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A biologically active complex of polypeptides was obtained from fetal bone to stimulate chondrogenesis. Its

effectiveness was studied on the model of cartilage defect healing in rats. The biologically active complex was

isolated from the intercellular matrix of long tubular bones of dog fetuses (57 – 63 d of fetal development).

The resulting complex (0.1 mL volume) was introduced into a cartilage defect in 10 rats (experimental group).

Normal saline (0.1 mL) was injected into the defect in 10 animals of the control group. It was found that the

sizes of the defects in experimental animals on the 30
th
day of the experiment were statistically significantly

less than in the control group. The defect region was completely filled in animals of both groups on the 180
th

day of the experiment. However, the cartilage flexibility was statistically significantly lower in the control

than in the experimental group. It is believed that the intercellular substance of fetal bone tissue can be a

source of biologically active components that can stimulate reparative chondrogenesis (growth factors,

procollagen and/or its derivatives).
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Intra-articular injections of various drugs are currently

widely used methods for treating chronic inflammatory joint

diseases and their post-traumatic damage [1 – 3]. However,

the effectiveness of using them remains questionable [4].

Therefore, research on improving the effectiveness of drugs

by seeking new chondrogenesis stimulators, new combina-

tions of various active substances, and variation of adminis-

tration regimes of registered drugs is continuing [5 – 8].

Complex protein-containing preparations can be used ef-

fectively to treat osteoarthrosis [9 – 12]. However, few stud-

ies have focused on the use of intra-articular injected prepa-

rations to treat traumatic cartilage damage [13 – 15]. Fetal

bone tissue possessing the potential for both osteo- and

chondrogenesis could be a rather promising material for

seeking such preparations [16].

Therefore, the goal of the present study was to prepare a

biologically active complex of polypeptides from fetal bone

for stimulation of chondrogenesis and to study its effective-

ness on a model of cartilage defect healing in rats.

EXPERIMENTAL PART

The material was obtained from long tubular bones of

mongrel dog fetuses that perished as a result of asphyxiation

during birth (57 – 63 d of fetal development). In all in-

stances, the pregnancy proceeded without complications. All

fetuses had no visible signs of pathology.

The isolated bone was cleaned of traces of muscle tissue,

marrow, cartilage, and tendons, rinsed in distilled H
2
O

heated to 30°C, and ground to particle size �0.5 and

 0.1 cm
3
. Ground and rinsed bone tissue was placed into a

bottle made of material resistant to the action of inorganic ac-

ids and treated with HCl solution (0.1 N, seven times the vol-

ume of the material). The mixture at pH 1.5 – 2.5 was stirred

on a magnetic stirrer at 4 – 8°C. The extractant was corrected

with dilute HCl as necessary. The extraction continued for

3 d.
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Fig. 1. Histograms of damage zone in experimental and control rats: Damage zone, 30
th
day of experiment. Paraffin section, Mason stain. Con-

trol (a), experimental (b ); damage zone, 30
th
day of experiment. Paraffin section, Mason stain. Oc. 12.5, ob. 6.3. Control (c), experimental (d );

damage zone, 180
th
day of experiment. Paraffin section, Mason stain. Control (e), experimental ( f ).

TABLE 1. Parameters of Cartilage and Defect Zone of Rats at Experimental Times (Arithmetic Mean � Standard Deviation)

Time, d Parameter Control Expt. Intact

30 W 708 � 15 631 � 14
*#

-

D 1492 � 61 1246 � 22
*#

-

% 40.5 � 2.7 74.1 � 8.9
*#

-

F 1.060 � 0.115 1.302 � 0.125
*#

0.948 � 0.085

GUA 2.61 � 0.42* 2.98 � 0.22* 3.77 � 0.29

180 W 628 � 13 583 � 14* -

D 1177 � 17 923 � 12
*#

-

% 97.4 � 1.8 115.1 � 5.2
*#

-

F 0.546 � 0.059 0.734 � 0.092
*#

0.948 � 0.085

GUA 3.07 � 0.33* 3.18 � 0.31 3.77 � 0.29

Note: W, width of defect zone (�m); D, depth of defect zone (�m); %, percent replacement of defect by newly formed tissue; F, flexibility of

cartilage (10 mm
3
/g·s); GUA, concentration of glucuronic acids in blood serum (mM).

*
Statistical significance of differences vs. intact animals for p = 0.05;

#
statistical significance of differences vs. control animals for p = 0.05.



Next, the liquid from the bottle was separated from the

remaining bone tissue and filtered through filter paper. The

obtained solution was dialyzed against distilled H
2
O using a

CelluSep cellophane film for dialysis (USA) of pore diame-

ter <5 kDa. The dialysis continued until Ca
2+

in the coun-

ter-dialysate disappeared as confirmed by the reaction with

barium sulfate. Fragments of coagulated protein were re-

moved from the obtained dialysate. For this, the dialysate

was first centrifuged at 300 g. Then, the supernatant liquid

was filtered through filter paper and purified through a cellu-

lose acetate filter of pore diameter 0.22 �m. The purified so-

lution was placed into a heat resistant vessel and frozen at

–70°C.

Next, the obtained fraction was concentrated by

lyophilization in a HETO LyoLab 3000 low-temperature

vacuum dryer (Denmark). The lyophilized protein was her-

metically packed into glass vials and sterilized by a beam of

fast electrons at a dose of (18 � 5) kGy on an LUE-8-5M ac-

celerator (Russia) before administration to experimental ani-

mals.

The effectiveness of intra-articular injection of the dis-

solved lyophilizate into the knee joint of Wistar rats was as-

sessed. A conical bone-cartilage defect in the patellar region

of the femur was created in 20 animals. For this, a 1-mm di-

ameter dental drill was used. The drill was inserted through

the whole lateral cartilage to a depth of 1 mm into the

subchondral bone. The animals were aged 10 months. The

body mass was from 287 to 295 g. Experimental animals

(n = 10) were administered the prepared drug (0.1 mL) into

the joint cavity 7 d after modeling the defect. The

lyophilizate (1 mg per kg of animal body mass) was dis-

solved in normal saline (1.5 mL). The injected solution was

standardized for total protein content as determined by the

Lowry method. The protein concentration in the aqueous so-

lution was 25 g/L. Control animals (n = 10) were injected

with normal saline (0.1 mL) into the joint cavity 7 d after

modeling the defect.

Animals of both groups were withdrawn from the experi-

ment on the 30
th
and 180

th
days after modeling the defect

(five animals at each time). In addition, the test parameters

were studied in five intact animals (intact group). All animals

received during the post-operative period a standard bal-

anced food ration with free access to water. The general con-

dition of the animals, their activity, and demand for food

were visually assessed daily. The rectal temperature was

measured.

The study was performed in compliance with the princi-

ples of humanitarian handling of laboratory animals accord-

ing to the requirements of the European Convention for the

Protection of Vertebrate Animals Used for Experimental and

Other Scientific Purposes and European Parliament and Eu-

ropean Union Committee Directive 2010/63/EU dated Sept.

22, 2010 on the protection of animals used for scientific pur-

poses. The experimental study was approved by the Ethics

Committee of G. A. Ilizarov NMRC, Ministry of Health of

the RF.

Histological, biomechanical, and biochemical research

methods were used to assess the effectiveness of the studied

preparation.

Histomorphological studies used epoxide semi-thin sec-

tions of large area (6 – 8 mm
2
) perpendicular to the joint sur-

face that were stained with Methylene Blue and Methylene

Blue-Basic Fuchsin. Images of micropreparations were digi-

tized on a DiaMorf apparatus-program complex (Moscow)

and analyzed using the VideoTest-Master-Morphology pro-

gram to calculate the defect size.

The biomechanical flexibility of the damaged cartilage

was also assessed [17]. The concentration of glucuronic ac-

ids in blood serum was determined from the reaction with

carbazole [18].

The statistical significance of differences between two

sets was assessed using the Wilcoxon W-criterion for inde-

pendent sets [19].

RESULTS AND DISCUSSION

The rate of healing of the defect (decrease of width and

depth of defect zone) at the experimental times was found to

be statistically significantly faster in experimental animals

than in control animals (Table 1, Fig. 1). The concentration

of cartilage degradation products, i.e., glucuronic acids, was

significantly less in blood serum of control animals than in

intact animals.

It is noteworthy that cartilage was also more flexible in

experimental animals at both observation times although this

parameter by the 180
th

day was statistically significantly

greater than that of the control group but less than that of in-

tact animals. Also, the volume of newly formed cartilage in

experimental rats was 15% greater than the defect volume.

The outer edge of the newly formed tissue had small protu-

berances above the level of the joint surface (Fig. 1f ).

It is noteworthy that newly formed tissue in rats of both

groups was histologically fibrous connective tissue and had

the same source, i.e., marrow and osteogenic cells (Fig. 1c

and 1d).

The assessment of the general condition of experimental

animals during the experiment found an increase relative to

the pre-operative level of 1°C in the rectal temperature of

five experimental rats for 2 d after administration of the stud-

ied lyophilizate solution. Lethargy and reduced demand for

food were also noted at these times for all animals of this

group. Instances of unplanned deaths of animals did not oc-

cur in both groups.

Thus, the study showed that already on the 30
th
day of

the experiment (which corresponded to the 23
rd
day after in-

jection of the lyophilizate solution) statistically significant

differences in the condition of the damaged cartilage were

noted between animals of the experimental and control

groups. The sizes of the defects decreased more significantly
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in the experimental group at this time. The area of the defect

was practically completely filled in animals of both groups

as the observation time increased (to 180 d). However, the

flexibility of the cartilage in the control was less than that of

the experimental and intact animals. Furthermore, not only

was the defect in experimental rats fully replaced but also

cartilage hypertrophy in the defect zone was present.

Based on the research results, it could be supposed that

the intercellular substance of fetal bone tissue contained a

complex of biologically active components capable of stimu-

lating reparative chondrogenesis after traumatic damage of

joint cartilage. These potential stimulators in fetal bone could

be low-molecular-mass polypeptides such as growth factors

and immature collagen molecules (procollagen and/or its de-

rivatives).
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