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We performed a morphological study of the bone tissue after implantation of a cryogeni-
cally structured albumin sponge containing a bioregulator isolated from blood serum into an 
extensive experimental defect of the femur. By day 90, no complete reparation of the bone 
tissue was achieved in the control group (without implantation of 3D carrier), a loose spongy 
bone is formed at the site of the defect. After implantation of the 3D carrier without serum 
bioregulator, the defect was closed, but the formed bone was loose and contained no inflam-
mation foci. After the defect was filed with the albumin sponge with the bioregulator, the 
repair pattern corresponded to the processes of epimorphic tissue regeneration. The results 
suggest that cryogenically structured protein material in combination with a serum bioregula-
tor ensured complete restoration of the bone tissue.
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3D technologies are now actively used in surgery, 
especially in orthopedics and traumatology, for the 
regeneration of extensive and difficult to repair bone 
defects [2,3,8]. In these cases, biocompatible and re-
sorbable materials containing various functionally ac-
tive additives and/or living cells are often used to fill 
these defects [4,12,14].

Of particular interest are so-called cryogels and 
cryostructurates [9], because their 3D macroporous 
morphology is similar to the structure of cancellous 

bone [10,15]. The use of cryogenically structured 
spongy 3D carriers makes it possible, on the one hand, 
to introduce bioactive substances that stimulate os-
teogenesis, and, on the other hand, to populate them 
with cells, for example, mesenchymal or fibroblasts, 
which also promote regeneration of the bone tissue 
[11]. Various inorganic and organic substances are 
used as materials for implantation into the defect area. 
Since the process of bone restoration is long-lasting 
and takes about 2-3 months, it is important to have the 
information about the morphology of the bone tissue 
filling the extensive defect at later stages of repair.

We have previously shown [1] that the use of 
cryogenically structured spongy 3D carriers containing 
a new group bioregulator, a protein-peptide complex 
(PPC) isolated from the bovine blood serum [7], ac-
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tivates reparative osteogenesis at the early stages (14 
days) of in vivo wound healing in rats. In these experi-
ments, different 3D matrices were used, of which the 
macroporous cryogel based on BSA turned out to be 
the most promising.

Here we studied the features of bone defect repair 
at delayed terms (90 days) of healing induced by PPC 
introduced into cryogenically structured spongy 3D 
carriers based on BSA.

MATERIALS AND METHODS

Cryogenically structured spongy carrier (a cylinder 
with a diameter of 5 mm and a height of 5 mm) was 
prepared from BSA as described previously [13]. Then 
the obtained spongy samples were incubated in an 
aqueous solution of a bioregulator, frozen, and lyophi-
lized. The specific density of this albumin 3D carrier 
in dry form is ~0.11 g/cm3, the total porosity of the 
biopolymer material is more than 85%, and the size of 
large communicating pores in the sponge equilibrium-
swollen in water varies from 50 to 150 µm [13]. The 
same carriers without the bioregulator, also freeze-
dried, served as the control.

The bioregulator was obtained from bovine blood 
serum (a commercial preparation used as a nutritional 
supplement for culture media, BioloT) by a method 
including proteins precipitation with ammonium sul-
fate, dialysis, concentration, and isoelectric focusing in 
a sucrose density gradient at pH 3-10. High degree of 
purification of the bioregulator was shown by PAAG 
electrophoresis and reverse phase HPLC [7].

In vivo experiments were carried out on male Wi-
star rats weighing 180-220 g. The animals were kept 
under standard vivarium conditions. Standard 2×4 mm 
defects in the femur diaphysis at a distance of 0.5 cm 
from the hip joint was created with a drill under ether 
anesthesia. The defects were filled with the test mate-
rials, 3D carriers with and without PPC, and the soft 
tissues and the skin were sutured.

The following experimental groups were formed 
(6 rats each): control (group 1; bone defect was not 
filled), implantation of the spongy albumin 3D carrier 
(group 2), and implantation of the spongy albumin 
3D carrier containing PPC in a final concentration of 
10—10 mg/ml.

The state of bone defects was studied on day 90, 
because delayed effects of the studied substances on 
restoration of the bone tissue can be evaluated during 
this period. On day 90 after surgery, the animals were 
sacrificed, the bone material from the defect area was 
isolated, fixed in formalin, decalcified, and embed-
ded in paraffin; histological sections (10 µm) were 
prepared, stained with hematoxylin and eosin, and 
examined under a light microscope. For microscopy, 

50 slides were prepared from each animal in the group 
(8 sections per slide).

RESULTS

Cryogenically structured material, macroporous cryo-
gel based on a non-toxic and biocompatible polymeric 
precursor BSA, was used as a 3D carrier for the os-
teoinductive bioregulator. This matrix was chosen be-
cause it is bioresorbable (is cleaved by proteinases) 
and more effective than alginate and chitosan sponges 
at the early stages of bone defect healing [1]. Cryogels 
loaded with PPC were tested as possible osteoinducers 
and osteoconductors in a model of an experimental 
bone defect in rats in vivo on day 14 after surgery [1].

At delayed terms (90 days) of healing, signs of 
bone-forming activity of different intensity were ob-
served (Fig. 1). It was most pronounced after implan-
tation of albumin 3D carrier containing PPC (group 3).

Thus, in the control group, complete restoration of 
bone tissue was not achieved (the defect was not com-
pletely closed) and dense bone tissue was not formed; 
the defect contained a newly formed loose spongy 
bone tissue with numerous blood vessels (Fig. 1, a, b).

In the case of using albumin 3-D carrier without 
PPC (group 2), the defect was completely closed. The 
newly formed bone was loose spongy, without foci of 
inflammation and blood vessels. Osteon lacunae were 
large, which indicates the formation of incompletely 
formed dense bone (Fig. 1, c, d), less dense than na-
tive bone tissue.

After implantation of the spongy albumin carrier 
containing PPC (group 3), the defect was completely 
closed with the formation of the bone tissue of differ-
ent degree of maturity: dense bone tissue, as well as 
cancellous tissue with elements of cartilage tissue in 
50% rats (formation of fragments of immature bone 
tissue with elements of cartilage tissue; Fig. 1, d, e). 
In other rats of this group, dense bone tissue was com-
pletely restored without intermediate stages of new 
bone formation. The presence of bone marrow cells in 
the newly formed bone is worthy of note. Fragments 
of dense bone tissue with small lacunae in the osteons 
were also seen.

The results suggest that implantation of the 3D 
carrier based on BSA and containing PPC isolated 
from blood serum ensured complete restoration of a 
large defect in the bone. The pattern of this repair 
corresponds to the processes of epimorphic tissue re-
generation. It should be noted that the formation of 
bone tissue in the area of the experimental defect oc-
curred by the mechanism of embryonic bone develop-
ment, because the formation of cartilaginous tissue 
and coarse fibrous tissue is noted at certain stages 
of recovery (Fig. 1, e). A similar mechanism of the 
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action of this bioregulator was also observed during 
skin regeneration in a model of wound healing in rats 
and mice [5]. This can be due to activation of cellu-
lar sources of connective tissue regeneration by this 
bioactive PPC [6]. Thus, in cases of extensive dam-
age to various types of connective tissues (skin, bone, 

cartilage, etc.), when their regeneration and restoration 
are difficult and are accompanied by the formation of 
a scar or callus, the use of 3D carriers containing a 
bioregulator isolated from blood serum leads to acti-
vation of reparation pathways with restoration of all 
structures typical of normal tissue.

Fig. 1. Histological picture of a cross section of rat femur in the area of the defect 90 days after surgery. Staining with hematoxylin 
and eosin. ×100 (a, c, e), ×400 (b, d, f). a, b) Group 1 (control), c, d) group 2 (implantation of albumin 3D carrier without bioregula-
tor), e, f) group 3 (implantation of albumin 3D carrier containing PPC). 1) Osteons, 2) bone marrow, 3) cancellous bone tissue, 4) 
dense bone tissue. Arrows show the defect area.
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