating blood flow [101].
The ability to generate functional endothelial cells
from stem cells is important for tissue engineering
applications that require the formation of new blood
vessels [86]. To induce ADSCs to differentiate into
endothelial cells, researchers used a combination of
growth factors and culture conditions that mimic the
in vivo environment of endothelial cells [84,102].
Some commonly used growth factors include vas-
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cular endothelial growth factor (VEGF), fibroblast
growth factor (FGF), platelet-derived growth factor
(PDGF), and angiopoietin-1 (Ang-1), among others
[103-105]. These growth factors can stimulate the
expression of genes and proteins involved in the de-
velopment and function of endothelial cells.

ADSCs can also be in vitro induced into endo-
thelial cells and then used for prevascularization of
scaffolds. Further, ADSCs induced into osteoblasts can
be added to prevascularized scaffolds and such con-
structs can be implanted in order to repair critical-sized
bone defects [106]. Also, ADSCs in vitro induced into
endothelial cells and ADSCs in vitro induced into os-
teoblasts can be combined and then seeded onto bioma-
terial-carrier enriched with a potent source of growth
factors such as PRP [86]. Both approaches led to the
improvement of vascularity, and subsequently to the
appearance of signs of the osteogenic process.

5.2. Macrophages in bone tissue engineering

Macrophages are immune cells that play an im-
portant role in the inflammatory process, in the regula-
tion of the immune response, and during tissue repair
and regeneration. They are involved in the removal of
dead cells and debris, and they also secrete various cy-
tokines and growth factors that can influence cell be-
havior and tissue regeneration. Macrophages secrete
cytokines and osteoinductive factors that promote os-
teogenesis and are involved in bone remodeling and
regeneration, such as transforming growth factor-beta
(TGF-B) and bone morphogenetic proteins (BMPs).
The position and roles of macrophages in bone tissue
engineering are complex and depend on factors such
as their phenotype, state of activation and interac-
tions with other cells and biomaterials in the micro-
environment. Studies have shown that macrophages
can have both positive and negative effects on bone
regeneration. For example, M2 macrophages, which
are involved in tissue repair and remodeling, secrete
growth factors and cytokines that promote osteogen-
esis and angiogenesis, while on the other hand, M1
macrophages, which are involved in the inflammatory
response, produce proinflammatory cytokines that in-
hibit bone regeneration [32,107].

In bone tissue regeneration, macrophages are
recruited to the site of injury or incorporated into a
scaffold to enhance the osteogenic process, and in
each approach they interact with other cells and thus
affect the regenerative process. In one study, macro-

phages were co-cultured with bone marrow-derived
mesenchymal stem cells (BMSCs) on a hydroxyap-
atite scaffold, and the resulting construct showed in-
creased osteogenic differentiation and mineralization
compared to BMSCs cultured alone [108].

Studies have suggested that modulating the
phenotype and behavior of macrophages may be a
promising approach to enhance bone regeneration.
Research has been carried out on the use of bio-
materials that can modulate the behavior of macro-
phages in BTE constructs. For example, developed
biomaterials with surface charge and chemical func-
tional groups can influence the polarization of mac-
rophages towards an anti-inflammatory phenotype.
These materials have been shown to improve bone
regeneration in animal models [109].

Inclusion of macrophages in the implants based
on hydroxyapatite and in combination with a blood
clot has a beneficial effect on the osteogenic process in
vivo. This result was demonstrated in the case of both
resident and inflammatory macrophages included in
subcutaneous implants, unlike implants without these
cells. In this way, it was shown that macrophages,
adapting to the environment in which they are locat-
ed, positively act on angiogenesis, collagen produc-
tion, and maturation of osteoblast-like cells, probably
through secretion of various molecules. Their com-
bination with blood clot and hydroxyapatite aimed
to mimic the situation at the site of a bone fracture
in macrophage-enriched environment. The results of
these studies showed that there is a great potential for
the application of macrophages in bone tissue engi-
neering and orthopedic surgery [110,111].

The specific role of macrophages in the con-
text of BTE is still an active area of research and
more studies are needed to fully understand their ef-
fect on the osteogenic process and to optimize the
design and development of scaffolds and therapies
for bone repair and regeneration.

6. TESTING BIOMATERIALS FOR USE IN
REGENERATIVE MEDICINE

6.1. In vitro models and methods
for testing biomaterials

In vitro models and methods have been used
to examine the biocompatibility, immunomodulatory
and regenerative potential of biomaterials, as well as
their influence on cellular functions.
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In vitro cell models enable investigation of
specific cellular and molecular interactions that
may not be possible in vivo, but can provide prelim-
inary data for selecting biomaterials for further in
vivo testing. Using in vitro cell models, researchers
can test the effects of biomaterials on different cell
types, tissues and biological processes under pre-
cisely controlled conditions and observe cellular
responses and functions over time allowing a better
understanding of the molecular mechanisms un-
derlying the observed effects. These models can be
simple 2D cell cultures or complex 3D tissue engi-
neering models that simulate the in vivo microenvi-
ronment. Cells are directly exposed to biomaterials
in vitro by being grown on or within the biomateri-
als, or the biomaterials are tested indirectly via their
extracts [112-115].

In vitro tests can be performed to evaluate var-
ious cellular functions, activities and responses, such
as cell adhesion, migration, proliferation, differenti-
ation, gene expression, which are important factors
and parameters for assessing the ability of biomate-
rials to support tissue regeneration and repair. Cyto-
toxic and genotoxic effects of biomaterials and their
decomposition products are tested in vitro, which is
important for assessing their safety in medical ap-
plications [112,116]. Morphology is also studied and
morphometry of living cells is performed, as well as
examination of various functions and activities such
as various products secretion. /n vitro methods can
also be used to study the interaction between bio-
materials and immune cells, such as macrophages or
dendritic cells, to determine whether the material can
induce an immune response or has immunomodula-
tory effects [116-119]. Additionaly, wound healing
effects of biomaterials intended for wound manage-
ment can be studied in vitro on cell models as well
[21,117].

In vitro studies can help guide the develop-
ment of new biomaterials for applications in regen-
erative medicine and tissue engineering and can help
researchers identify optimal biomaterials for specif-
ic applications. However, it is important to keep in
mind that results obtained from in vitro studies can-
not always be translated to in vivo situations, as the
in vivo environment is much more complex and dy-
namic. Therefore, in vitro studies are often followed
by in vivo studies in animal models to confirm the
results.

6.2. In vivo experimental models for testing
biomaterials

Various in vivo animal models of implantation
are used in research for the examination of the regen-
erative potential of biomaterials. /n vivo, experimental
models have been used to assess the biocompatibility,
safety, and efficacy of biomaterials in a more clinically
relevant context before proceeding to human clinical
trials [120]. The usage of animal models with ortho-
topic or ectopic implantations is important because it
allows researchers to examine the regenerative poten-
tial of biomaterials in a more complex and dynamic
environment than in vitro models [121,122]. In vivo
models with bone defects provide a controlled envi-
ronment for tracking the effects of biomaterials on
various factors, such as immune response, vascular-
ization, new bone formation, integration of the im-
planted biomaterial with the surrounding tissue, and
mechanical stability, which are key to successful bone
regeneration and repair.

Bone tissue injuries are often examined in mod-
els of the defects of calvaria, jaw bones, and long bones
(most commonly the tibia or femur) [120-122]. Bone
defect models typically involve surgically removing
a section of bone and creating critical-sized bone de-
fects in the bone of experimental animals (mouse, rat
or rabbit). Afterward, the biomaterial is implanted into
the defect site to assess its ability to promote bone re-
generation and repair. The choice of animal model and
the location and size of the bone defect are important
considerations in these experiments. For example, the
calvarial defect model is commonly used to study bone
regeneration, because the skull is easily accessible
and the defect can be created in a reproducible man-
ner. On the other hand, femoral or tibial defect models
are used to study larger bone defects and the ability
of biomaterials to promote healing in load-bearing
bones. Additionally, the calvaria has a poor vascular
network, while biomaterial in the full-depth defects in
the long bone has direct contact with the bone mar-
row. In intraosseous implantation models, polymers as
a collagen can be implanted alone [123], or in combi-
nation with bone substitutes [124,125]. The choice of
bone defect model to be used for testing biomaterials
in vivo depends on the biomaterial characteristics and
its potential application as well.

The subcutaneous implantation model is a
common method for rapid assessment of biocompat-
ibility and basic biological properties of biomateri-
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als, so this model can be used for initial screening
of biomaterials after which potential clinical applica-
tions can be considered [126-128].

The site of implantation and tissue surround-
ing the implanted biomaterial is usually examined,
thus providing insight into the host’s response to the
implanted material, including inflammation, cellular
infiltration, fibrosis, foreign body reaction, adverse
reactions, and possible toxic effects [126-130].

The effectiveness of biomaterials in stimulat-
ing bone regeneration can be evaluated by different
methods. Imaging techniques such as X-ray im-
aging, computed tomography (CT), and magnetic
resonance imaging (MRI) can provide information
on the degree of new bone tissue formation and the
integration of biomaterials with the surrounding tis-
sue [131]. Histological analysis involves examining
tissue samples from the defect site to assess cellular
and molecular changes associated with bone regen-
eration, including the presence of new bone tissue,
blood vessels, and other components of the extracel-
lular matrix [126-130].

Mechanical testing can be used to assess the
strength and stiffness of the regenerated tissue, pro-
viding an indication of its suitability for load-bearing
applications.

In general, in vivo experimental models pro-
vide a valuable tool to assess the regenerative poten-
tial of biomaterials in a biologically relevant context
and potential clinical application, and guide the de-
velopment of new materials with improved regener-
ative properties. However, it should be noted that the
use of animal models requires prior careful ethical
and practical considerations.

7. CONCLUSION

Regenerative medicine as a field of medicine
that deals with therapies, strategies and techniques
for repairing, replacing or regenerating damaged or
diseased tissues and organs in the body today offers a
promising approach in the treatment of many diseas-
es and injuries, and in the future even more. Tissue
engineering methods have so far created many tissues
with the ultimate goal and perspective of obtaining
functional tissues or organs that can be transplanted
into patients to treat disease or injury. Research in
the field of biomaterials has significantly improved
the field of RM and TE. Important prerequisites for
the biomaterial to be used for implantation are its

biocompatibility and biofunctionality. Biomaterials
should also enable adhesion, migration, proliferation
and differentiation of cells.

Since the biological properties of a biomateri-
al are a reflection of its physicochemical properties,
by carefully controlling the physicochemical proper-
ties of biomaterials, researchers can design materials
that can interact with biological systems in a way that
promotes tissue regeneration and repair and has good
potential for application in RM and TE. The choice
of natural or synthetic, bioactive or bioinert, and bio-
materials of a certain structure (polymeric, ceramic,
composite) for use in RM and TE depends on the spe-
cific application, as well as on the desired properties,
scaffold characteristics and functions of the biomate-
rial. By designing hydrogels with specific properties,
researchers can create scaffolds that closely mimic the
ECM of native tissues and provide an environment
that supports cell growth, function, and regeneration,
making them an attractive material for tissue engineer-
ing and regenerative medicine applications. Ceramic
biomaterials of the calcium phosphate type are used
as bone substitutes, because they can act as scaffolds
for bone regeneration due to their ability to integrate
with the surrounding bone tissue. Understanding and
controlling the properties of HAp materials is critical
to determining their suitability for use in regenerative
medicine and tissue engineering applications and to
promote and create new tissue and support cell growth
and function in the body. The nanoscale characteris-
tics of HAp can also provide a scaffold for cell growth
and new bone tissue formation, and the design of mi-
cro-nano hybrid HAp structures is an important area
of research because it closely mimics the structure of
natural bone.

BTE is based on the combined use of cells,
osteostimulating (osteoinductive) factors and bioma-
terials as scaffolds and carriers for bone regeneration
and defect repair. Researchers have used ADSCs in-
duced in vitro towards osteogenic cells or endothe-
lial cells, although freshly isolated stromal vascular
fraction of adipose tissue can also be used for regen-
erative purposes. Studies have suggested that mod-
ulating the phenotype and behavior of macrophages
may be a promising approach to enhance bone regen-
eration. It has been shown that the incorporation of a
blood clot into BTE constructs as well as the use of
PRP can stimulate angiogenesis, the wound healing
process, bone repair and regeneration, as they can be
a source of osteoinductive factors.
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In vitro studies can help in guiding the devel-
opment of new biomaterials for regenerative medi-
cine and tissue engineering applications and may help
researchers identify optimal biomaterials for specific
applications, but in vitro studies are often followed by
in vivo studies in animal models to confirm the results.
In vivo experimental models provide a valuable tool to
assess the regenerative potential of biomaterials in a
biologically relevant context for potential clinical ap-
plication and guide the development of new materials
with improved regenerative properties.
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HNPUMEHA BUOMATEPHUJAJIA Y PETEHEPATUBHOJ MEIUIIUHA N
TKUBHOM NHKXEILEPCTBY - KOHIEIITHU U IIEPCIIEKTUBE

Casxkerak: Pereneparuaa menuiaa (PM) kopuctu ypol)eHH TIOTCHIIM]jaI JbYACKOT Tena Aa edukac-
HO TIOTIPaBH U pereHepuire omreheHa TKUBa M OpraHe y3 momoh pa3nuyautux Onomarepujaia. TKUBHO
nmkemepcTBo (TE) omoryhasa 3ameny omreheHnx TKHBa M opraHa HOBHM. VcTpaxuBama y o0macTu
Omomarepujana 3Ha4ajHO Cy yHampenmna obmact PM u TE. bruomarepujanu ce KopucTe Kao OpTOTe-
CKH, CTOMATOJIOIIKH ¥ KapINOBaCcKyJIapHN MMIUIAHTAaTH, Ka0 MEJUIMHCKN ypehaju u y pasHum odmac-
THUMa PEKOHCTPYKTUBHE M pETeHEepaTHBHE MeJuInHe. BaxkHN IpeayciioBy Ja ce Onomarepujai KOpucTu
3a UMIUIAHTAIN]y Cy HeroBa OMOKOMITaTHOMIHOCT M OnodyHKIMOHAIHOCT. buomarepujanm Tpeda na
omoryhe aaxesujy, MuUrpanyjy, nponudepannjy u mudepennujanujy henmja. bronomka cBojcrBa Ono-
Mmarepujajia cy olpa3 HbHXOBHX (DU3MUKO-XEMH]CKHX OCOOMHA, Kao IITO Cy YHYTpallibha apXUTEKTypa,
KapaKTepPHCTHKE TIOBPIIMHE U HaelleKTpUcamke. buomarepujain Koju ce KOpUCTe y pereHepalfjiu TKHBa
Tpeba J1a oToHaIIajy IPUPOAHY CTPYKTYPY €KCTpaleTyJIapHOT MaTpUKCa U IPECTaBIbajy (PU3HONIOMIKY
MHUKpOCpeuHy 3a HopMaiiHe henujcke GpyHkuuje. OBu Onomarepujanu Takohe Tpeda i1a nmajy ajexBar-
Ha CBOjCTBa OMOPa3TrpaMBOCTH Kako OU ce onakiiano (opMUpare H pacT HOBOT TKMBa. bruomarepujanu
3a ynotpedy y PM u TE mory OuTH pUPOAHOT MM CHHTETCKOT MOPEKJIa, TI0 CTPYKTYPHUM 0COOMHAMa
MOJMMEPHH, KEPAMHUYKH U KOMIO3UTHU THUII, @ HA OCHOBY OMOPEAKTUBHOCTH MOTY OWTH OMOWHEPTHU
i 6noaktuBHU. Y PM u TE ce xoprcTe mommMepn pa3inauTHX THITOBA, TIPUPOTHH U CHHTETCKH, KOjH
Ce MOTY HAIPaBUTH M KA0 MHTEIUTCHTHH MaTepHjain. XUAPOTEIOBH UMajy CTPYKTYpPy HOPO3HE MpEXe
npencraBibajyhu Tako 1o0Opy Marpuiry 3a aktuBHOCT henmja. Kepammuku Onomarepujanu Ha 6a3u XAm
ce xopucte y PM u TE, nmoce6HO uBpcTx TkuBa. CBOjCTBa, Kao IITO Cy CAcTaB, BeIMYMHA YECTHIIA,
00NMK Marepujaja, MOPO3HOCT, TOBPUIMHCKO HAeJIEKTPHUCAbe, Tororpaduja u CI, peleBaHTHH Cy 3a
npaBwiIHy ynorpedy XAn marepujana. Baxna kapakepuctika XAn-a cy moryhHoctn Mmonudukanuje
ErOBE CTPYKTYpE, MOBPIINHE, TU3ajHa BEJIMYMHE YECTHIA Ha MUKPO M HAHO HUBOY, XMOpUAM3alHja
ca MoJMMepruMa, MeTaluMa UT/I, LITO je BeOMa BaKHO 32 HheroBe npuMmeHe. /lu3ajHupana MUKpO-HaHO-
xubpuHa XAm CTpYKTypa je HajcIMuHHja CTPYKTYpU KOCTHjY, unHehn henujcko okpyxemwe Hajonu-
KM npupoaHoM. TkuBHO urkemepcTBo kocth (KTE) ce 3acHnBa Ha koMOMHOBaHO] yrotpebu henwja,
octeocTuMyHpajyhnx (0CTCOMHIYKTUBHUX) akTopa 1 Onomarepurjaia Kao ckadoiaa U Hocada 3a pe-
reHepanyjy koctujy u nompasky nedekara. Y KTE ce gecto kopucte Me3eHXUMCKe MaTWdHe hemmje
oOHjeHe W3 MaCHOT TKHBA KOje ce MHAYKY]Y in Vvitro IpeMa OCTEOTCHUM WM €HIOTETHUM hemnmjama, a
MOXKE ce IPUMEHNTH U CBEKE N30JI0BaHA CTpOMaJIHA BacKyinapHa (pakunja. Y cactaB KTE xoncTpykTa
MOT'Y C€ YKJbYYMBAaTH KOMIIOHEHTE KPBU Kao M3BOp ocTeomHIyKTUBHUX (akropa (ITPII, krvna mia3ma
WIN YTPpyIIak), a ¥ Makpodarn Kao MOAYJIATOPH OCTEOTCHOT mpoueca. [n vitro MOIenu U MeTofe ce
KOPHCTE 32 UCTINTHBAhEC OMOKOMITaTHOMIIHOCTH, MMYHOMO/TYJIATOPHOT ¥ PEreHEepaTHBHOT ITOTEHIINjaia
Onomarepujaia, Kao U BUXOBOT yTHIaja Ha hemujcke dynkuuje. [loce in vitro MeTona, a mpe KIMHUY-
KHX CTy/IHja, 3a UCIIUTHBAKhE PEreHepaTHBHOI MOTEHIMjala OuomMareprjaina KOpucTe ce pa3iniuT in
VIVO )KUBOTHI-CKH MOJICIIH, Ka0 IITO Cy MOTKOXKHE MMIUIaHTaluje U Ae(eKTH KOCTHjy TuoOuje, OyTHe
KOCTH Y KaJIBapHje KOJ| eKCIIEPUMEHTAIHHIX KUBOTHbA (MU, M1AI0B, 3€11).

Kibyune pujeun: PereneparusHa MeauinHa, KomraHo TKHBHO HHKCHEPCTBO, buomarepujanu, TkuBHe
ckene, Pu3nyKo-xeMHjcKa cBojcTBa, Knacudukanuja buomarepujana, bruoakruBHocT Martepujana, Xu-
JporenoBu, Xuapokcuanarut, Me3zeHxuMcke Matndae henuje u3 MacHor TkuBa, Makpodaru, Meroze
in vitro, In vivo )XUBOTHUHCKH MOJCIIH.
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