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Objective: to study the induction of osteogenesis caused by introducing into the defect area broadly porous cryo-
genically structured 3D carriers, based on serum albumin and loaded with a bioregulator isolated from bovine 
serum on an experimental model of mandible defect in rabbits in vivo. Materials and methods. Cryogenically 
structured sponges in the form of cylindrical specimens, 5 mm in diameter and 5 mm in height, prepared from 
bovine serum albumin, were used as the bioregulator carrier. The experimental laboratory animals were male Chin-
chilla rabbits, weighing 2–2.5 kg. Bone tissue was skeletonized under anesthesia (intramuscular anesthetic Zoletil 
100) with a 3-cm incision in the angle of the mandible and a 5-mm-diameter cutter was used to create a 2–3-mm 
deep defect to install an appropriate-size albumin sponge. A total of 24 animals participated in the experiment. 
X-ray control of the defect area was performed in vivo on day 14 using PanExam+ (Kavo) device (20 m X-ray). 
Histological examination of tissues was carried out at day 30 after the defect using a light microscope. Results. 
Experiments performed indicate an active restoration of bone tissue in the extensive defect area when using an 
albumin-based 3D carrier with the inclusion of a bioregulator as compared to the control experiments. There 
were osteointegrative and osteoinductive processes, almost complete decomposition (biodegradation) of albumin 
sponge with formation of islands of dense bone tissue with small foci of coarse fibrous tissue in the defect. This 
demonstrated good dynamics of recovery processes at this stage of healing. Conclusion. Under the action of a 
serum bioregulator contained in an albumin-based sponge, the repair process leads to restoration of normal bone 
tissue without formation of bone callus and altered bone tissue different from the native one.
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inTrOducTiOn
In maxillofacial surgery, the problem of restoring 

bone defects with the use of special implant materials 
or compositions remains a hot topic. Moreover, it is im-
portant what materials and with what filling are used 
for replacement and restoration of bone tissue in vari-
ous pathological processes. In particular, methods with 
replacement of bone defects using auto- and allografts 
as well as decalcified and decellularized artificial bones 
are used. However, our own bone material is not always 
available, especially for large defects, and the use of 
allografts and artificial materials can lead to complica-
tions, including rejection. Currently, there are still no 
implant materials and constructs that can fully meet all 
the requirements. In this regard, the development of new 
materials for implants, as well as means and methods of 
increasing their effectiveness should be considered very 
urgent [1]. Meanwhile, bone-made implants, subjected 
to the necessary pretreatment [2], as well as implants 

formed from biopolymer precursors suitable for this 
purpose are of interest [3, 4].

Membranous bones, such as cranial bones, provide 
better engraftment in the maxillofacial defect area [5]. 
Porous tissues such as cancellous bone can be used for 
faster sprouting of blood vessels in them and accelera-
tion of ossification processes [6]. Grafts from decalcified 
bone matrix are also of interest since it has been shown 
that demineralized bone promotes osteoinduction pro-
cesses [7, 8].

Previously, we investigated the effect of serum bio-
regulator in cryogenically structured sponge carriers (so-
called cryogels and cryostructures [9]) on the repair of 
femoral defects in Wistar rats at different periods (day 
7, 14, 30, 90). Moreover, it has been shown that during 
wound healing, there is an effective recovery of dense 
bone tissue, starting from early periods, leading to os-
teogenesis stimulation with complete recovery by late 
periods and with the formation of dense bone tissue in 
the experimental defect area [10, 11]. The best results in 
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these experiments were achieved using albumin cryogels 
[12] as carriers of serum bioregulator [11]. The use of 
cryogels based on other proteins for the treatment of 
bone defects has also been reported [13]. For example, 
in the case of a cryogel formed from collagen filled with 
hydroxyapatite nanoparticles, safety, biodegradability 
and osseointegration induced by this material have been 
demonstrated over a long period (15 weeks) in vivo [14].

Given the positive results of the above experiments 
on the positive effect of serum bioregulator included in 
albumin cryogel on the regenerative process in the case 
of rat femur defect healing model, we planned to study 
the restoration of rabbit jaw bone, since there are signifi-
cant differences between the tubular bones and the jaw 
bone. The jaw bone has a lamellar structure, the maxilla 
has a lot of spongy bone tissue and a thinner cortical 
plate of dense tissue, the mandible has a denser cortical 
plate [15]. Therefore, the jaw bones, as well as the skull 
bones, are less amenable to repair after damage. It was 
expected that the use of a bioregulator form adsorbed 
on a protein carrier as a transport conductor would ac-
celerate osteogenesis stimulation, as a factor aimed at 
restoring the artificially created mandibular tissue defect.

maTerialS and meThOdS
We used cryogenically structured sponge media in the 

form of cylindrical samples, 5 mm in diameter and 5 mm 
in height, prepared from bovine serum albumin accord-
ing to a previously published technique [12]. Then, the 
resulting porous carriers were incubated in an aqueous 
solution of bioregulator, frozen, and lyophilically dried. 
The control samples were albumin carriers containing 
no bioregulator, also lyophilically dried.

The bioregulator was isolated from bovine blood 
serum (a commercial preparation used as a nutrient ad-
ditive to culture media, BioLot) using a technique that 
included protein desalting with ammonium sulfate, di-
alysis, concentration, and then isoelectrophocusing in 
a sucrose density gradient at pH 3–10 [16]. The high 
degree of bioregulator purification was demonstrated 
by electrophoresis in polyacrylamide gel electrophoresis 
and reverse-phase HPLC. In this work, we used a com-
mercial preparation Viorgon 1, manufactured by IPB.

The experimental laboratory animals were male 
Chinchilla rabbits, weighing 2–2.5 kg. Bone tissue was 
skeletonized under anesthesia (intramuscular anesthetic 
Zoletil 100) with a 3-cm incision in the angle of the 
mandible and a 5-mm-diameter cutter was used to cre-
ate a 2–3-mm deep defect to install an appropriate-size 
albumin sponge. The study materials – 3D carriers con-
taining and not containing the blood serum bioregula-
tor – were placed into the formed defects. After filling 
the defects, soft tissues and skin were sutured. The ani-
mals were kept under standard vivarium conditions. The 
wound was sutured in layers after treatment with 3% 
hydrogen peroxide solution. The suturing was done with 

interrupted stitches with full coverage of the implant. 
Hemostasis was performed in the course of the opera-
tion. The skin wound was sutured with interrupted 4-0 
polyglycolic acid sutures. Each rabbit was fitted with one 
test specimen of albumin sponge, either containing no 
serum bioregulator or containing serum bioregulator. In 
the negative control, nothing was inserted into the defect 
area and the wound was sutured. The following groups 
of 6 rabbits each were formed:
1. Native control (rabbits without defects).
2. Negative control (no albumin sponges were inserted 

in the defect area).
3. Control group (albumin sponges without serum bio-

regulator were inserted in the defect area).
4. Experimental group 1 (albumin sponges containing 

serum bioregulator at 10–10 mg/mL final concentration 
were inserted in the defect area).
A total of 24 animals participated in the experiment.
The defect area was subjected to X-ray imaging on 

day 14 in vivo on the PanExam+ (Kavo) device, (20 μR).
We divided the state of bone tissue on the radiographs 

into 3 points.
Score 1 – complete absence of osteoid tissue ele-

ments; the bone defect is determined radiographically 
as a shadow and defect zone, more filled with fibrous 
connective tissue.

Score 2 – defect area is 30–40% filled with islets of 
osteoid tissue and partially with coarse fibrous connec-
tive tissue, which presumably should restructure into 
young bone tissue with trabecular structure.

Score 3 – in the defect area, bone tissue density was 
almost equal to that of the parent tissue; small islets of 
connective tissue were observed against the background 
of active growth of normally structured bone tissue; but 
in general, identifying the defect area was difficult.

The state of bone defects was studied on day 14 via 
X-rays since the main regeneration processes, which 
further determine the quality of the bone tissue formed 
in the defect area, take place at this early stage. On day 
30 after surgery, the animals were removed from the 
experiment, bone material was extracted from the defect 
area, fixed in formalin, decalcified, and embedded in 
paraffin to prepare 10 μm-thick histological sections. The 
histological sections were stained with hematoxylin and 
eosin and studied using light microscopy.

reSulTS and diScuSSiOn
As stated earlier, the main objective of this study was 

to test the possibility of osteogenesis induction caused 
by the action of serum bioregulator in the artificial bone 
defect area of a rabbit mandible, when such bioregulator 
was injected there in adsorbed manner on a cryogeni-
cally structured sponge cryogel prepared from denatured 
serum albumin. Formation of the above macroporous 
carrier is based on the previously discovered effect of 
cross-linking of the polypeptide chains of serum albumin 
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Fig. 1. Microstructure of serum-albumin-based cryogel con-
trasted with 0.125 mM aqueous methylene blue solution (op-
tical stereomicroscope SMZ1000 (Nikon, Japan), equipped 
with digital system MMC-50C-M (MMCSoft, Russia) for 
image recording)

200 μm

Fig. 2. X-ray of the rabbit mandible in the defect area (indicated by arrow) on day 14 in the control group: a, low magnifica-
tion; b, high magnification

а b

quence of operations leads to formation of a spongy 
protein cryogel (Fig. 1), which is easily degraded by 
proteases in case of a specific application [18]. It is this 
albumin carrier that was used in this work to introduce 
the serum bioregulator, adsorbed by it, into the body of 
laboratory animals.

In the early stages after the defect (14 days), the state 
of the bone tissue was examined in vivo by X-ray.

The negative control on the mandible showed a defect 
zone without clear contours, there was a tendency to fill 
the formed defect. In the center, there are defined islands 
of dense substance, most likely zones of bone mass for-
mation (score 1.5–2 on the scale described above). In the 
peripheral area of the defect, towards the center of the 
defect from the edge of the bone tissue, there were struc-
turally more differentiated islands of bone substance. 
Radiographs show loose connective tissue located near 
the edge of the defect, which consists of intertwined 
bundles of collagen fibrils (Fig. 2).

In the control with a sponge, the defects were filled 
with connective tissue (coarse fibrous collagen tissue). 
In some areas closer to the edge of the maternal bone, 
islands of new bone substance deposition are detected 
(score 1 on the scale described above) (Fig. 3).

In the experimental group with the inclusion of serum 
bioregulator in the albumin sponge, exophytic growth of 
newly formed bone tissue with a trabecular structure in-
terspersed with a fibrous matrix was determined in the de-
fect area. Foci of osteogenesis in the form of osteoid depo-
sition in the connective-tissue layer were observed (score 
2.5–3 according to the above described scale) (Fig. 4).

by disulfide bridges due to intermolecular thiol-disulfide 
exchange reactions resulting from the introduction of a 
denaturant (particularly urea or guanidine hydrochloride) 
and a small amount of a reducing agent (e.g., cysteine) 
into the initial protein solution, followed by freezing, 
freeze-drying, and further thawing [12, 17]. This se-
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Fig. 3. X-ray of the rabbit mandible in the defect area (indi-
cated by arrow) on day 14 in the albumin sponge group

Fig. 4. X-ray of the rabbit mandible in the defect area (indi-
cated by arrow) on day 14 in the group with albumin sponge, 
containing serum bioregulator

The histological description of the bone tissue state in 
the defect area on day 30 after its application in different 
groups gave the following picture.

Native control: Dense bone tissue, bone marrow 
(mostly yellow – fatty tissue, but red bone marrow is 

also presented) is visible inside cavities of bone beams. 
Elements of teeth with dentin, enamel and immature 
mesenchymal cells are well expressed. Dense bone tis-
sue is well expressed, there are visible vessels. Osteons 
are well expressed, with small lacunae between the os-
teocytes. Nuclei of osteocytes are large, oval in shape. 
A mature lamellar osteoid bone is represented (Fig. 5, a).

 

 

Fig. 5. Bone tissue of rabbit mandible: a, native; b, 30 days after application of defect (negative control, without introduc-
tion of any materials into the defect area; c, 30 days after application of defect (control, with introduction of albumin sponge, 
containing no serum bioregulator, into the defect area); d, 30 days after application of the defect (experimental group, with 
introduction of albumin sponge, containing serum bioregulator, into the defect area). 1, osteons; 2, remains of albumin sponge; 
3, immature osteoid tissue; 4, dense bone tissue; 5, bone marrow. 200× magnification. The arrow indicates the defect area
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In the negative control group (no filling of defect 
area with materials), there is no complete healing of 
defects. The wound cavity is filled with tissue detritus, 
between which a new bone is forming, bone marrow 
is not expressed. Immature osteoid tissue is observed, 
lacunae are not expressed. Fibrous bone tissue, vessels 
are poorly represented (Fig. 5, b).

In the control group (filling of defect with albumin 
sponge containing no serum bioregulator), the wound 
was healing without bone marrow formation. One can 
see active formation of bone tissue, osseointegration of 
albumin sponge into bone, formation of cavities in it and 
partial settlement by cells. And also on the border, there 
is active cell granulation with formation of immature 
osteoid tissue (Fig. 5, c).

In the experimental group (filling of defect with 
albumin sponge containing the serum bioregulator), 
the remains of decomposing albumin sponge are visible 
in the damage area, the newly formed bone is dense, 
with small lacunae. Inside the bone cavity, bone mar-
row is visible. Formation of dense mature osteoid tissue 
with formation of osteons and haversian canals and bone 
marrow is proceeding. The alveolar bone tissue and the 
lamellar dense bone are being rebuilt (Fig. 5, d).

Any connective tissue is a precursor of bone tissue. 
It is necessary for the growth of integration processes 
and filling of defects with bone tissue. In the negative 
control group with an albumin sponge containing no 
bioregulator, we observed the beginning of the bone 
repair process with the formation of immature bone, in 
contrast to the group in which albumin sponge containing 
a serum bioregulator was introduced into the defect area. 
Thus, the albumin sponge is a carrier, which is neces-
sary for the settlement of newly formed cells in it as an 
osteoconductor, and the osteoinducer, which accelerates 
the process of mature bone tissue restoration, is a serum 
bioregulator included in it.

cOncluSiOn
In the negative control, the picture of recovery of 

dense bone tissue of the rabbit’s mandible is not pro-
nounced, the restored tissue is mainly coarse-fibrous. 
In the control group with albumin sponge, one can see 
incomplete decomposition of this sponge and only the 
beginning of osseointegrative processes. Results ob-
tained indicate active restoration of bone tissue in the 
extensive defect area when using a 3D carrier based on 
bovine serum albumin (albumin sponge) with inclusion 
of a bioregulator isolated from blood serum. We can 
see the processes of osteointegrative and osteoinductive 
activity, almost complete albumin sponge decomposition 
in the defect area, with the formation of islands of dense 
bone tissue with small foci of rough fibrous tissue in the 
defect site, which indicates good dynamics of restorative 
processes at the given stage of the defect healing. This 
may suggest that under the influence of serum bioregu-

lator in the albumin sponge, the repair process leads to 
restoration of normal bone tissue without formation of 
bone callus and altered bone tissue different from the 
native one.
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