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Abstract. To study the morphology of remodeling the chitosan-based three-dimensional
porous scaffold, containing bone morphogenetic protein-2 (BMP-2) for chondroinduction, the
experiments with heterotopic implantation using 28 Wistar rats were carried out. Scaffolds with
growth factor (n=12) or without it (n=12), against intact control (n=4) were implanted
subcutaneously. Classical methods of histology and morphometry as well as immune histochemical
markers (CD-68, CD-31, MMP-9, TIMP-1, and osteonectin expression), one used to investigate
zone of remodeling in euthanized animals at 4 and 8 weeks after implantation.

The BMP-2 application provides more intensive and rapid new cartilage formation from the
scaffold matter. The additional chondroinductive effect proved more intensive settlement and
proliferation of chondral cells in the regenerate, expression of chondral phenotype with the
building the hyaline-like matrix, and the supporting necessary balance between the matrix
metalloproteinases and their tissue inhibitors.

Keywords: cartilage tissue engineering; chitosan; MMP-9; TIMP-1; BMP-2; osteonectin;
macrophages.

Introduction. The essence of tissue engineering is the development and application of
biomaterials for transplantation to replace tissues and functions nave been partially or completely
lost. Materials and framing constructs (scaffolds), created for reconstructive cartilage surgery, are
no exception. In this regard, they should have complete biocompatibility, support the vitality of the
settled cells, transform into natural autologous matrix, and managed to change the structure and
properties in response to the action of environmental factors [1, 2, 3, 4].

Chitosan is deacylated form of chitin, which is widely distributed polymer of natural origin, it
has a majority of the above properties, as was shown to be biomimetic to the osseous and
cartilaginous tissues. Chitosan has gained popularity for various modifications of cartilage
engineered scaffold due to availability of commodities for its production and ease enzymatic
treatments to improve its physical and chemical properties [5, 6]. It easily forms copolymers with
other materials (silk, hydroxyapatite, polyalginate, polylactic acids, etc.), forming the porous
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composites with adequate mechanical properties and ability to adhesion and proliferation of cells
[7,8,9].

Initially high viscosity of chitosan solutions allows the use of various methods to create
three-dimensional porous scaffolds ranging from freezing-drying up to foaming gases, which
bubbles form the stable pores of up to 500 um in diameter. The necessity of creating porous
structures is determined by the mechanical, biochemical and physiological needs of prosthetic
tissue. Firmly-elastic properties of some chitosan-based scaffolds approach to values for the
trabecular bone, they can carry compressive loads up to 75 MPa. It was proved the influence of
pore sizes and thickness of chitosan membrane, forming a porous 3D matrix, on the quality of cell
adhesion, intensity of subsequent cell adhesion, proliferation and neoangiogenesis [7, 10]. Porous
surface of chitosan scaffolds ensure the efficiency of its use with options of surface spray and gel
fillers for additional stimulation of chondrogenesis.

The alignment of different growth factors in the area of implantation used to be similar
effective stimulant in cartilage tissue engineering. Many of growth factor (epidermal EGF, platelet
derived growth factor, transforming growth factor TGF-f3, and others), bone morphogenetic
proteins (BMPs), matrix metalloproteinases (MMPs) and their tissue inhibitors (TIMPs), as well
the majority of known cytokines it was proven to impact on chondrogenesis [2, 3, 6]. For the needs
of regenerative medicine, TGF-f and BMP-2 were most promising if they used as a temporary
tissue deposits (for 5-7 days following implantation) had provided additional chondroinductive and
chondroconductive properties of implants [11, 12].

Quite recently, Russian molecular biotechnologists have developed original method for
obtaining recombinant BMP-2 by highly efficient producer strain based on E. coli BL21(DE3). New
biomaterial have been created on its basis, and the activity of this factor have been shown both in
vitro, and on the model of ectopic osteogenesis in vivo [12, 13].

We felt it necessary to study experimentally the chondroplastic properties of this BMP-2 in
case of combination with chitosan-based scaffold, since it originally had precisely the ability to
chondroinduction.

Material and methods. The work was performed using 28 white rats Wistar weight from
240 to 290 ¢g. The experimental protocol corresponded to the ethical standards set out in the
International Code of Medical Ethics (1994), the Good Laboratory Practice (GLP) principles, the
Helsinki Declaration (2000) and the Directives of the European Community 86/609EEC.

Three-dinensional porous coin-like pellets were fabricated at the Bioengineering and
Bioinformatics Department of Volgograd State University (Russia) using commercial chitosan
product (Pharma Nutrients, USA). Fabrication included an additional cleaning and deacetylation of
the primary material in an oxygen-free medium under reduced pressure, washing out and slow
dehydration under conditions preventing cornification, resuspensing in the temporary medium,
and the formation of porous structure with using freeze-drying method. As a result of this
procedures the scaffolds of 5 mm in diameter, thick of 2 mm in the center, up to 1 mm edges, with
regular pore size of 70-150 mm were obtained [14].

Scaffolds were implanted under the skin in the area of the withers in rats, anesthetized by
intramuscular Zolethyl injection of 40 mg/kg of body weight. In the main group (12 cases) 2 mcL of
BMP-2-containing matter «Gamalant™-pasta-FORTE Plus» developed in Gamaleya Research
Institute of Epidemiology and Microbiology (Russia), were placed on the surface of each scaffold
before implantation evenly with 24 point touches of capillary needles (12 on each side). Developers
were previously shown good osteoinductive and osteoconductive effects of this stimulator during
application on bioactive implant surfaces placed in the bone tissue [12]. The second group
consisted of 12 animals which have similarly established implants without making a growth factor.

The dynamics of healing and scaffold remodeling traced through 4 and 8 weeks after
implantation. All rats were output from the experiment by Zolethyl overdose (200 mg/kg of body
weight), the pieces of tissue from the implantation area were taken for histological examination.
Eight pieces of subcutaneous adipose tissue of four rats being in standard conditions of the same
vivarium due to all experiment time, were studied as control samples.

The mobility in situ, the condition of surrounding tissues, the presence of supplying vessels,
the severity of adhesions, and degree of scaffold biodegradation evaluated immediately after
seizure of samples.
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Complete cycle of histological slide production includes embedding into Paraffin with the
STP 420 D dehydration/infiltration unit (Microm, Germany) and the EG 1160 modular embedding
station (Leica, Germany), microtomy with rotary system Leica RM 2255 (Leica, Germany), staining
with Link 48 and cover slipper (Dako, Denmark), microscopy and digital photomicrography with
Leica DM 4000 (Leica, Germany). To stain slices classic hematoxylin-eosin and Masson's
trichrome protocols were used, to reveal density of tissue matrix toluidine blue was applied [15].
Immunohistochemical study included the identification of cell numbers sach as vascular
endothelium (CD31), macrophage/osteoclasts (CD-68), osteoblasts and osteocytes (Osteonectin),
and chondral cells (MMP-9, TIMP-1). Commercial Ready-to-Use Kits of Dako (Denmark) and Leica
Mycrosystems (Germany) were applied.

Morphometric analysis was performed using the software ImageJ (USA). Specific density of
matrix (CU), the volume fractions of the tissue compartments in a regenerate (%), and numerical
density of single cells (1/mm3) were determined quantitatively. Processing of these data have
performed using Statistica 6.0 (StatSoft Inc., USA) software with common requirements for
biomedical research. To analyze the differences between the samples Mann-Whitney criterion was
used.

The results of the study. After 4 weeks the resorption of more than half of chitosan
matter was noted in the group with BMP-2 application, and dense mixed regenerate have formed
on this place. Morphology of the regenerate had bright structural variability and polymorphism of
the cellular elements. Resorption of the surface layers of scaffold was accompanied by the growth
of connective tissue elements with an abundance of extracellular chaotically oriented matrix and
the presence of vessels. Deeper layers contained in the islets of hyaline-like cartilage, surrounded
by connective tissue (Fig. 1A).

In the comparison group the scaffold bioresorption was no less intensive, but the number of
cartilaginous elements in the regenerate was noticeably less.

At the 8t week the study of tissues regenerate confirmed almost complete bioresorption of
scaffold matter. The layer of connective tissue remained on the surface of regenerate, it was slightly
thicker, more dense, and with fewer vessels. Chitosan particles were diffusely distributed in the
volume of the regenerate and surrounded by macrophages with morphological features of active
phagocytosis. Focuses of previously formed cartilage became stronger and merged among
themselves, as a result the main mass of regenerate was presented by newly hyaline-like cartilage
with small areas of fibrous connective tissue. Small groups of chondrocytes resembling small
clusters could be found (Fig. 1B).

In two cases out of five, we observed the presence of small osteogenic islets in the surface
layers of regenerate, have been in contact with the vasculature of surface capsules.
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Figure 1. The place of remodeling porous chitosan scaffold with surface stimulation by BMP-
2. A. 4 weeks. Mixed regenerate with a prevalence of fibrous cartilage and fragments of resorbing
chitosan. Stain with hematoxylin and eosin. x 120. B. 8 weeks. Portion of hyaline-like cartilage in
the stage of intensive remodeling. Stain with hematoxylin and eosin. x 480.

In the comparison group the scaffold bioresorption culminated in the formation of mixed
regenerate with a prevalence of fibrous cartilage. Macrophages, often in groups of 3-5 cells, were
detected on the surface of the non-resorbed polymer particles, captured chitosan fragments were
frequently identified in their cytoplasm.

Data of classical morphometry are presented in table. 1.

Table 1
Quantitative morphological indicators of the regenerate after heterotopic implantation of chitosan
scaffolds in rats (M +m)

. Timing of the experiment
Indices Group Controls 2 weeks 8 weeks
Chitosan Main 0 372+25 6,9+0,5
volume fraction, % Comparative 39,8+27 53+04*
Connective tissue volume Main 455+29 28,1+2,2 151+14
fraction, % Comparative T 34,0+ 2,6 290+23*
Cartilage Main 0 27,3+24 66,9+49
volume fraction, % Comparative 128+10* 52, 7+41*
Specific density of Main 0.25 + 0.04 0,53+ 0,06 0,68 + 0,07
matrix, CU Comparative e 0,38 + 0,04 0,45+ 0,05*

* significant differences between groups.
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As can be seen from the presented data, for 8 weeks after implantation the volume fraction of
the cartilage in a regenerate on the place of chitosan scaffold increased to 52.7% without the use of
BMP-2, and to 66.9% when growth factor had been used (P<0.05). This was accompanied by a
more intensive and complete resorption of chitosan matter. The specific density of the cartilage
matrix provided in the experimental group 1.51 times more than the rate value in the comparison
group.

The data about the expression of the investigated immune histochemical markers are given in
table. 2.

At 4t week numerical density of CD68+ cells mainly represented in regenerate by
macrophages, increased in the main group in 14.8 times and in the comparison group in 16.5 times
against the rate value in surrounding tissues. Later, the number of macrophages declined
dramatically, but it still exceeded the values in the subcutaneous tissue in 5.9-6.8 times without
significantly differinces between experimental and comparison groups. These data showed that the
use of BMP-2 was almost not influence the intensity of macrophage reactions due to chitosan
scaffold remodeling.

Table 2
The expression of different immunohistochemical markers in regenerates
after heterotopic implantation of chitosan scaffolds in rats (M £ m)

. Timing of the experiment
Indices Group Controls 7 weeks 3 woeks
Main 724 +£432* 290 +16,8 *
- 3 ) b
CD-68+ cells, /mm® | o\ b arative 49%3,2 807 + 46,5 * 331+23,4*
CD31+ cells, Main 0.17 + 0.03 0,35+0,05* 0,22 +0,04*
CuU Comparative T 0,64 £ 0,07 *# 0,47 £ 0,06 *#
MMP-9+ cells, Main 0 1152 + 57,1 2739 £ 1235
1/mms3 Comparative 743 £ 40,8 # 1794 + 80,2 #
Main 118 +7,4 1634 +£73,2
- 3 d !
TIMP-1+ cells 1/mm? | o b arative 0 205 + 12,6 # 1029 + 58,0 #
Osteonectin+ cells Main 0 0] 0,24 +0,03*
CuU Comparative 0] 0,11 + 0,02 *#

* significant differences between groups.

The degree of vascularization estimated from the total brightness of immune- positive
material (CD31+ cells) also was the highest at 4th week of the experiment. It was higher in 2.1 times
after using the BMP-2, comparing to 3.8 times in group without it (P<0.01 between groups).
Similar but less drastic changes have been revealed at 8" week of experiment. So, the adding
growth factor reduces the intensity of vascularization due to chitosan scaffold remodeling.

The number of chondrocytes synthesizing MMP-9, increased between the 4t to the 8t week
of the experiment, and numerical density of cells was on those dates higher in the main group in
1.5 times higher than in the comparison one. The maximum expression of MMP-9 was revealed in
chondrocytes, surrounded by newly hyaline-like matrix, which have been an evidence of intensive
tissue remodeling (Fig. 2A).

At the 4t week of the experiment cells synthesizing the tissue inhibitor of metalloproteinase 1
(TIMP-1+ cells), were few in the regenerate, but by the 8t week their number had increased, so the
ratio MMP-9+ : TIMP-1 had become of 1.7 : 1 in both groups. TIMP-1+ cells were localized in the
thickness of the newly cartilaginous tissue (Fig. 2B).
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Figure 2. The place of remodeling porous chitosan scaffold with surface stimulation by BMP-
2. A. 8 weeks. Numerous cells with high expression of MMP-9 placed in the zone of the newly
formed cartilage. MMP-9-spesific monoclonal antibodies, immunoperoxidase assay. x 480. B. A
smaller number of cells with high expression of TIMP-1 in the same zone of the regenerate. TIMP-
1-spesific monoclonal antibodies, immunoperoxidase assay. x 480.

Co-localization of these markers in the regenerate evidenced on the integration of up-
regulatory mechanisms of remodeling the neo-formed cartilage on the place of chitosan scaffold.

Osteonectin expression reflecting the presence of osteogenic elements was revealed in
regenerates not earlier than 8™ weeks after implantation, it was slightly higher in the main group.
Osteonectin-positive substances were localized mainly around capsular vessels of regenerate,
which was a consequence of osteoinductive activity of BMP-2. This fact is not a cause to concern if
these scaffolds used for replacement of cartilage defects, because the conditions of tissue healing in
the joint excluded osteogenesis, except osteochondal zone where this had a positive effect for
tissue-engineering design.

Discussion. Since the chondroinductive effect of porous chitosan scaffolds no doubts and
was repeatedly confirmed [5, 7, 10, 12], the main task was to find out main effects of small BMP-2
guantities after it's submit to the surface of the implant immediately before implantation. It is clear
known, the initial processes in scaffold matter are inconceivable without migration and activation
of tissue macrophages. These cells are able not only utilize a scaffold matter, but also develop a
wide spectrum of cytokines and other signal molecules, causing stem cells and different immature
cells to move from surrounding tissue in scaffold, proliferate, and transfer to chondral phenotype
[3,9, 16].

Bone morphogenetic proteins play a vital role in controlling the proliferation, differentiation,
phenotypic expression (synthesis of collagen type 2, aggrecan, MMPs, TIMPs etc.), and life cycle
duration through the classic Wnt/B-catenin signaling pathway activation and the expression of NF-
kB factor [11, 17, 18]. In relation to explored model the BMP-2 adding led to significant growth of
chondral cell number and results of their function in regenerates. One can see high expression of
matrix metalloproteinases and their inhibitors in tissue on the place of scaffold implantation.

9
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The sequence of MMP and TIMP activation in the tissues regenerate testifies about running active
processes of tissue remodeling already after primary substitution of scaffold matter, which was a
feather of restoring natural processes of cartilage matrix renewal.

Conclusion. Three-dimensional porous chitosan-based scaffold improved to have high
capacity for chondroinduction, resulting in formation of fibrous cartilage with a moderate quarter
of hyaline-like cartilage on the place of heterotopic implantation for 8 weeks. By surface adding
nano-quantities of BMP-2 it can significantly improve chondroinductive properties of chitosan
scaffold, as a result, the main volume of the regenerate after heterotopic implantation, judging by
the cell representation, MMP-9 and TIMP-1 expression, and density of matrix is presented by
hyaline-like cartilaginous tissue, close in composition and properties of natural hyaline cartilage.
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PexomOuHaHTHIN BMP-2 cTHMy/IMpyeT peMoe/IMpOBaHUE MTOPHCTON MaTPHUIIbI
Ha OCHOBE XUTO3aHAa B TNAJTHHOIIOZOOHBIN XPAIIL:
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Crapuuii 5SMOpHOJIOT

AnHOTamuA. B b5KcmepuMeHTaX C HUCHOJIb30BaHHEM 28 OesbIX KpbIC H3Y4dald
JIOTIOJTHUTEJIbHBIE BO3MOXKHOCTU XOHAPOUHAYKIINY 32 CUET BHECEHUS MAJIBIX KOJIUYECTB KOCTHOTO
Mop@dorenerndeckoro 6Oenka BMP-2 Ha moBepXHOCTh NOPUCTHIX CcKahGOIAOB HA OCHOBE
Mo unupoBanHoro xuro3ana. Ckaddomasl ¢ pakropom pocra (N=12), 6e3 Hero (N=12) yepes 4
U 8 HeziesIb MIOCJIe TeTEPOTONMNYECKOW HMIUIAHTAIMU U TKAHU MOJKOXKHOU KJIETUATKU MHTAKTHBIX
kppic (N=4) OBUTM U3Yy4YEHBI C UCIIOJIb30BAHUEM KJIACCUUYECKUX THCTOMATOJOTHYECKUX U
MOp¢dOMeTpUUYECKUX MeTO/I0B, a TaKKe IIPU UMMYHOTUCTOXMMUYecKoM BblsaBiaeHuu CD-68, CD-31,
MMP-9, TIMP-1 u ocreoHekTruHa. B pesynbraTe wuCCIeLOBaHUA YCTAHOBJIEHO, YTO
npeaBapuTesibHoe BHeceHne BMP-2 Ha moBepxHOCTh ckaddosg0B  COMPOBONKIAAETCA
JIOTIOJIHUTEJIbHBIM ~ XOHJPOWHAYKTUBHBIM  3(h@EKTOM, KOTOpPBI 3akjimuaerci B 0Oosee
VHTEHCUBHOM 3aceJieHMd W Mnposudepanid B pereHepare KJIETOK XOHJPAJIbHOIO pAJa,
SKCIPECCUH XOHJIPAJIBHOTO (PEHOTHIIA C MOCTPOEHHEM MAaTPUKCA THAJMHOIOIOOHOTO XpAIa U
YCTAaHOBJIEHUHM HEOOXOAMMOTro Oayianca MeXAy MaTPUKCHBIMH METaJ/UIONPOTeNHAa3aMH H KX
TKAHEBBIMU UHTUOUTOPAMH.

KiaroueBble cjoBa: TKaHeBad WHXKeHepHUA XxpAmia; xutoszad; MMP-9; TIMP-1; BMP-2;
OCTEOHEKTHH; Makpodarmu.
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Abstract. A method of pre-sowing treatment of seeds by pulse pressure which is
characterized by high intensity and accuracy of dosage has been proposed. Pulse pressures in the
range of 11-29 MPa did not lead to acute lethality determined by phosphorescence at room
temperature. So there was no elimination of unproductive individuals but pulse pressure
stimulated physiological processes in seeds and plants, leading to increased yield. Changes of
germination, growth, and distribution of substances as well as plant productivity were observed.
Generalization and analysis of experimental results demonstrated zones in dose-dependent area,
such as the zone of hormesis (11-17 MPa), transitional zone (20-26 MPa) and stress zone (29 MPa
and more).

Keywords: Fagopyrum esculentum Moench.; plant stress; phosphorescence at room
temperature; seed germination; growth.

BBenenue. B Hacrosmiee BpeMsa aKTUBHO pa3pabaThIBAIOTCS HOBBIE IIOJAXOABI B
OMOTEXHOJIOTUN M OMOWH)KEHEPUU PACTEeHUH, HalpaBjeHHbIe Ha HanboJjiee MOJTHYIO Pean3aIuio
ImoTeHnuasia IIPOAYKTHBHOCTH paCTeHHﬁ, IJIA 4Yero cpeaud IIpOYuX METOAJOB HCIIOJIb3YIKOTCA
CTUMYJIATOPBI pocTa pudnueckour nmpuposbl [3; 16; 2]. FI3BeCTHB 3aBUCUMOCTA OHOJIOTHYECKOTO
apdexra oT 103bI BO3JEHUCTBUS, OJHAKO CYIIECTBYeT ITpobJieMa pa3HOHAIPABJIEHHOTO JIEUCTBUSA
OOJIPIIMX W MAJIBIX JI03, BBI3BIBAIOIIUX COOTBETCTBEHHO HeaNaNTHBHBIE (IIOBPEXKIAEHWE) WU
aZlaliTUBHbIE peaknuu. B mociyielHEM ciydae pas3BUBAETCs 3alporpaMMHPOBAaHHAs peakIlusd,
JlafoIias BO3MOKHOCTb ITPUCIIOCOOUTHCA K BHEIIHHUM YCJIOBUAM. [IpobsieMa CTHMYJIHPYIOIIETO
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JericTBuA (pu3nuecKux (PaKTOpPOB [0 CHX IOp He pelleHa OKOHYAaTeJIbHO, HECMOTpS Ha
MHOTOYHCJIEHHBIE HccyIenoBanus [7; 12].

Konnenmusa ropmesuca — 3d@derra CTUMYIAUU OT HEBBICOKMX 703 — BO3HHUKJIA B
MEIUITUHCKON (U3MOJIOTUN U TIPE/CTaBjsAeT UHTepec /I MOHUMAHUA JIeUCTBUA (PU3UUECKUX
¢dakTopoB. BHemHuii GaxkTop B OIpeAESEHHBIX IpefeTaXx CTUMYJIUPYeT KOMIIEHCATOPHO-
pUcnocoOUTeIbHbIE MEXaHU3Mbl OPTaHM3Ma U aJANTalNI0 ero (PyHKIHH K HOBBIM YCJIOBUSM.
Ha coBpeMeHHOM ypOBHe 3HaHUM HaunboJiee M3YUYEHHBIM SABJIAETCA MEXaHU3M paualnliOHHOTO
ropmeswuca [7].

OKCIIEDUMEHTHl IOATBEPKJAIOT CYIIIECTBOBAHHE /JIBYX MeTAacTaOWIbHBIX COCTOSHUM,
BO3HUKAIOIINX Y PacTeHUU MO/ JieficTBHeM (paKTOpPOB pa3HON MHTEHCUBHOCTH. /Iy1sl 00BACHEHUA
HCITOJIB3YIOT THIIOTE3Y O HAUIMYUU «TPUTTEPHOM» CHUCTEMBI BOCCTAaHOBJIeHUs. [10/1 GMoI0rnUecKuM
TPUITEPOM ITOHUMAETCS BO3MOKHOCTD IIEPEX0/Ia KJIETKHU U3 OHOTO COCTOSIHUA B Apyroe [14], uro
COOTBETCTBYET HECKOJIBKHUM YCTOWYUBBIM CTAllHIOHAPHBIM COCTOSTHUSM CUCTEMBI. YIIPaBJIAIOT
TPUTTEPOM MHOTHE (PaKTOPBI, B TOM UHCJIe MeTaboInyecKue N3MeHeHU .

CraOWwIbHBIMHM ABJIAIOTCA HOPMaJbHOE U CTPECCUPOBAHHOE COCTOSHUE, a IIepexof
ocylllecTBJIsIeTCsl 4Yepe3 HecTabmibHOe cocrosHue. [losTomMy yBesnueHue BapuabesbHOCTU
ABJIIETCA KpUTEpUeM Ilepexo/ia KJIETKH OT HOPMAaJIbHOU JKU3HEJEeATEeJIbHOCTH K CTpeccy.
Jly1s1 BO3BpAIllEHHsI TPUITEPA B HCXOJHOE COCTOSHUE IIOCJIE €r0 BKJIIOUEHHS B OHOJIOTHYECKUX
CHUCTEMax HeJOCTaTOYHO IIPOCTOTO NIPHBEEHUS BEJIWYUHBI YIIPABJAIOIIETO IapaMerpa K
HCXOHOMY YpOBHIO. CyIliecCTBOBaHME TPUTTEPHOU CHCTEMbBI BBITOHO JIJIsI pACTEHUA. 3aTPy/ITHEHUE
mepexo/ia U3 OJTHOTO COCTOSIHHSA B IPYTOE MPH IMMOPOTOBOM BO3/IEMCTBUU IPEAOXPAHSAET KIETKY OT
«IIOCHEIIHBIX» perteHui [14].

Ha pacrenus meiicTBOBasin UMITyJIbCHBIM maBieHueM (M) [13], Bo3HuKawomuM npu
pacIpOCTpAaHEHHUH YIAPHOUM BOJIHBI, KOTOpas CO3/1aeT 0ObEeMHOE CXKATHE B TE€UEHHE 14—25 MKCEK.
JlaByieHVe BiHsET HA TOTJIOIIEHUE BOZAbI [4], ¢aosmublil Tpancnopt [5], TpancmopT rasos [1],
dopmupoBanue TKaHed [11], poct u passutue [8]. U]l ycmwiamBaeT pocT U HPOAYKTHBHOCTH
pacrenwuii [10].

Ienpto  sABisAeTcA  HUCCIENOBAaHHE  BO3MOXKHOCTEH  SIUT€HETUYeCKOro  yIpaBJIeHUs
Mop@doreHe3oM pacTeHUIl I'PeYyrnXy Ha OCHOBAHUU BBIABJIEHHON 3aBUCUMOCTH (U3NOJIOTUYECKUX
0cobeHHOCTeH U MPOJyKTUBHOCTH PacTeHUH oT napamerpos W/I.

Marepuaabt u wmetoabl. Cemena rpeuunxu (Fagopyrum esculentum Moench.)
obpabateiBastn MJ] 11, 23 u 29 MIla. I[Ipu leToHaIM B3PHIBYATOTO BEIlECTBA BO3HUKAET y/IapHas
BOJIHA, KOTOpas IepefiaeTcs Yepe3 BOAYy Ha ceMeHa U cOo3/laeT OOBbEMHOE CXKaTHe B TeueHue 14-25
MKCEK.

N/1 Ha ¢ppoHTe yAapHOH BOJIHBI pacCYUThIBAIN 110 hopmyJte [13]:

1 \L13

3
o _533|
R

)
rae P — nasienne, MlIla; Q — macca 3apsjia B3pbIBYATOTO BEIECTBA, KI; R — paccTosHUE OT
IIeHTPa B3PbIBA JI0 IIOBEPXHOCTHU CEMSIH, M.

OOpaboTKy ceMSH MPOBOJWIA B COOTBETCTBHU CO CXEMOM, IIPUBEJIEHHOU Ha puc. 1. Ha gHO
KOHTeHepa W3 HepskaBelolled cTamu (1) YKJIaabIBaJil IOPOJIOHOBBIE KacceThl (2) C CyXUMHU
ceMeHaMu (3), 3aKPBITBIMH CeTYaThIM MaTepuasioM. KoHTelHep (1) 3amosHsSIN BOJOH (4).
B KOHTeliHepe 1O/, BOJOU 3aKpeIUISIM BOJOCTOMKOE B3PBhIBUATOE BelecTBO (5) ¢ Maccoil Q Ha
paccTossHUM R OT IMTOBEPXHOCTU CEMSIH B COOTBeTCTBHU ¢ popmysion (3). TosmuHa ¢aos1 BOABI HaJL
IIOBEPXHOCTBIO CEeMsH cocTaBjsiia 7-13 cm. 3areM IPOU3BOAWIM JIETOHAIIMIO B3PBHIBYATOTO
BEIIECTBA IPH MOMOIIU 3JIeKTpoieToHaTopa (7). B kKaxk/moi KacceTe HaXOIUJIOCh /IO 500 T CEMSIH,
YTO SABJISIJIOCH OTHOU MIOBTOPHOCTBIO JIJISI BCEX HMKENBJIOKEHHBIX SKCIIEPUMEHTOB.
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Puc. 1. Cxema ycTpoiictBa 11 06pabotku cemssH M/[. O603HaYEHHA CM. B TEKCTE

ITocsie 06pabOTKH ceMeHa BBICYIINBAIN B TEUEHHUE 24 Yac IPU KOMHATHOU TeMIIepaType 70
BO3/YIIIHO-CyXOTO COCTOAHUA. KOHTpOJIbHBIE ceMeHa 3aMaulBaIM B BOJle B TedeHUE BPEMEHH,
COOTBETCTBOBABIIIETO IPOJOJLKUTEILHOCTH MNpPeObIBaHUA B BoZAe ceMsH mpu obpaborke U/, u
noacymuBa. Croco6 00paboTKu ceMsiH 3amareHToBaH [13]. JIocTOMHCTBOM MeTOia SIBJISETCS
BO3MOXXHOCTb TOYHOM /IO3UPOBKM  BO3JIeMICTBUA, YUYWUTHIBasA €ro YHUKAJIBHO MaJIyIO
IIPOJOJIKUTEIBHOCTD.

Onpenesnerue Bcxoxkectu npoBoguau  comtacHo TI'OCT  12038-84 290  «Cemena
CeJIbCKOXO3SIUCTBEHHBIX KYJIBTYp. MeTozpl ompesesieHuss BexoxkecTu». Otbupanu ¢pakiuio
YHCTBIX BBIMIOJIHEHHBIX ceMsAH. UeThIpe-IATH HNPoO MO 100 ceMsAH B KaXKJI0W IPOpaI[UBaIN B
KIOBETe HA BJIAKHOW (QUIBTPOBAIBHON Oymare, KIOBETY B3aKpbIBald cTekjaoMm. Ilpu yuere
BCXOJKECTH OT/IEJIbHO IO/ICUUTHIBAJIM HOPMAUIBHO IIPOPOCIIHE, a TaKXKe HAOyXIue, TBep/AbIe
(memmpopocliire) ceMeHa 1 HeHOPMAaJIbHO IIPOPOCIIINE — HEBCXOXKUE ceEMeHa. 3a pe3ysIbTaT aHAIN3a
NpUHUMAJIA CpeJlHee apudMeTHUYeCKOe pe3yJbTaTOB  ONpeAeJeHUA  BCXOXKeCTH  BceX
MIPOAHAJIM3UPOBAHHBIX P006. YcsioBusa npopamuBanusa cemsaH rpeunxu no I'OCT 12038-84 290:
TeMIeparypa 25 °C, TeMHOTa, BpeMsI IPOPAIIUBAHUA JJIs1 ONIpe/ieJIeHUs BCXOKeCTH — 8 CyT.

ITpoBoguiu uccienosanue docdopeciieHnnN npu KoMHaTHOH Temmnepartype (DKT) [17].
Ja perucrpannuu @PKT cemena npeiBapuTeIbHO BBIAEPKUBAIN B SKCUKATOPE HAJ| CUIINKAreJIeM B
TeueHHe 24 Yac i yJajJeHus coOpOMpOBaHHON u3 Bozayxa BoAbl. C ILUIOZOB rPeUYUXy CHUMAIU
okosomwnoHuK u omnpenensiin ®KT (pH 3, uyBCTBUTENIBHOCTD 5) B OTH. €/I. B KaXkJloM BapuaHTe
HCIIOJIb30BAJIN 3 IIOBTOPHOCTHU 110 50 ceMsAH. Vceienosanu pazinnuusa B Bappuposanuu OKT ceman
noy pevictBuem W], 3navenuss KT B mpezenax BapuamMOHHBIX PSZ0OB PACHpPEAEsIsIA TI0
8 kimaccoBeiM mHTepBasiam: 0..4, 11...20, 21..30, 31..40, 41..50, 51...60, 61...70, CBbIIE 7O.
KosnuecTBO BapuaHT, OTHOCAIIUXCA K KAXKJ0MY KJIACCOBOMY MHTepBaJsly, OTpaKajiu Ha rpadukKax.
B npezenax kax70ro BapuaHTa OIBITA CPAaBHUBAJIU JPYT € APYTOM OTZeJIbHble OBTOPHOCTH IO
KpuTepuio 2. Uucso crerneHed cBOOOBI N' = 7, KpUTHYECKHE 3HAUEHUs KPUTEPUS Y2 COCTABJISAIOT
14,1 (P = 0,05); 18,5 (P =0,01); 22,6 (P = 0,002).

Omnpenenanu Cyxyro Maccy 4yacTed pacTeHHMH IIyTeM BBICYIIMBAaHUA NP TeMmieparype 130°C
J10 TIOCTOSTHHOU MacChl, B3BELINBAJIN C TOYHOCTHIO /10 0,1 MT. VcciiejoBaHUA IPOBOJUIIN B YEThIPEX
OHMOJIOTHUYeCKUX TOBTOPHOCTSIX.

3Hasg M3MeHEHUs CyXoW Maccel pacreHuid W, mr 3a mepuop, Bpemenu (t — ti), cyr,
PaCCUUTBHIBAIN OTHOCUTEIBHYIO CKOpOCTh pocta (OCP), r-(1-cyT):

OCP — InW, —InW, -

tz _tl
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Jlma  maremMaTuyecKoro ONHMCAHUA pocTa Ucnoab3oBain (QyHkimuio b. Tomneprtia,
MI03BOJIAIOINIYIO OIPEIEINTh KDUTHIECKHE TOYKH pocTa pacteHui [9]. ITo sMmupudeckum JaHHBIM
(mmHA rnaBHOro mobera) crpowin Tpaduk (PYHKOMHM, KOTOpas MpeAcTaBjseT coboM
aCUMMETPUYHYIO S-00pa3Hyl0 KPUBYIO C PACTSHYTON BepxHel BeTBbI0. Popma 3ammcu Gopmysibl
VMeeT BU/:

A

y _ 1010a+bx , )

r7iIe A — OKOHUaTeJbHas JUIMHA mobera, cM; X — BpeMsl, MpOoIIeIiee ¢ Hayajaa pocTa, CyT; a u b —
KOHCTAaHTHI, onpeziesisatone GopmMy KpUBOMH, Iy — BBICOTA PACTEHUU B MOMEHT BPEMEHU X.
ITocsie aTOTO pacuera onpenessiid CKOPOCTh POCTa KaK MTPOU3BOAHYIO Y -
b
y’:—z-lgl-y @)
(Ige) ~A

Ha rpadwukax, mpuBefieHHBIX B paboTe, yKa3aHbl SMIIUPHUYECKHE 3HAUYEHUs — CpeIHUE
apudMeTHYECKHE U UX CTaHZAPTHbBIE OITUOKH, a TAK)Ke TEOPETHYECKHE KPUBbIE POCTA U CKOPOCTH
pocra, paccunTaHHble 110 popmysam (3) u (4).

HccnenoBanu CTPYKTYpY yposkasi pacreHud. [IpoBOAMIM MEJIKOJEJITHOUHBIE OIBITHI HA
IUIOIIAAN 10 M2 B 4-KpaTHOU MOBTOpHOCTH. CeMeHa CesuTd, ONpeAeTuB IIPeBapUTETLHO Maccy
CEMsIH, KOTOpas JIOJ’KHA OBITh BhICESAHA HA 1 M2 C TEM PAacyeToM, YTOObI HA 3TOU IUIOMAAN OBLIO
33/JaHHOE 4YHUCI0 BCxOxkux cemsaH. [lockosbky U] Oka3pIBaeT BJIMSAHUE HA BCXOXKECTb CEMSH,
BBIPDABHUBAJIM IIOCEBBI MO KOJIMYECTBY BCXOXKHUX CeMsH (200 pacreHuii Ha 1 Mm2). Ilocie
ompesiesieHUs J1ab0PATOPHOU U IOJIEBOM BCXOXKECTU CEMSH PACCUYUTHIBAIN HOPMY BbICEBA BO BCEX
BapuaHTax ombiTa. Ha 1 M2 nensitHku pazmepoM 1 m %10 m jymmHA psga Obaa 1 M, PacCTOSHUE
MeK/Ty COCETHUMH psnamu — 15 cm (psaoBo# cocob moceBa), B JJIMHY PacIoyIarajioch 70 PsIoOB.
Ecin BCXOKeCTh CEMSIH B OIIBITE HE OTJIMYAIach JOCTOBEPHO OT KOHTPOJISI, HOPMY BBICEBA HeE
YBEJTUUHBAJIH.

Pesysnbrarel u  o0OcCy:xkaeHHe. Pe3ynbTaThl, IIOJyYEeHHbIE TIPU  MHOTOJIETHHUX
HCCIEeZIOBAHUAX BCXOXKECTU CEMSH I'PDEYUXU, MO3BOJIMIN BBIABUTh 3aKOHOMEPHOCTH, KaCaIol[Uecs
peakIuu ceMsiH pa3Horo ¢pusnoorudeckoro cocrosuus va UJ1 (puc. 2).

100
80

60
40

20 A

Bexoxkecerb, %

0

0 8 11 14 17 20 23 26 29 35
JlaBnmenue, Mlla

Puc. 2. I3aMeHeHne BCXOXKECTU CeMAH I'peunxu noj Bauaauem N/I.
O003HauYeHUs CM. B TEKCTE

Ha pwuc. 2 mokasaHo, 4TO y ceMsAH ObLia OOHapy:kKeHa HEMOHOTOHHAs 3aBHUCUMOCTH:
BCXOXKeCTh He U3MeHsIach B UHTepBasie 0-14 MIla (puc. 2, a), 3aTeM 3aKOHOMEpPHO yObIBajia B
nuamazone U] 17-26 MIla (puc. 2, 6), npuuem npu 23 MIla ObLiM BBIABIIEHBI 3HAYUTEIbHBIE
kosnebanwus. [Tpu 11 29 35 MIla (puc. 2, B) aMIUIUTy/1a KOJIe0aHUHM CHUKAJIach, & BCXOXKECTD JaKe
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HECKOJIPKO yBennmuuBatach npu 29 MIIa. IIpu skcTpeMasibHO BBICOKUX JABJIEHUAX HE YIAJIOCh
nobuTthesl 100 % THOENN BceX ceMAH. AHQJIOTUYHBIE JIaHHbIE XapaKTepHBbI I JIeHCTBUSA
WOHU3UPYIOIIEN pajyuauy Ha ceMeHa [7].

Konebanus Bcxoxkectu rpeunxu npu M/] 23 MIla yka3pIBajio Ha UX Ilepexo7] B HeCTaOWIbHOE
COCTOSIHME, a JajibHellllee CHIKEHHE aMIUIMTYAbl 3THX KOJIeDaHUU CBUJETEIBCTBOBAJIO O
repexo/ie B KaueCTBEHHO MHOe COCTOsIHUE — cTpecc [14].

Jlnsi  BBIABJIEHUS TPUYHH CHIDKEHUS BCXOXKECTH ObLIO
docdopecuentuu npu komHatHO# Temiieparype (PKT) cemsaH rpeunxu.

Koadbdumuent koppensanuun Mmexay Bcxoxkectbio 1 O®KT cocrasisier -0,94 + -0,98 [17].
B maptusax Beiessor 3 ¢paknuu mo Mmepe Bo3pactanusa QKT (I — cemeHa, 13 KOTOPHIX BBIPACTAIOT

IIpoOBEAEHO HCC/IEJOBAHUE

HOpMaJIbHble IPOPOCTKY, || — ceMeHa, 13 KOTOPBIX BBIPACTAIOT IIPOPOCTKU ¢ MOP(OJIOTUUECKUMU
nedexramu, Il — mnpeumymectBeHHO MepTBble cemeHa). Bemmumna @OKT ob6partHo
MMPOTIOPIIMOHAIbPHA BJIAYKHOCTH ceMsIH (TabJI. 1).
Tabauya 1
CootBercrBue KT u B1a>KHOCTH CEMAH I'PeYnxu
NunTepBan CBBIIIIE
10 OKT 5-10 11-20 21-30 31-40 41-50 51-60 61-70 70
BaakHoCTB, 7,50 + 6,61 + 6,55 =+ 6,26 + 6,15 + 5,10 +- 4,65 + 4,24 +
% 6,65 6,56 6,30 6,18 514 4,50 4,23 4,17

Pesysipratel uccnenoBanusa BauAHuA W]l Ha OKT cemaH rpeynxu nNpuBeleHbl Ha pHC. 3.
Pacnipeniesienne B koHTpOJIe (puc. 3, KpUBas 1) UMeJIO BUJ KPUBOU C AByMA MakcUMyMaMmu (5...10 U
31...40 OTH. €]I.), KOTOPBIM COOTBeTCTBOBaIU ceMeHa | u |l ppakiuii.

Pacnpenenenne mpu M/1 11 MIla (puc. 3, kxpuBadg 2) mo x2 COOTBETCTBOBAJIO KOHTPOJIIO,
O/IHAKO B HTOM BapUaHTE HECKOJIbKO YMEHBIIWJIOCh KosmuyecTBO ceMsAH |l ¢pakmuu. Ilokazano
[17], 94TO yBETMYUTH BCXOXKECTh MOXKHO TOJIBKO 32 CUEeT JKUBBIX CEMSH, IPUCYTCTBYIOIINX B IAPTUH,
HO He MepTBBIX. B yacTHOCTH, 5TO MOTYT OBITH ceMeHa, oOpasyoiue JedeKTHbIE IPOPOCTKY, He
cyUTaeMble BCXOKMMHU I10 CTAHAAPTaM.
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W3BecTHO, YTO MOJ ZleWiCTBHEM OOJIBIIIMHCTBA CTUMYJIATOPOB B /103aX, YBEJIUYUBAIOIINX
BCXOXKeCTb, yacTh ceMsH ¢pakuuu |l mepexoamna Bo dpaknuio |. It cemeHa ObLIM Ha3BAHBI
«ynyameHHbIMU» [17]. IIpu petictBum W] 11 MIla, nelicTBUTEIbHO, OBI BO3MOXKEH IOI00HBIN
nepexo/i. Ha Hero ykasplBail yMeHbIlleHHe KoaudecTBa ceMsH |l ¢paknuu u cMeleHrue BIIPaBo
MUK, cooTBeTcTByOIero | dpakuuu (puc. 3, kpuBad 2). /[aHHOe sBJIEHUE IMOATBEPKIAETCSA
HE3HAYUTEIbHBIM YBEJITMUYEHUEM BCXOXKeCTH ceMsH pu AerictBun W] 11 MIla (puc. 2), ocobeHHO
BBIPp)KEHHOE, 10 HAOJTIOIEHUAM, B IAPTHUAX CO CHIKEHHOU BCXOXKECTHIO.

Pacripenennenne KT cemsn, obpaboranusix /1 29 MIla (puc. 3, KpuBas 3) 0 KPUTEPHIO ¥ 2
OTJINYAJIOCh OT KOHTPOJIfA, IIOCKOJBKY OOHApyKeHO CMeIlleHHe IJIaBHbIX IIMKOB BIIPABO.
KosmnuectBo mepTBbix cemsaH (®KT cBeime 61 OTH. €7.) B 3TOM BapHUaHTE YBEJIHMYUIOCH
HE3HAUYUTEJIbHO, CJIeZIOBAaTEJIbHO, CHU)KEHHE BCXOXKECTU OBLIO CBA3AHO C IEPEXOZIOM CEMSH U3
¢paknuu | Bo dpaknuio Il, U3 ceMAH KOTOPBIX BbIpACTAIN MOPQOJIOTHYECKH JedeKTHbIe
IIPOPOCTKH, IIpUYEM CHOCOOHOCTh STHUX CeMSAH K IIPOPACTAaHUIO 3aBHceNa OT CTeleHU
6J1arOIIPUATHOCTH YCJIOBUH CPEIbI.

IIpu crapenuu cemena nepemernaroTres u3 ppakuuu | Bo ppaknuto 1, u 3arem Bo ppakiuio
Ill, yrpaumBas Bcxoxkects [17]. Ilpm getictBum U]l cemeHa He Tepsild CHOCOOHOCTH K
npopacranuio corsiacHo uaMmeHeHusMm OKT, ciaemoBarenvbHo, M| He TPUBOAMIIO K OCTPOU
seranbHOCTU. OAHAKO POCT 3apojpliiell U (GOPMHUPOBAHUE MPOPOCTKA MPOTEKAIN MHAYe, YeM B
koHTpoJe (puc. 4). B xoutpose ®KT u rabutyc mpopoctka coorBerctBoBasiu. I1pu N/ 11 MIla u3
yactu ceMsH |l dpakmuu chopmupoBannch HopMaibHble TpopocTku (puc. 4). IIpu U1 29 MIla
oOHapyKeHO TOPMOXKEHHE POCTa MPOPOCTKOB He ToJIbKO BO |l dpakmuu, HO maxke B | dppakmuu.
HecoorBerctBue OKT u Buga IPOPOCTKOB — CJIEACTBHE AaKTHBALlMU pPOCTA IIPOPOCTKOB,
obpasoBaBmiuxcs u3 cemsH |l ¢ppakmuu npu U] 11 MIla u TOpMOKEHHSA PocTa IPOPOCTKOB 3TOU
ke ¢pakuuu mpu Ul 29 MIla. CinenoBarenbHo, HauboJee UyBCTBUTEIBHBIMU K BO3/EHCTBHIO
ABaANUCh ceMeHa |l dpaknuu, npuyeM HUX peaklus 3aBHUcesa OT JI03bl BO3JEUCTBUA U
COOTBETCTBOBAJIA CIleHAPHUAM ropmesuca (0bmen crumyssamnuu) npu 1T 11 MIla u crpecca mpu W1
29 MIIa.
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Puc. 4. Buemauii Bug npopocTkoB B cooTBeTcTBUM ¢ PKT cemsan: 1 — koHTpoJib, 2 — U] 11
MIla, 3 — 1/1 29 MIla

Namenenne OKT u «ynyuiiieHue» ceMsH — sIBJIEHUE TIPEXO/AIee, CBI3aHHOE C YCKOPEHNEM
CTapeHHsi U HakoluleHHeM mnoBpexzaeHuir [17]. HecoorBerctBue ®KT wu BHemHero Buja
IIPOPOCTKOB — CJIeICTBUE TOro, uto npu W] pa3BuBaercs peakius, CBA3aHHASA C U3MEHEHHEM
poctoBbIx mporeccoB. Ilon neiictBueM ¢dakTopa B 3HAUMMBIX /103aX OPTraHU3M IMEPEXOJUT B
KpaTKOBpPeMeHHOe HeCcTabuIbHOE COCTOSIHHE, II0CTIe Yero WJIN BO3BpalllaeTcs Ha IPeKHUN YPOBEHb
JKUBHEJEATEIHHOCTH, WJIN TIEPEXOIUT B 0c000€ YCTOHUHUBOE COCTOSTHUE — cTpecc. Buaumo, mpu U]
11 MIla pa3Butue cOOBITUH NMPOUCXOUIIO B I[€JIOM II0 IIEPBOMY BapHUaHTY, HO I KOMIIEHCAllMN
MIOBPEX/IEHUN IPOUMCXO/AWIA AaKTHUBAIlUs pOCTa, IIpUYeM HauOOJIBIIYI0 YyBCTBUTEJIBHOCTD
nposBuwin ceMena |l ¢pakuuu, rae sa¢pdexr cTuMmynasanuu BeIIAAEN ocobeHHO yeTko. ITpu U]
29 MIla y mpopOCTKOB ITPOUCXO/IVII IIEPEXOT K CTPECCY, COITPOBOXKAABIIIHUIICSA TOPMOKEHHUEM POCTA,
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KOTOPBIN M3BECTEH IIPU Pa3JIMYHBIX BO3JEUCTBUAX B CTPECCOBBIX /o3ax [17;14]. CnemoBaresbHO,
U3MeHEHHe BCXOXKEeCTU CeMSH Moy, BausaaueM 1/l Ob110 CBA3aHO ¢ U3BMEHEHHUEM COCTOSTHUSA CeMSH
U PAaHHUMU POCTOBBIMU IIPOIIECCAMU.

U]/l okasano BiauMAHME Ha POCT pacTeHud rpeuuxu (puc. 5). Teoperuueckrue KpUBBIE
1 moCTpOEHBI MO SMIUPUYECKUM JIAHHBIM, IPUYEM HX COOTBETCTBHE HAXOJWJIOCh B IIpefiesax
omubKU cpefHero apudmernyeckoro 3HaueHus (10 5 %). TeopeTuueckue KpUBbIE 2 PACCUUTAHBI
KaK IMPOU3BO/IHBIE POCTA U XapaKTEPU3YIOT CKOPOCTh POCTAa PACTEHHH.

Ha puc. 5 BusiHO, 9yTO KpHUBas pocra Opy1a S-00pa3HOil BO Bcex BapuaHTax onbiTa. CKOPOCTh
pocTa M3MeHsIach KaK B XOJle OHTOTeHe3a, TaK M B BapHaHTaxX ombITa. HaubosbIas CKOPOCTh
pocra obHapy:keHa B a3y OyTOHHU3AIMH, UTO XapaKTepHO /i Trpeunxud. OTMETHM BaKHYIO
3aKOHOMEPHOCTh: BBICOTAa PACTEHHUU U CKopocTh pocra mpu M/l 11 MIla (puc. 5, 2) Obutn
CYIIIECTBEHHO BBIIIIE, YeM B KOHTpOJIE (pHC. 5, 1), HO 6bUTH TOX0kHU 1o popme. IIpu 1UJ] 29 MIla
(puc. 5, 3) CKOPOCTh POCTa CHMIKAJIACh, HO IOCJIE JIOCTHXKEHUSI MaKCHMyMa 3aTyxaia MeJJIEHHO,
IO3TOMY yV KPHWBOU OTCyTCTBOBaso 1wiaTo. CiemoBaTenbHO, aevictBue MJ] 11 MIla mpuBeno k
aKTUBHU3AllUM poOCTa cTebyii M HAKOIUIEHWI0 B HEM AaCCUMWIATOB — CO3JaHUIO pe3epBa,
IUIACTUYECKHEe BeIlecTBa KOTOPOro II0 Mepe HeOoOXOJUMOCTU MOTYT OBITh H3PaCXOJ0BAaHBI.
Hanpotus, npu feiictBuu BbICOKOU 710361 V]I muTaTeIbHBIE BellleCTBA S5KOHOMHO PacX0/I0BAJIUChH
Ha pocCT cTebJisA, HO TaKOM MeJUJIEeHHBIN POCT IIPO/IOJIKAJICA B TEUEHHE BCEro OHTOTE€He3a, 32 CUeT
4yero K 3aBepIIEeHNI0 OHTOTeHe3a BhICOTA PACTEHUH OKa3asach 00Jblile, YeM B KOHTPOJIE.
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Puc. 5. [leticrBue 1]] Ha pocT mobera rpequxu B JUIMHY: 1 — KOHTPOJIb, 2 — 11 MIla, 3 — 29
MIla; a — gyjiuHa T0O€era, 6 — CKOPOCTH pOCTa
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BaxxupiM acnekToM (OpPMUPOBAHUA YpOKasAd ABJIAETCA HAKOIUIEHHE CYXOTO BelllecTBa
pacTeHreM BCJIEJICTBHE ACCUMWIANUM IIpU (QOTOCHHTE3€ U JUCCUMWIIAIUM IIPU JbIXaHUH.
B MHOTOUMCIEHHBIX pabOTaX IOKA3aHO BJIUSHUE PA3JIUYHBIX (PAKTOPOB HA HHTEHCUBHOCTD
JbIXaHuA U GOTOCUHTESA.

OnHMM U3 KJIIOYEBBIX NPU3HAKOB, OTJIMYAIOMINX BUJBI PACTEHUU C Pa3HbIM TUIIOM
sKosiormyeckor crpareruu, siBiasierci OCP  [6]. Pyaepanbl XapakTepu3ylOTCSI BBICOKMMH
3HaueHuAMH OCP. V3BeCTHO, UTO MeJKOCeMsAHHbBIE AUKHe (OPMBI UMEIOT IIPENMYIIIECTBO IIepe/
KysnpTypHbIMU 110 OCP. Besimunza OCP B ONTHMaNbHBIX YCJIOBUAX IIO3BOJIAET IIPOTHO3UPOBATH
Oyaymui yposkail pacTeHUM.

Kak Bumno u3 puc. 6, mpu MU 11 MIla (puc. 6, 2) yBelnueHrue CyXOH MacChl pacTeHUU
IrPEYUXU MPOUCXOAUIIO 60JIee MHTEHCHUBHO, YeM B KOHTpoJie (puc. 6, 1), a mpu 1] 29 MIla (puc. 6,
3) kpuBag 6pLIa O0JTee mosoroi. MakcuMasbHas OTHOCHTEIbHAs ckopocTh pocta (OCP) mpu /T 11
MIIa mpeBbIiiajzia KOHTPOJIb Ha 35 %, a mpu U]l 29 MIla — Ha 58 %, 4TO MOIJIO OBITH OJTHOU W3
MIPUYMH YBeJIMYeHUs NPOAYKTUBHOCTH PACTEHUM.

Jlos1 X035IMCTBEHHOTO YpO2Kas B KOHTPOJIE COCTaBJIsIa 20,35 %, mpu /I 11 MIla — 20,36 %,
npu U]/l 29 MIla — 43,16 %, cienoBaTesibHO, 3TU PacTeHUs HPEUMYIECTBEHHO IepeMelanu
accuMuIATH B corerus. /] 11 MIla cmoco6cTBOBaIIO paBHOMEPHOMY HAKOIUIEHUIO CyXOU MacCHI,
He U3MeHsIach HOPMajIbHAasA JWHAMHKA HWHTETPAJIbHBIX IPOIECCOB — POCTA U pacIpesieseHUs
ACCUMIJIAAITOB, HO YBEJIWYWIACHh HUX CKOPOCTb, IIO3TOMY IIOBBIIIEHHE YPOKAWHOCTU OBLIO
He3HAuUuTEeJIbHBIM. TaKylo peakIuio Ha BO3JIeHMCTBHE Ha3bIBalOT ropmesncom [16]. N 29 Mlla
IIpUBEJI0 K YMEHBIIEHUIO OO0Ield CyXOH Macchl B TeUeHHEe OHTOT€He3a, a YyBeJIMUYeHHEe MacChl
COIIBETUH U IUIOZOB OBLIO CBA3AHO C Me/JIEHHBIM HAKOIUIEHHEM U IlepepacIipe/ieJIEeHHEM BEIEeCTB
B IUTOABL. VIcX0/5 M3 MBMEHEHUH BCXOXKECTH, 3TY 30HY MOXKHO Ha3BaTh CTPECCOBO.
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Puc. 6. [leiictBue V]] Ha HaKOILUIEHUE CyXOH MacChl 1 OTHOCUTEIBHYIO cKOpocTh pocta (OCP)
IrPeYnxu: 1 — KOHTPOJIb; 2 — 11 MIIa; 3 — 29 MIla; a — cyxasa macca; 6 — OCP
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B Teuenue 15 JieT BBIABJIEHBI O0COOEHHOCTH (OPMHUPOBAHUSA YpOKasA y PACTEHHH IOCie
obpabotku cemsaH U/JI (puc. 7). IIpolyKTUBHOCTb PAaCTE€HU Ha PHUC. 7 BIPAa’KeHA KaK KOJIUYECTBO
IUIOZIOB B MPOLIEHTaX OT KOHTPOJIA, IIOCKOJIbKY ee aDCOTIOTHbIE 3HAUEeHUS PA3INYINCh B T€UEHHE
JleT, 4TO B OOJIbIlIed CTemeHW 3aBHUCEJO OT IMOTOJHBIX YCJIOBUM, KadecTBa CeMSAH U IPOUYUX
dakTOpoB, a OTHOCUTEJbHble 3HAuUeHHs, BBIpA)KEHHble B IIPOIIEHTAaX OT KOHTPOJIA, JIydllle
Xapakrepusosanu Bauasue N/,
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Puc. 7. VI3ameHeHHne TPOyKTUBHOCTU PacTeHUH rpeunxu o BiausaueM 1]/, O603HaueHus
CM. B TEKCTe

Macca 1000 IJI0/I0B U3MEHAIAach HE3HAUUTEIbHO, TO3TOMY KOJIMYECTBO BBI3PEBIINX ILUIOZOB
Ha pacTeHHuH ObLIO NpONOpHHOHATBRHO ux Macce. Ilpu W/ 8 MIla npoayKTUBHOCTb He
u3MeHsach, npu M/l 11—20 MlIla yBennuuBanach Ha 15—60 %, npu 1/l 29—35 MIla Bo3pacrasna B
1,5-3,5 pasa. Ilpu N/l 23—26 Mlla y HOpOAYKTUBHOCTH, KaK U BCXOKECTH, YBeJINYUBAIACH
BapuabesIbHOCTD, YTO XapaKTEePHO /IS IIEPEX0/1a U3 OTHOTO CTAaOMIBHOTO COCTOSHUSA B Jipyroe [14].

IIpu peiictBun Manbix u Gonpmux W]l peanusyloTcsi pa3Hble CTpPaTETWH aJIalTaI[UM.
Y KUBOTHBIX W PACTEHUHA CYIIECTBYIOT PAa3JIMYHble CTPAaTETUHM QJIallTAllid K CTPECCOpaM.
Jlns pacteHU# OOIIENIPUHATON (XOTA U HE €IMHCTBEHHOM) SIBJISIETCA KOHIEMIUS DKOJIOTUYECKIX
«crpareruii» Pamenckoro-I'paiima [15, 6] — ogHO W3 KpYNHBIX OOOOIIEHUN HKOJIOTUH U
dusuonmornn pacreHuil. Pazymuumsa Mexay pacTEeHUsIMH ONPEAESIOTCS CKOPOCThIO MX POCTa, a
POCT — UHTETPATUBHBINA IPOIIECC, CBA3AHHBIN C HAKOIUIEHHUEM, TIepepacpeieJieHUeM, PacX0/IOM U
3almacaHveM TIHUTATeJbHBIX BelecTB. lI3MeHeHUs OKpyKallled cpeapl MOTYT HMETh
[IepUOINYECKU KaTacTpodUUuecKHil Xxapakrep (Iokapbl, MeXaHHYECKUE TIOBPEXK/EHUS, II0eJaHUe
J)KUBOTHBIMM) — IEPBBIN TUII; WJIX OTHOCHUTEJIBHO IOCTOSHHBINA HEOJIArONMPUATHBIN XapakTep
(BonHBIU 1eUIINT, 3aTEHEHHE U IIPOY.) — BTOPOH THII.

ABTops! [15] BBIIENAIOT TPU TPYIIBI PACTEHHH, MEXK/AY KOTOPHIMH €CTh IPOMEKYTOUHBIE
(bopMBI WM BU/IBL, IPOSBIIAIONINE TPU3HAKN HECKOJIBKUX TPYIIIL:

1 — xoHkypeHTBI (Artemisia absinthium L. — mosbiHb ropbKas). KpymHble pacTeHUs c
BBICOKOH CKOPOCTBIO pocta. O6pasyIoT IycToi IoyI0T, (DOPMHUPYIOT KOPHEBYIO CUCTEMY C OOJIBIIION
MoBepxHOCThI0. OOUTAIOT B MeCTaxX cOo cy1abol BEPOATHOCTHIO HAPYIIEHUU OKPYXKAIOIIEH Cpefb
mepBoro Tuma (BBI3BIBAIOT YACTUYHOE WJIM IIOJIHOE YHUYTOXKEHUE PpACTeHHH) U HU3KOU
WHTEHCUBHOCTBIO (DAaKTOPOB BTOPOrOo THIA (CHHKAIOT CKOPOCTh POCTA, HO HE IOBPEXKIAIOT
pacreHus);

2 — pyaepanel (Thlaspi arvense L. — sapyrka moseBas). BeicTpopacTyiiue pacTreHHsA
HeDOOoJIBIIIOr0 pasmepa, ObIcTpoe mpoxokasdAmme ¢das3bl OHTOTeHe3a ¢ 00pa3oBaHUEM OOJIBIION
Maccel IUIOZIOB M ceMAH. BceTpedarorcs B MeCTOOOWTaHHMAX € YacThIMU KaTacTpodaMu U
OTHOCUTEJIPHO CTa0MIBHBIMU YCJIOBUSAMHU MKy HUMU;

3 — crpecc-tonepanTtsl (Pyrola rotundifolia L. — rpymanka kpyronuctHas). MemyieHHO
pactyiue pacTeHus: HeOOoJIbIIoro pazmepa. OOUTAIOT B HEOJIATONPUATHBIX YCIOBUAX C IOCTOSHHO
JIeWCTBYIOIIIUMH  (pAKTOPaMH BTOPOTO THUMA. IJTH PACTEeHUs YACTO CIIEIHATU3UPOBAHbI
(BacyxoycToHuuBbIe, TEHEBBIHOCIUBBIE, TaI0PUTHI) [15].
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Bo-nepBbIX, pacTeHUs OT[AEJbHBIX TPYNI OTJIUYAIOTCA IO UHTEHCHUBHOCTH (OTOCHHTE3A
(maubospIliass — y KOHKYPEHTOB, IIPOMEKYTOUHAs BEJIWUYMHA y PYAEPasIOB, HAUMEHbINAsg — y
CTpecc-TOJIEPAHTOB).

Bo-BTOpBIX, OUOsIOTHYECKas MPOAYKTUBHOCTh OIIpeJlesisieTcsl He TOJIbKO WHTEHCHBHOCTBHIO
dorocuHTE3a, HO U WHTEHCHUBHOCTBIO [IbIXaHUA. PacTeHHWs ¢ BBICOKOH HHTEHCUBHOCTHIO
dotocunTesa (pyaepasibl M KOHKYPEHTHI) TpPATAT OOJIbIIE ACCUMUJISTOB Ha JbIXaHUE, YTO
3aKOHOMEPHO, IIPUYEM OHM OTJIMYAIOTCA TaKXKe BBICOKOU CKOPOCTHIO pocra. CTpecc-ToJIepaHThI
OCYIIIECTBJISIIOT O0JIee S5KOHOMHBIN OOMEH BeIeCTB: MajJi0 aCCUMHIJIUPYIOT, HO M MaJio TPaTAT U
Me/JIEHHO PacTyT. 3aBHUCHUMOCTh CKOPOCTH POCTa OT WHTEHCUBHOCTU /[BbIXaHUS OIpeesseTcs
noTpebJieHneM sHepruu 00pa30BaTEeIbHBIMU TKAHAMU — MEPUCTEMAMH.

B TpeTrpux, pacTeHUs IO-pa3HOMY PAacCHpPeAesIIoT acCUMIUIATHL. Hambosblnylo maccy u
MIOBEPXHOCTh JIUCThEB (DOPMHUPYIOT KOHKYPEHTBI H PyAepasbl, y HHUX e OoJbIIasg dYacTb
IUIACTHYECKUX BEIIECTB OcCTaeTcsi B Tmobere, ydacTByeT B (OpPMHUPOBAHUU CTeOJIA, a TaKXkKe
reHepaTUBHBIX OPraHoOB, IUIOJIOB U CeMSAH. AKTHUBHOCTb MEPHUCTEM Yy CTPECC-TOJIEPAHTOB
JIMMUTHUPYETCS HEBBICOKOW HHTEHCUBHOCTBIO JIBIXaHWA, OHU, B YACTHOCTH, (HOPMHUPYIOT Mo
IIBETKOB U IUIOJIOB. Y 3THUX PACTEHUH MpeoDJIalaeT BETeTaTUBHOE pa3MHOKEHHE, 00JIee BBITOTHOE
IIPU TIOCTOSTHHOM JIeWCTBHHU HeOJIArONMPUATHBIX (PAaKTOPOB, UeM CEMEHHOe pa3MHOKeHHe. Y
KOHKYPEHTOB OCHOBHBIMHU MOTPEOUTENAMU ABJISIOTCS MEPUCTEMBI, (GOPMUPYIOIIVE BEreTaTUBHYIO
Maccy, Vv PyAepayioB — IBETKU M IUIOJBI, Y CTPECC-TOJIEPAHTOB — 3alacamliyde TKaHU U YacTH,
CIelaJIN3UPOBAaHHBIE /IJI1 BETeTATUBHOTO Pa3MHOKEHU .

He BbI3bIBa€T COMHEHUs 3BOJIIOIUOHHO C(POPMUPOBAHHASA IpOrpaMMa CTpecc-peakluu,
IIO3TOMY MOKHO TIPEANOJIOKUTh, YTO y PsALA PpPACTeHHH IpU JEWUCTBUU OTHEJIbHBIX 103
BO3MYIIAKOIUX (AKTOPOB MOTYT HAOJIOAATbCS W3MEHEHHs, CXOJHble C aJalTaIlhsMU,
XapaKTePHbIMU /I BUZOB, MPUCIOCOOJIEHHBIX K OIpPEeJeHHBIM YCJIOBUAM obuTtaHusa. Ecau
IIPeJINOJIOKUTD, YTO B PEAKIINU Ha I[eJIOCTHOM YPOBHE MOKHO BbIJIeJINTh HEKOTOPBIE TUIIBI, TO OHU
JIOJDKHBI UMETH CXOJICTBO C SKOJIOTUYECKUMU CTPATETUAMU a/IallTalliN PACTEHUH.

ITockobKYy A030BBbIE 3aBUCUMOCTU (DU3UOJIOTUUECKUX ITPOIECCOB PACTEHUN OT BEJIMYUHBI
W]l HEMOHOTOHHBI, U MOKHO BBIZIEJIUTh IEPEXONHYI0 O0JIaCTh, CJIEAYeT CUYUTATh PEAKI[UIO
pactenui rpeunxy Ha V]I 11 MIla u 29 MIla nIpuHIUIIHAIGHO PA3IUIHBIMH.

Peaxmus pacrenuit Ha M/ 11 MIla 3akiiouaeTcss B yCHJIEHUH BereTaTUBHOTO pocta (puc. 5,
6). CiiemoBaTeIbHO, pacTeHus rpeunxu, oopaboranusie ]I 11 MIla, Mo KOMILIEKCY IPU3HAKOB
HAIIOMUHAIOT PaCTEHUSI-KOHKYPEHTHI, OBICTPO 3aXBaTHIBAIOII[HE ITPOCTPAHCTBO 32 CYET Pa3BUTHA
BETeTaTUBHBIX OPTaHOB.

Hanporus, npu N]I 29 MIla BereTaTUBHBIN POCT 3aTOPMOKeH (puc. 5, 6), a /11 COXpaHEeHUs
BU/Ia pacTeHUs GOPMUPYIOT OOJIBIIYI0 Maccy ceMsH (puc. 7), 0I00HO CTpecc-ToJIepaHTaM.

Takum oOpa3oMm, BHUJHBI JIB€ TMPUHIUIHUAIHLHO PpPa3jUYHbIE CTPATETHMH ITOBBIIIEHUSA
MMPOAYKTUBHOCTHU pacteHuit nox Aericteuem M/I. Cnabsie no3b1 (11 MIIa) HeseTaabHbI, TPUBOJAT K
00IIEMY YCHJIEHUIO >KU3HENEATEIbHOCTH U TIOBBIIIEHUI0 TPOAYKTUBHOCTH Ha 14-30% B pas3HbIe
rozpl. J10s1g X03AMCTBEHHOTO ypOsKasd, T.e. MPOIEHT HAKOIJIEHHOTO B IUIOZIAX CyXOro BelllecTBA OT
Macchl 00IIero Cyxoro BeIecTBa, COOTBETCTBYET KOHTPOJIIO. Bricokue /103b1 (29 MIla) mpuBoasaT K
rubesnu 10 50 % ceMsH (puc. 2), a y BBDKUBIINUX PACTEHUN, HAPAAY ¢ U3MEHEeHneM MeTabom3Ma, B
YACTHOCTH YCWJIEHHEM /IbIXaHUf, U3MEHSAIOTCA OTHOILIEHUs MeXKAy JOHOPAMU M aKIeNTOpaMH.
PacreHne HakamvBaeT MeHbIIIEe CyXOrOo BeIecTBA, a B ¢ase I[BeTeHHA U IUIOJIOHOIIEHU:
MOOWIH3YeT pe3epBslI /i (GOPMUPOBAHUA Ypokasa. BesmurHa X035 HCTBEHHOTO YPOKasi BO3PACTAET
npu W] 29 MIla Gonee uem B /iBa pasa IO CPaBHEHUIO ¢ KOHTposeM. Buaumo, sToT dpeHOMEH
pU3BaH O00ECIIeYHTh BBIKMBAHWE HE OTAEJIBHOTO pACTeHHs, a BHJA, ITO3TOMY YBeJIUYEHHE
IIPOJTyKTUBHOCTH SIBJIsIETCS O0JIee CyIeCTBEHHBIM — /10 HECKOJIBKUX Pas.

3axstroueHue. B pabore TeopeTiyecky 000CHOBAHO U HKCIIEPUMEHTAIBHO JJ0Ka3aHo, uyTo 1/
B uHTepBajie 11—29 MIla He IPUBOAUT K OCTPOU JIETAIHLHOCTH, OoIpeziessseMoit 1o ypoBHio ®KT, u
SJIMMHUHALIMN MaJIOIIPOJTyKTUBHBIX 0CO0EH, HO CIIOCOOCTBYET CTHMYJTUPOBAHUIO (DHU3UOJIOTHUECKIX
MIPOIIECCOB B CEMEHAX U PACTEHUAX, BEAYIINX K YBEJTMUEHUIO yPOKas.

[Tyrem ananm3a 1 00600IIeHUS SKCIEPUMEHTAIbHBIX TAHHBIX 0OHAPYKeHbl HEMOHOTOHHBIE
U3MeHEHUsA UHTerpaJbHbIX XapaKTEPUCTUK OPraHU3MEHHOTO YPOBHSA OPTraHU3AIUHU — BCXOXKECTH,
pocCTa, HAKOIJIEHUS] ACCUMUJIATOB, a TaKXKe MPOAYKTUBHOCTH PACTeHUH, IO3BOJIUBIINE BbIABUTH B
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JI030BOM 3aBUCHUMOCTH 30HY OOIIEed CTUMYyJsnuu — ropmesuca (11—20 MIIa), mepexoanyo (20—
26 MIlIa) u ctpeccoByio (29-35 MIIa) 30HbI.

Ha ocHOBe feTajibHOrO aHaJW3a SKCIIEPUMEHTAJIBHBIX JJAHHBIX II0Ka3aHO, 4YTO IIpHU
ropmMesuce npu Jievicreuu NJ1 11—20 MIla npoucxoiutT yBesimueHre NpoAyKTUBHOCTU PACTEHUM HA
15—25 % B pe3yJsibTaTe aKTUBU3ALMNU (PU3UOJIOTUUECKUX INPOLecCOB 0e3 M3MeHEHUs AUHAMUKU.
B cTpeccoBoM cocrossHuu nof, fericrsuem 1J] 29—35 MIla o6Hapy:KeHO HapylleHne HOPpMaJIbHOU
JUHAMUKU (U3HUOJIOTUYECKUX IIPOIECCOB PACTeHUM, NPUBOJAIEee K TOPMOKEHHUIO pOCTa U
U3MEHEHUIO JOHOPHO-aKIEeNNTOPHBIX OTHOIIEHUN C IPEUMYIIeCTBEHHBIM OTTOKOM aCCUMUJIATOB B
IUIO/IbI, IPUBOZAIIEE K 2—3-KpAaTHOMY YBEJIMUEHUIO MPOAYKTUBHOCTU. [loKa3aHo, YTO yBeJIMUeHUe
BapuabeIbHOCTH TPU3HAKOB HA I€JIOCTHOM ypoBHe mpu U]l 20—26 MIIa cooTBeTcTByeT
IepexoJHOMY COCTOSTHUIO OT TOpMe3Hca K CTpeccy.
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Annoranusa. IIpeioskeH MeToJ| MpeANoceBHONM 00paboTku cemsaH W/, oTimdyaromiuiics
BBICOKOW MHTEHCHBHOCTBIO U TOYHOCTHIO JI03UPOBKU. V]| B mHTepBasie 3—35 MIla He mpuBOIUT K
OCTPOM JIETAIBHOCTH, OIIPE/IesIsIEMOM 110 YPOBHIO hochopeclieHITNY IPU KOMHATHOH TeMIlepartype, U
BJIMMUHALIMN MaJIOIIPOJIyKTUBHBIX 0CO0el, HO CIIOCOOCTBYeT CTUMYJIMPOBAHUIO (PU3MOIOTHMUECKIX
IIPOIIECCOB B CEMEHAX U PACTEHUAX, BEYIINX K YBeJIMUeHUI0 ypokasa. OOHapy:KeHbl HEMOHOTOHHbBIE
U3MEeHEeHUsA BCXOXKECTH, PpOCTa, paclpefieJleHUsl BeIllecTB U IPOJYKTUBHOCTU pacTeHUH,
[IO3BOJIMBIIIHE BBISBUTH B JI030BOM 3aBUCHUMOCTH 30HY OOIIEH CTUMYJIAIUU — ropmesuca (3—
20 MIIa), nepexoanyto (20—26 MIla) u crpeccoByio (29—35 MIIa) 30HBL.
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Abstract. The article presents a systematic review of literature analyzing the prevalence,
base technologies, and perspective directions of growth factor usage in cartilage tissue engineering.
The main attention is given to problems of combinations of growth factors in modern scaffolds for
cellular settlement and options for mechanical and physical-chemical stimulation of
chondrogenesis, including the use of bioreactors.
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Introduction. The restoration of damaged and lost tissue in articular cartilage refers to
serious problems of modern regenerative medicine. This is based on well defined complex of
biological and social reasons [1, 2]: initially low capacity of the articular cartilage to regeneration
(1); the increase of duration and quality of life resulting in rapid growth of the elderly person
number with the need for an active lifestyle (2); the «traumatic» epidemic due to expansion of
technologies in all spheres of professional activity and everyday life, as well as calls to extremism
(3). As a result, we have a huge volume of recovery procedures on the joints — more than 6 million
ayear in the USA alone, about the same in the EU, about 250 thousand in Russia [3].

In current situation, the classical approaches, based on autologous chodrocyte
transplantation (ACT) or the stimulation of regenerating potential of own cartilage, cannot satisfy
the experts. These methods have a number of serious limitations and imrairments, and they do not
provide an adequate restoration of joint function for a long time [2, 4, 5]. The new «gold standard»
in this area aims to become the tissue engineering. To realize this approach anyone must perform
the selection, managed proliferation, and differentiation of the most promising cellular pool for
tissue reconstruction, and develop the design of the most effective conditions for the subsequent
remodeling of the implant into authentic tissue with valuable functional abilities [4, 6, 7].

Despite certain difficulties in situ, and the relatively high cost, the use of growth factors as
stimulators for remodeling tissue-engineering constucts is considered to be one of the key
moments of providing clinical success of cartilage tissue engineering [8, 9]. Based on the
systematization of current world literature we considered it appropriate to conduct a comparative
analysis of the growth factors usage in tissue-engineered technologies for the articular cartilage
restoration and show the main trends in development of this direction of regenerative biomedicine.

Materials and Methods. The main sources for systematization and synthesis of information,
were accepted from the open database Pubmedcentral (NCBI, NIH, USA), mainly for the period of
the last five years. In some cases we used the key monographs on the problem, data from resource
Elibrary.ru (Russia), as well as the results of our research in collaboration with prof. D.A. Malanin
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(Volgograd State Medical Universiry, Russia). In the end, we tested and annotated research on the
application of transforming growth factor (TGF 1, TGF (2), bone morphogenetic protein (BMP-2,
BMP-7), basic fibroblast growth factor (FGF-2), insulin-like growth factor (IGF-1), platelet-derived
growth factor (PDGF), and some other signal molecules.

Cocepts and common approaches to cartilage tissue engineering. Modern tissue engineering
(in conjunction with cellular technologies in regenerative medicine), is the interdisciplinary
scientific area, which has behind it a little more than 20 years of development. It is based on the
principles, methods, advanced achievements of engineering, materials science, chemistry, biology,
and bioinformatics to restore, support, and enhancing the functions of damaged tissues by
applying biomimetic agents in it [9, 10].

Fundamental work in cartilage tissue engineering belong J.Vacanti and colleagues from
Boston (USA), who grow the chondrocytes on polyclactic scaffold for the closure of osteochondral
defects in flopping joint of pigeons [11]. The ability to organothypical reimbursement of large
defects, particularly of difficalt shape and varying in depth of the lesion, are the most valuable for
the Clinicians using the tissue engineering approaches. This approach can provide earlier, reliable
and lasting recovery of the articular surface [2, 7]

The concept of cartilage tissue engineering is based on the idea about the healing of cartilage
defects to be constructed on the principles of ensuring sufficient number of phenotypically
complete chondrocytes, capable of remodeling temporary artificial media (scaffold) to a natural
matrix of hyaline cartilage. Optimal management of this process should combine the stimuli
including of the structural properties of scaffold, signalling molecules, and physical and chemical
impacts [7, 8].

Ultimately, we need to correctly seed the active chondrocytes into three-dimensional
structures and gradually replace scaffold matter with natural cartilage matrix. Such implants
(tissue endineering construct) may be precultured in a bioreactor before setting into a joint (fig. 1).

To compare and discuss in detail different sources of cells for cartilage tissue engineering is
not a goal of this review, therefore, we confine ourselves to the facts, which are crucial for
understanding the action of growth factors to cells in tissue-engineered constructs.

En?ymatic !ysis Chondral autobiopsy
of bioptate tissue (the sourse of cells)

l

Cell culturing
oh scaffolds
in bioreactors
using stimulation
by growth factors,
cytokines, hormones,
mechanical factors,
and other impacts

oh the place of chondral defect
'

Cofiguration of scaffold
and applying the carrier

Fig. 1. Common scheme of tissue engineering, shown on the example
of autologous chondrocyte pre-culturing in vitro
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To date, of the many cell sources for cartilage tissue engineering, the ACI technology was
mostly used in clinical practice. It based on transfer of own chondrocytes from the same joint or
other chondral tissues of person to place of chondral defect [2, 12]. The ability to product collagen
type 11, proteoglycans, sulfated glycosaminoglycans, matrix metalloproteinases (MMP) and their
tissue inhibitors (TIMP) seems to be a key phenotypic signs of chondrocytes that determined their
successful participation in the tissue-engineered constructs. Unfortunately, there are a number of
objective limitations, as a relatively small number of chondrocytes in donor material (about 5% in
the volume of tissue), fast dedifferentiation with the production of collagen type I, integrins and
other signal molecules (SHC, Erkl1/2), typical connective tissue [12, 13]. Just to prevent this
phenomenon one applyes the main components of bioengineering technologies: the use of growth
factors, scaffolds, and physico-chemical stimuli in a bioreactor or in vivo [2, 14].

With the same purpose a various stem cells derived from embryonic tissue, autologous
mesenchymal tissues (MeSC), like bone marrow, synovial membrane, periosteum, fat, muscles,
connective tissue, can be directed to chondrogenic differentiation [8, 15, 16]. The data about
transdifferentiation of some mature cells of mesodermal origin (fibroblasts, adipocytes) into
chongral phenotype due to culturing in the three-dimensional bioactive scaffolds were published
[9, 17].

The key moment for the use of stem cells is their ability to be directed on chondral way of
differentiation under the action of TGF-1, some other growth factors (BMP-2, FGF, IGF-1, PDGF)
or protein components of synovial fluid [6, 9]. At the present time, the convincing results of
cartilage matrix production by seated stem cells after differentiation were shown at use of
practically all known scaffolds for cartilage tissue engineering [7].

Three-dimensional matrices (scaffolds) for cartilage tissue engineering must have biomimetic
properties, it has to be biocompatible, have adequate physical and chemical characteristics and,
ideally, completely replaced by auto-self chongral tissues in time. Extracellular matrix (ECM) of
cartilage is difficult three-dimensional network for the growth, proliferation and differentiation of
cells with nanofibers amd nanopores, which formed different local microenvironment [6, 8].
The three-dimentional porous structure of acellular scaffolds is required by the metabolic needs in
the neoformed tissue [7, 18]. The attention to cartilage ECM properties was actualized, once
molecular signaling pathways between the mechanical effects on the cells and regulation of their
differentiation with the participation of TGF-f3 had been disclosed. This led to the development of
technologies that met the chemical signaling management in cells due to the variation of ECM
mechanical properties [19].

Scaffolds can be used for the culturing of a complete composite in bioreactors, but this
approach refers to very expensive technologies, still having no broad prospects in the real sector of
biomedicine. The more useful technology for scaffolds application concludes in settlement by the
cells immediately before implantation, or during it [20]. Both these approaches are combined by
the mechanism of the cartilage formation. It starts from the migration and setting stem and
progenitor cells in scaffold matter, subsequent differentiation and synthesis of matrix de novo, as
well as partial biodegradation of tempopary matrix followed this.

Today, a wide range of materials used for the fabrication of scaffolds in cartilage tissue
engineering, they can be divided into natural and synthetic polymers, and their hybrids. Accoring
to the structural properties all scaffolds one may distinguish hydrogels, sponges and porous [6, 21,
22]. The most widely used products, annotated according to the materials of recent surveys in this
area, are presented in table. 1.

Although the use of nanomaterials for scaffolds fabrication is, rather, in their infancy, they
have already recognized by almost ideal imitators of cartilage ECM. Nanofibrous or nanoporous
structures are formed using the procedures of electrospinning, phase separation, freeze-drying,
chemical corrosion or 3D printing [7, 23]. Nanofibres are very similar in structure to most of
molecules in cartilage ECM (matrix proteins and proteoglycans), therefore, they have the ability to
improve the adhesion, proliferation and differentiation in implant.

To optimize these properties, several methods have been proposed, including the accession of
functional groups (thiolate, acrylate, and tyramine) and the use of composites (collagen-
polyacrylamide, alginate-polyacrylamide, agarose-polyethylene glycol etc) [20].

General characteristics of the growth factors in cartilage tissue engineering. Hormones and
growth factors regulating the adhesion and aggregation of chondrocytes, their growth and
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metabolism, were well researched since the late 60th and 70th. The use of growth factors in
cartilage tissue engineering coincided with the development of scaffold technologies. As the
technologies applied for different scaffolds and molecular stimulators are unique in themselves, it
is impossible to imagine any complete list of these methods.

All types of connective tissue, including cartilage, are regulated by fairly stable set of growth
factors, and other mediators for differentiation of cells and intercellular signaling.

Table
Characteristics of the main materials for the scaffolds fabrication
in cartilage tissue engineering
Material Application for tlssug engineering qf cartilage
Cells | Clinical application
Natural polysaccharides [21, 24-27]*
Alginate, agarose Chondrocytes Cartipatch® (TBF Banque de tissues, France)
MeSC,
Hyaluronate embryonic HyalograftC (Fidia Advanced Biopolymers, Italy) -
stem cells benzyl ether
Chitosan BST-CarGel (Bio-Orthopaedics, Canada)
The natural proteins [6, 10, 23, 28]*
MACI® (Genzyme Biosurgery, CIIIA)
ChondroGide (Geistlich Biomaterilas, Switserland).
Autologous Novocart 3D (TETEC AG, Germany) - copolymer with
Collagen chondrocytes, chitosan
MeSC CaReS® (Ars Arthro®, Germany)
Sphero®Gel (Russia) - copolymer with hexosamines u
uronic acide
o Autologous Tissuecol® (Baxter International Inc.)
Fibrin
chondrocytes
Synthetic materials [6, 8, 24, 25]*
Po_lyorgar_nc BioSeedC (Biotissue Technologies, Freiburg,
acid and its Almost all T'epmanus) - copolymer with fibrin
copolymers P boly
Polycaprolactonean SOurces .
of cells Experiments
d polyethylene o
in vivo
glycols
Nanostructured materials [7, 20, 23, 29]*
Modified polymers:
. Autologous .
gels, nanofibers or Experiments
nanoporous chondrocytes, in vivo
P MeSC
sponges

* - the only elected final reports and reviews.

They collectively regulate cell proliferation, adhesion, chemotaxis, differentiation, and ECM
synthesis. Growth factors are used for stimulation of transplanted chondrocytes, and (less
frequently) to manage auto-self cells when acellular scaffold technologies have been applied (Fig.
2).
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Proliferation, differentiation Induction and support of
and maturation of stem cells active phenotype in culturing
in cultures and bioreactors autologous chondrocytes

Growth factors
TGFs, BMPs, PDGF,
FGF, IGF-1 {alone or
in combinations)

]
| |

Management of cell settlement Management of cell settlement
and rapid expression of chondral and rapid expression of chondral
phenotype in situ due to phenotype after cell-free

scaffold-free technologies scaffold implantation

Fig. 2. Common scheme of growth factor application due to
cartilage tissue engineering

General effect we achieve applying growth factors in tissue engineering, as in cell culturing
for ACT, to induct and support phenotypic expression on chondral phenotype. For chondrocytes it
looks like a rise of anabolic activity, an increase in the size, intensive synthesis of cartilage ECM
components, and successful adhesion of cells in lamellar or three-dimensional structures [30, 31].
Transforming growth factor 13, TGF 2 [32, 33, 34], BMP-2 and BMP-7 [31, 35, 36], FGF-2 [37],
IGF-1 [30, 38], and PDGF [30, 39, 40] have been successfully used for chondral differentiation of
MeSC, as well as for redifferentiation of autologous chondrocytes. Vascular endothelial growth
factor VEGF, epidermal growth factor EGF, and hepatic growth factor HGF were investigated, but
their application to the stimulation of chondrogenesis was proved unsuccessful [31].

To stimulate a culture, as a rule, it is applied not alone stimulating factor, and their
combination with the optimal effect, of TGF-1 and IGF-1, TGF-1 and BMP-2, for example [41]. In
vitro a variety of microspheres and microparticles have used to delivery growth factors to cells. In
vivo the use of alone growth factor are more efficient, and it may be delivered as a part of hydrogels
of polyethylene glycols, polilactide or soluble fibrin [32]. These approaches provide dose- and time-
controlled release of growth factors in the culture medium.

From the beginning a few patterns was discovered. First, the effects of growth factors pre-
adminisrated in a cultural medium are better than the same during their direct application in the
place of transplantation. Secondly, pre-incubation with by growth factors in bulk cultures (semi-
liquid and gel environment) is more effective, in comparison with their influence on single-layer
cultures of chondrocytes. In addition, very low concentrations of growth factors are sufficient, the
order of a few nmol/L. Any attempts to increase these concentrations in the culture medium not
only do not lead to rise of chondral phenotype, but they even depress it, contributing to the
formation of connective tissue matrix or cell death [15, 31].

Transforming growth factor superfamily. TGF-f is the most studied factor used in cartilage
tissue engineering. It increases the phenotypic expression of chondral cells, chondrogenic
differentiation of MeSC, resulting in production of cartilage ECM nacromolecules [31, 33].

Proinflammatory cytokines are strong natural antagonists of TGF-3, therefore, in cases of
their high content in tissues of active arthritis the adequate chondrogenic stimulation with TGF-3
is not expected. Approximately two-fold increase of density and elastic modulus of the matrix was
shown in scaffold-free constructs, administrated by local TGF-1-containing gel, in comparison to
healing without growth factor application. TGF-1 and TGF-B3 were successfully used in
conjunction with mechanical stimuli of chondrogenesis [33, 42].
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Some other activation mechanisms of TGF-f are also interest. Metalloproteinase ADAMTS1
and Granzyme B have recently been described as new mediators for the TGF-f activation.
Granzyme B requires the presence of small amounts of leucine-rich proteoglycans (biglycan or
decorin) for the liberation of TGF-f [43] while ADAMTSI needed thrombospondin 1 type. This
activation goes through non-proteolytic displacement mechanism [19]. Today TGF-f is the only
growth factor, which is connected through the activation of mitogen-activated protein kinases with
other molecular ways of chondrogenic stimulation.

BMP are also part of the TGF superfamily. Increased synthesis of ECM and proliferation of
cells were recorded using BMP-2, BMP-4, BMP-7 BMP-12, and BMP-13, it was established for
BMP-2 and BMP-7 to be maximally efficient [35]. In the culture in vitro the activity of BMP-7 gave
it possibility to resist the catabolic effects of interleukin 1, fibronectin, or collagen fragments. This
gives the possibility of BMP-7 stimulate healing of cartilage defects in vivo. As TGF-3, BMPs were
also investigated in combination with the use of mechanical forces for induction of chondogenesis
[34, 44].

In the work by Che et al. [36] have been analyzed the results of BMP-7 application for
cartilage tissue engineering on rabbits with full-thickness defects in articular cartilage. About 5 x
106 chondrocytes with BMP-7 transfection were placed in a sterile collagen-fibrin gel and were
grown within 14 days. At 12 weeks after implantation the surface of the neoformed cartilage did not
differ macroscopically from the surrounding tissues and did not have visible borders with them,
unlike zone of spontaneous regeneration or replacement only by gel scaffolds. Immune
histochemical study has revealed clear expression of BMP-7 and its m-RNA in chondrocytes of
implants from experimental group. Tissue regenerates contained significantly more specific
glycosamineglycans and DNA. Aggregates of chondrocytes resembling isogenic groups in native
cartilage were formed. Data of semiquantitative analysis on O’Driskoll scale testified to the
relatively higher density of chondrocytes, the regularity of the articular surface, and better
integration with the surrounding tissues.

The use of platelet-derived growth factor (PDGF) is of interest because platelet-rich plasma of
the same patient may be an available source of it. Platelets contain two types PDGF (1 and 2),
differing by their molecular masses, both have a positive impact on the regeneration of bone and
cartilage tissues [30, 45]. Purified PDGF increases migration of chondrocytes and expression of the
surface zone protein (lubricin), but usually unstable fibrocartilage is formed after remodeling, so
the application of PDGF alone to cartilage tissue engineering have recognized as ineffective [46].

The efficiency of platelet-rich plasma application as a source of PDGF, as well as proof of his
participation in the chondoreparation was published by Kon et al. [40]. The study summarizes the
treatment of 100 patients with osteoarthritis (115 knee joints). Platelet-rich plasma obtained from
150 mL of venous blood of the same patient used to stimulation of chondrogegnesis by
intraarticular instillations. The results of 91patients (57 men and 34 women) from this group were
fully traced within 12 months. Distribution by severity of osteoarthritis (Kellgren) was as O from 58
knee joints, I-111 from 33 jonts, and IV from 24 ones. The authors do not describe any adverse
effects after this procedure, except for a slight swelling in the joints, and single cases of weak pain
within 2-3 days after the injection. About 80% (73 of 91) patients were satisfied with the treatment
results. The IKDS indicators have shifted in the direction to normal and subnormal data more than
70% of patients, the average values on a IKDS scale increased with 40.5+10.4 to 62.5+18.6 to 6
months, and 60.6+18.9 to the year of observation. Similar data were obtained using a Visual
Analogue Scale.

Other growth factors. IGF-1 is an important anabolic factor for chondrocytes; it is able to
potentiate the action of many other growth factors in respect of these cells. The level of IGF-1
increases in vivo on the place of cartilage defect immediately after the injury that became as the
primary basis for discussion about its participation in the healing of cartilage. Growth factor IGF-I,
as it was shown, allows to reduce lesion of the cartilage at the loss of the ECM volume. The
application of IGF-1 was accompanied by the increase in production of collagen and proteoglycans
by chondrocytes, but its effectiveness was sharply different between zones of cartilage [2, 30, 31].

The new factor described like factor of growth and differentiation (GDF-5) is promising,
because it can stimulate chondrogenesis at an early stage and be used both separately and in
combination with gene therapy [11].
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The use of mechanical stimuli and bioreactors. Growth factors have been successfully used in
cobination with mechanical and chemical impacts, such as drifting, compression, and variable
hydrostatic over-pressure. So, sharing, BMP-2 and IGF-1 applied together have increased the
functional properties of tissue-engineered construct [31]. The mechanical drifting, combined with
BMP-2 in the culture of dedifferentiated chondrocytes, let to expression of chonroblastic genes and
synthesis of relevant proteins [47]. TGF-B3 combined with the immediate compression [33], as
TGF-1 with hydrostatic water loads [31] increased ECM construction to the values in the normal
cartilage; the growth factor and mechanical stimulation had a synergistic effect.

The main task of bioreactors is the ensuring delivery of nutrients and removing waste
products from cell culture, and also the required safety in the growth and phenotypic
differentiation, including the necessary hydrodynamic loads. In addition to high productivity, each
bioreactor should control and maintain pH, temperature, pressure, and concentration of necessary
nutrients in the cell culture due to whole operating cycle. According their structure bioreactors for
cartilage tissue engineering can be arranged in the form of parallel plates or concentrically placed
cylinders, with rotating walls [47, 48, 49]. These structures are designed to provide the maximal
square for the diffusion from perfused medium into scaffold matter and back. In comparison with
traditional grow containers, bioreactors can minimize the necessary concentrations of growth
factors, nutrients and cell-protecting agents.

Although the properties of cartilaginous structures grown in bioreactors are higher than
tissue construct cultured statically, they have certain difficulties in engraftment after implantation
in vivo. Apparently, a cartilage with a high content of aggrecanes is not only resistant to vascular
invasion, but it disrupts remodeling in the subchondral bone [48].

Discussion. Despite the fact that autologous chondroplasty is the «gold standard» to recover
damaged cartilage today, most specialists in regenerative medicine assume about tissue
engineering to become the leader in this field in the nearest decade [3, 7]. Today the spectrum of
cell sources and materials for the fabrication of its temporary media (scaffolds) were well outlined.

The research vector in cell-based technologies for cartilage tissue engineering aimes to the
gradual transition from the low differenciated stem cells to more mature sources, with the
possibility of pointwise change the gene expression to induct chondral phenotype. The work of
researchers and developers in this area are focused on optimizing the conditions for the cell
culturing (1), management mechanisms of their chondrogenic differentiation including growth
factors (2), remodeling of biomimetic structures in authentic cartilage (3), and getting a good
evidence in clinical trials (4).

Now it is established, and clinically used the sufficient arsenal of materials with high
biocompatibility and mechanical properties. They are more similar to own cartilage ECM and may
stimulate its formation in vivo. The use of nanostructured materials and composites, already
approbated for the fabrication of scaffolds in classical micro-size structure, open new additional
opportunities. Next tasks consist in the creation of “smart” biologically functional polymer
structures, capable to control the behavior of cells due to all stages of remodeling tissue-engineered
constucts [50]. At the same time lwasa et al. [21] based on the analysis of refereed literature
sources of past five years came to a conclusion about the absence of evidence-based arguments to
give preference methods of tissue engineering and bioengineering before classical ACT technique
or simple cell-free scaffold implantation. We see, near future will show a real place of these
innovative technologies in the restoration of cartilage lesions.

The key problem is to ensure a coherent complete remodeling this constucts into native-like
cartilage, that required predictable control impacts on the processes of settlement, proliferation,
differentiation and adequate phenotypic expression of cells in the scaffold matter remodeling in
autologous cartilage ECM. Fundamentally three control moments should be allocated: the
structure of scaffolds (1), the use of growth factors (2) and mechanical stimulation (3), which shall
be used only in the complex [4, 29].

Key-points of this development are concentrated around a further understanding the
molecular biology and pathophysiology of the cartilage, use of nanotechnology in the scaffold
fabrication with preset functions of management, problems of parallel control of the various
molecular regulatory pathways. The application of several growth factors, as well as growth factors
with non-chemical stimuli remains poorly understood area of research for cartilage tissue
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engineering. Technical and legal problems of tissue engineering in connection with the advent of
new technological trends are still a problem and needs to discuss.

In the nearest future the whole-cycle development of tissue engineered constructs de novo
based on bioinformatics analysis will come one of the promising approaches to achive significant
progress in the optimal control of the cell population and their subsequent phenotypic expression
on chondral phenotype. To realize this approach, one need to create consistently a database of
cartilage metabolomics mapping (1); hold a virtual simulation of biomimetic cartilage structures on
the basis of nanomaterials with necessary biocompatibility, biodegradation and chondroinduction
(2), develop the technologies to fabricate this biohybrid scaffold (3), and test its capabilities in
model experiments (4) and in vivo (5). Eventually this can lead to the creation of new tissue-
engineered solutions allowing to successfully remodel biohybrid constructs in functionally
complete cartilage.

Conclusion and perspectives. Tissue engineering of cartilage is certainly perspective field
in regenerative biomedicine; its short progressive development already returned many thousands
of people to active life and movement. This practical field of molecular biotechnology deserves to
subsequent steps of its development, was not less rapidly and successfully, based on the key
findings in molecular biology and epigenetics of cartilage. The whole-cycle development of new
three-dimensional and real-time-managed structures, fully remodeling within a few weeks after
implantation in natural hyaline cartilage beeng functionally complete and stable to subsequent
injuries, are presented the most successful in this way.
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Abstract. Damage of seeds which leads to destruction of the crystal lattice and the phase
transition of polymers is formed under the pulse pressure (PP) treatment. Biopolymers such as
starch compressed under specific conditions can be changed from crystalline to a glassy state; this
transition is known to extend the life of seeds. The aging of seeds is involved in the enzymatic
glycosylation of proteins and nucleic acids. Reducing sugars which have been produced in seeds by
non-enzymatic hydrolysis enter into reaction of glycosylation with proteins and amino acids
actively.

The authors studied the water absorption by seeds of buckwheat (Fagopyrum esculentum
Moench., cultivar Saulyk) treated by PP. The values of PP which were used to treat had an influence
on water absorption during the first hours of imbibition. When water content was 60%, hydrolysis
of reserve substances could begin, so water potential was created by osmotically active molecules.
Gibbs energy calculation by method of groups’ contribution indicated the reduction in probability
of starch hydrolysis in plant seeds during transition from the crystalline to the glassy state.

Keywords: pulse pressure; biopolymer; destruction; starch; buckwheat; hydrolysis.

BBenenue. B kauectBe ¢akropa, JENUCTBYIOIIETO HA pacTeHus], ObUIO BHIOPAHO WUMITYJIHCHOE
nasienue (M]]), cosmaBaeMoe NpOXOXKAeHHUEM yAapHOU BosiHbL W]l B umHTepBasie 3—35 MlIla
CIIOCOOCTBYET CTUMYJIMPOBAHUIO (PU3UOJIOTHYECKUX IIPOIIECCOB B CEMEHAX M PACTEHUSX, BEAYIIUX K
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YBEJIMYEHUIO YPOXKas, U OTOOPY YCTOMYHMBBIX K JJAHHOMY BO3/eUCTBHIO (opM (B /103aX, CHUKAIOIITUX
BCXOXKeCTh) [1].

Y opraHm3MOB B COCTOSIHUU IIOKOSI (BO3AYIIHO-CyXU€ CEMEHA, IBLIBIA, CIOpbI) (PU3UUIECKHEe
BO3/IENICTBUSA OCTABJIAIOT CKPBIThIE (IIOTEHITAIbHBIE) TIOBPEXK/IEHN, KOTOPbIE PEAIN3YIOTCSA BO BpeMs
repexosia KJIETOK B JKU3HENEATENIbHOE COCTOSIHUE [2]. AHaJIOTMYHO B ceMeHU Ipu obpabortke ]|
00pas3yroTcs MOBPEeXK/EHNA, KOTOPble Pa3BUBAIOTCA B JaJbHEHIIEM NpU XpaHeHUH. ITH 3h@eKThI
MOTYT OBITH CBSI3aHBI C JIPOOJIEHUEM, TOSIBJIEHUEM TPEIIWH, KOTOPble OYAyT MPOJIOJIKATh PACTU B
IIPOIeCCe XpaHEHWs, pa3pyIIeHHeM KPHUCTALIMYECKON pelIeTKH WiIN (Pa30oBBIMH IEPEXOIAMU
MTOJTUMEPOB.

[Tosmumeps! (1, B 9aCTHOCTH, OHMOTOJIMMEPHI B CEMEHAaX) MOTYT HAXOAUTHCA B PA3IMUHBIX
(azoBo-arperaTHbIX COCTOSIHUSX. [[JIsi MOJIMMEPOB XapaKTEPHbI KPUCTAJIUUECKOE, U aMOpP(dHOe
COCTOSIHHSI, TIPUYEM K TIOCJIEAHEMY OTHOCATCS CTEKJI000pa3HOe, BBICOKO3JIACTHYECKOE,
BSI3KOTEKy4Yee cOCTOsSTHUs. [lepexofbl Mexkay TpeMs IIOCJAeIHUMH COCTOSTHUSMU Ha3bIBAIOT
peJlakcallMOHHBIMHU. VX TeMIepaTyphl CyIleCTBEHHO 3aBUCAT OT CKOPOCTH iehOpMaIyu IMOJIuMepa
U MOTYT CMeIIaThCA Ha JiecATKH rpaaycoB [3]. Ilepexospl M3 OAHOTO COCTOSIHUA B JIPYTO€ 3aBUCT
OT TeMIepaTyphl U JaBjeHus. [Ipu BceCTODOHHEM CXKATHUU IOJIMMeEPA IIPU HEKOTOPOM JIaBJIEHUU
P.; (naByieHNU CTEKJIOBAHUA) MOJMMED MEPEXOAUT B CTEKI000pasHoe cocTosiHHe. MI3BeCTHO, YTO
repexoy; OMOIMOJIMMEPOB B CTEKJI000PAa3HOE COCTOSHUE MTPOJISAET JKU3Hb CEMSH [4].

Kpaxman B ceMeHax MOKeT HAXOJUTbCA B KPUCTALIMYECKOM WJIH aMOpPPHOM
(cTek1000pa3HOM) COCTOSTHHH. BBICTpOE yXy/AIIIeHEe COCTOSTHUSA CEMSH CBS3BIBAIOT C OC/IabIeHueM
CTEKJIO0OOPA3HOTO COCTOSTHUSA, OBICTPHIM THIPOJIU30M YIJIEBOJAOB M MHOXKECTBOM OKHCJIUTETbHBIX
IIpOoIIeCcoB [4, 5].

CrapeHue ceMsH [6], Kak ¥ JKUBOTHBIX M 4YeJIOBeKa [7], CONpPsIKEHO C IIPOIIECCOM
HepepPMEHTATUBHOTO TJIMKO3WJIMPOBAHUS OEJTKOB M HYKJIEMHOBBIX KUCJIOT (peaknus AMazopu-
Maiisipa).

HykjilenHOBBIE KHCJIOTBI UM O€JKM MOTryT OBbITb MOAU(DUIIMPOBAHBI € IIOMOIIBIO
MPUCOEUHEHUs] CaXapoB K HX CBOOOJHBIM aMHHOTDYIIIAM, UYTO BeJET K CTPYKTYPHOH W
(GYHKITMOHATIPHON IIepecTpoiiKke MOJIeKysl. [JIIoKo3a Kak ajibJIoreKco3a CIocoOHAa 0e3 yJacTHs
dbepmenTOB MOIMGUIIIIPOBATH OEJIKH B YCJIOBHAX in vivo [8].

[Tporecc HedepMEHTATUBHOTO IVIMKO3WIMPOBAaHWSA BKJIIOYAeT JBa OJrama. BHayase
MIPOUCXOUT 0OpaTUMOe OOpa3oBaHMe HAYaJIbHBIX IIPOAYKTOB 3a CYET CBA3BIBAHHSA TJIFOKO3BI CO
CBOOOHBIMHM aMHHOTPYIIIIaMKU C obpa3oBaHueM ocHoBanui Illudda u mnocaeayromumm ux
IpeBpamieHneM B 0OoJiee CTaOMJIbHBIE IPOAYKTHI AMazopu. 3aTeM IIPOUCXOUT HeoOpaTmmoe
00pa3oBaHUEe MPOMEKYTOUHBIX KaPOOHWIBHBIX COEAMHEHUU W KOHEUHBIX MPOJYKTOB IIyOOKOTO
mnko3wnupoBanus (AGE — advanced glycosylation endproducts). KoHeuHbIe TPOIyKTHI peaKIUU
Meiisspa TPyAHOPACTBOPUMBI, YCTOUUHBHI K TPOTEOJIUTUUECKOMY PACIIEIIEHII0, BECbMa aKTUBHBI
XUMHUYECKHA U CIIOCOOHBI 0OPa30BBIBATh BHYTPUMOJIEKYJISIDHBIE CIIMBKH, KOBAJIEHTHO CBA3BIBATH
Oenku, a TakyKe HEKOTOpbIe JIpYTHE BellecTBa, uUMelomue cBoOosHbIe aMuHOrpymmnbl (JJHK,
HEKOTOpbIE JIUITH/IBI ), XAMHYECKH MHAKTUBUPOBaTh OKuch azota (NO) [7, 8].

CrapeHue ceMsH COINPSI’KEHO CO CHIDKEHHUEM COJIep)KaHWsI B HHX BoAbl [6]. MokHO
MIPE/IIIOJIO}KUTD, UYTO CHIDKEHHE COZEPIKAHHUA BOJBI B CEMEHAX ITPOUCXOJIUT BO BPEMs THAPOJIM3A
OJIUTOCAaxXapuZoB TNpHu XpaHeHun [4]. Ilpm rHApOIHM3e MOJUCAXapPUAOB  IMPOUCXOJUT
repepacIipe/ieJIeHHe BOJIbI: YacTh CBSI3aHHOW BOJIBI BKJIIOYAETCS B CTPYKTYPY IIPOJIYKTOB.
B yacTtHOCTH, IPU NOJTHOM THAPOJIU3e Kpaxmasa (IpoIlecc TeEPMOAUHAMUUYECKH BO3MOXKEH IPH
H.y., CJIEJOBATEJIbHO, MOJKET MPOTEKaTh HeEepMEHTATUBHO) IO YpaBHEHHUIO (1) B COCTaB CyXOTO
BellleCTBa MOKeT BKJIIOUUTHCSA Macca BOJbI, COCTABJIAONMIAA 11,1 % OT Macchl KpaxMasa:

(CeH100s) n + N H20 = n CsH1206 1)

[ToMmumMO Kpaxmasia, THUAPOJIM3Y MOTYT IIOABEPraThCsA APYrHe IIOJMMEpPHBIE BEIECTBA,
BO3MOKHO 0O0Opa3oBaHHE KPHUCTALIOTHAPATOB, He Ppa3pylIAlONIUXCs MPU  TeMIIepaType
BBICYIITUBAHUS CEMSH.

Pacuernr [6] mokazasm, 4TO TpHU THAPOJIH3E 50,07 MT/T oaurocaxapuzoB (BepOacKoO3bl,
cTaxno3bl, papdHUHO3BI U caxapo3bl) BJIAKHOCTh CEMSH JIOJPKHA CHHU3UTHCSI Ha 0,4—0,5 %. Ira
BeJINYMHA TAKOTO JKe IMOPA/AKA, YTO U CHIDKEHHE BJIAKHOCTH IIpU Tepexosie u3 (pakiuu
HOpMaJibHBIX ceMsH | Bo ¢pakimuio cemsaH |l, U3 KOTOpPBIX BBIPACTAIOT IPOPOCTKU C
Mopdosiormueckumu gedekramu. I103TOMy MOXKHO HPEIOJIOXKHUTh, YTO HAYAJIO CTapEHUS U
yMeHbIIIEHHEe BJIQXKHOCTH CEMSH BBI3BAHBl THJIPOJIM30M OJIUTOCAXapUZ0B, IIPU KOTOPOM
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BO3pacTaeT KOJHUYECTBO IJIIOKO3bl. V3MepeHUe COZep KaHUs IVIIOKO3bI B IOPOIIKE CYyXMX CEMSH
TEPMOXEMIJIIOMHUHECIIEHTHBIM METO/IOM U IVIIOKOMETPOM B CyllepHaTaHTe TOMOTeHAaTa IOPOIIKA B
JUCTHUTMPOBAHHOU BOJIE MOKa3ajiu, uTo ceMeHa (pakmuu II comepkar B 2—3 pasa OoJiblie
TJIIOKO3BI, ueM ceMeHa dpakiuu I [6].

Bo3Hukime B ceMeHax Npu HedepMEeHTaTHBHOM THAPOJIM3e pPeAyIUpYIIIue caxapa
aKTUBHO BCTYNAIOT B PEAKIUH TJIMKO3WJIMPOBaHUSA ¢ OeJlKaMH ¥ aMUHOKUcIoTamu. Majioe
COJlepKaHHEe BOCCTAHABIMBAWOIIMX CaXapoB B CyXHX CeMeHaxX SBJSeTCA 3alllUTOH  OT
HeepMEHTATHBHON aMHHO-KapOOHMJIPHOM peakI[iu, KOTOpas aKTHBHO IMPOTEKaeT B 00JacTu
BJIQJKHOCTEH oT 6 710 15 % [6].

OIeHUTh BO3MOKHOCTh CAMOIIPOM3BOJILHOTO MPOTEKAHMS IIPOIecca THAPOJIN3a Kpaxmasia B
ceMeHax BO3MOYKHO C IIOMOIIBI0 N300apHO-U30TEPMUUECKOTO IToTeHITuaa (9Heprus ['nb6ca).

MarepuaJjbl 1 METOAbI. B 5KcIieprMeHTax UCIOJIb30BaIN pacTeHus rpeunxu (Fagopyrum
esculentum Moench.) copra Caysnbik. O6pabotky cemsH ¢ V]I MpoBOIMIIN B COOTBETCTBHUH CO CXEMOM
(puc.1) [9]. Ha 1HO KOHTeliHepa U3 HeprKaBeloIel cTau (1) YKIabIBaIM IIOPOJIOHOBEIE KacceTa (2) ¢
ceMeHaMH (3), 3aKpBITHIMH CETYaThIM MaTepuasioM. KoHTeliHep 3arosHsIA BOOH (4), 3aKpeIuisid
BOJIOCTOMKOE B3PHIBUATOE BelllecTBO (5) ¢ Maccoir Q Ha paccTosHUHM R OT HOBEPXHOCTH CEMSH IIpU
TIOMOIIY IUTACTUHEI (6). [TpoM3BOANUIIH IETOHAIIUIO C CIIOJIb30BAHUEM BJIEKTpoJieToOHaTopa (7).
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Puc. 1. Cxema ycrporicTsa ayis1 o6pabotku cemsH 1/1:
1 - KoHTeliHep; 2 - KacceTa ¢ ceMeHaMH (3); 4 - BO/Ia; 5 - B3pbIBUATOE BEIECTBO; 6 - IJIACTUHA;
7 - 3JIEKTPOZIETOHATOP

KoHTposibHBIE ceMeHa W3BECTHOM Macchl MOMEIAJIM B BOAY Ha 2 Yaca, a ONBITHbIE, TaKXKe
IIpe/IBAPUTENBHO B3BellleHHble, IIOJBEPTJIM yJapHO-BOJIHOBOM 00paboTke, TmoOcjae Yero
IIPOZIOJIKAJIN BBIZIEPKUBATH B Bozie. Uepe3 1 yac M 2 yaca BCe NApTUU CeMsAH B3BEIIUBAIU U
OIIpeZIeJIANIA COIEPKAHNE BOJIBL.

PacueTr n306apHO-U30TEpMUYECKOT0 IIOTEHI[MAIA Tpou3BoAMiIcA o Meroay Ban Kpesesiena
u Yepmena [10]. /laHHBIH MeTOJ, IO3BOJIET YYUTHIBATH OCOOEHHOCTH (Da30BOTO COCTOSHUA
IIoJIMMepa, Mo/iBeprarolierocs rusipoausy. [Ipu pacuere 6pI0 IPUHATO, UTO KpaxMasl COCTOUT HA
100% U3 aMHJIO3BI, a TAKXKE TO, UTO IJIF0OK03a, 00pa3yoIascsa B pe3ysbTaTe Ipolecca TUAPOIn3a
aMMJIO3bl, HAXOJAUTCA B alIUKJINYECKOM COCTOSHUU.

O0cy:kaeHue pe3yabTaToB. B mepBbie yachkl HaOyxaHUs BO/Ia MOTJIOIIAETCS B OCHOBHOM 3a
CYeT MATPUYHOIO IOTeHI[Hasia OMOIOJMMEPOB, a TaK)Ke IIyTeM aJcopOIMH Ha ITOBEPXHOCTU
yactull. ToJbKO TIpU JOCTHKEHUHU 60 %-HOU OBOJHEHHOCTH HAUMHAETCS THAPOJIN3 3aIlacHbIX
BEIIECTB, MOSBJISIIOTCSI OCMOTHYECKH aKTHBHBIE MOJIEKYJIBbI, CO3/IAI0IIEe BOAHBIA MOTEHITUAI [11].
CrnenoBaresibHO, IOTJIOIEHNE BOBI B IIEPBBIE YAChI CBA3aHO C COCTOSTHUEM OHOTIOJTUMEDPOB.
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[Ipenmnosioxxum, 9To mOA AeiicTBreM V]I MIPOUCXOAWIN CIIEAYIONINE U3MEHEHUST COCTOSHUS
OMOIIOJTUMEPOB: 1) pa3pbIXJIEHNE CTPYKTYPhI M yBEJIMYEHHE ITPOCTPAHCTBA MEXKAY YaCTHUIIAMU;
2) poCT UMEBIIUXCSA 10 BO3/IENCTBUA MUKPOTPEIUH U pa3jlaMblBaHUE YaCTHUII; 3) JOTIOJTHUTETBHOE
yBeJIMYEHHE a/ICOPOUPYIOIIEN TOBEPXHOCTH 3a CUET PAa3JIOMOB 1 MUKPOTPEIIHH.

UYepes 1 yac nocste Aerictsusa M/ norsoieHue BOAbI HAPACTAJIO JUHEHHO (pUC. 2), TOCKOJIBKY
BO/Ia, BUJIIMO, TIOCTYIIajIa B IPOMEKYTKH MEXK/Ty MaKpOUacTHUIIaMU.
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Puc. 2. TlorsoleHrie BObI CEMEHAMU TPEYHXH B 3aBrcuMocTH OT W/I: a — cpasy mociie
00paboTKH: 1 — CyXre ceMeHa, 2 — 1 9ac, 3 — 24 Jac

Uepes 2 yac oOHApPY:KeHBI TPU SKCTpeMyMa Ha KPUBOM 3aBHCHUMOCTH MOIVIOIIEHUS BOZBI OT
BeJIMUMHBI Bo3JieiicTBoBaBiero M/l. CienoBaTesibHO, Ha MOIJIOIMIEHUE BOABI AEHCTBOBAJIU, IO
KpaiiHell Mepe, TpU IIpoIlecca, KOTOPble U3MEHSUINCh MO-Pa3HOMY B 3aBHCHMOCTH OT BEJIUYHHBI
NJ. Ormerum, 4TO B 3TO BpeMs IOIVIOLlEHWe U yJiep:KaHue BOJBI CBA3aHO € IIpolieccaMu
aZiIcopOIIUU U B3aUMOJIeHCTBUA THAPO(PUIBHBIX IPYIIIUPOBOK. YCUIeHUEe TOTJIOMIEHU BOIBI IIpU
Huszkux U]l (11—20 MIla) ObLIO CBA3AHO C pacUIMpeHHEM NPOMEXKYTKOB MeXAYy YacTHUIAMU U
yBeJINUeHUEeM JIOCTYITHOCTU THAPOQUIBHBIX T'PyNN JUIs BOABL. TOpMOXKeHUe IMOIJIOIIeHUs BOJIbI
npu 1]/ 23—29 MIla morsio ObITh BBI3BAaHO CMeIleHUEeM HJIN Pa3jIoOMOM I'MAPO(UIbHBIX YACTHII.
AddexT nposABsiIca He cpasdy, a B Ipollecce HaOyXaHHA, KOTJa OMONOJIMMEpPHI MepeXOAuiu B
KOJUIOUJIHOE COCTOsHUe, (OPMHUPOBAJIU TPETUYHYI0 U YETBEPTUUHYIO CTPYKTYPY, AaKTHBHO
BKJIIOUasi ruzipodmiIbHO-TuApodoOHbIe B3aumoaerictBus. NJ[ 35—41 MIla BbI3bIBAIM CUJIbHBIE
U3MEHEHHUS CTPYKTYPbI, IPU KOTOPHIX OOJBIIMHCTBO CEMSAH YTpPAayUBAJIU CIOCOOHOCTh K
MIPOPACTaHUIO, OJHAKO CIOCOOCTBOBIM POCTY aJ[cCOPOUPYIOIIEN IMOBEPXHOCTH W YCHUJIEHUIO
MIOTVIOII[EHHs BOJIBI Yepe3 1—2 uyac HabyxaHusdA. B maspHelmieMm, KOrja B IPOIECC MOIJIOMIEHUSA
BO/IbI BOBJIEKAJIUCh OCMOTHUYECKU AKTUBHBIE IPOAYKTHI TUAPOJIN3a, OH OCTAHABIUBAJICS.

B mensix cpaBHEHHA YCTOMYMBOCTH K THUAPOJIU3Y aMEJIO3bl, HaXOZAIIEHCA B aMOpPHHOM
(creksio06pasHOM) U KPHUCTAIMYECKOM  COCTOSIHMM ~ OBUTHM  TIPOBEAEHBI  PACUEThI
TEPMOJVHAMUYECKNX GYHKIMH /IS ABYX TPAaHUYHBIX COCTOAHUN (aMmuio3a IIOJTHOCTHIO
aMmopdHas, aMUI03a MOJHOCTHIO KPUCTAJUINYECKAs).

Jlna mpoliecca THAPOIN3a, NPU KOTOPOM MCXOJHAsA aMWIo3a HaxoAuTcad B amMOpdHOM
(cTeks1006pa3HOM) COCTOSTHUU, TOJIyIEHBI CIIETYIONINe 3aBUCUMOCTH:

AG) =AH) —AS) - T )
AGg’aK =-76857+177,78-T [oc/monv (3)
AH; =-76857 [Jorc/ monw (4)
AS) =-177,78 Joic/monw (5)

Jos nponecca ruiposin3da, IIpyu KOTOPpOM HCXOAHAA aMHWJI03da HAXOAUTCA B KPUCTAJIVIMYECKOM
COCTOAHHNH, IIOJIYUYEHBI CJIEAYIOINNE 3aBUCUMOCTH:

AG) . =-68477+1254-T Jloc/mons (6)
AHE =-68477 [oic/mone @)
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Asg =-125,4 [/ mom (8)

0 0
Tak xak npu wusmeHenun Ttemmepatypbl AH u AS] MeHAIOTCA Maso, TO B NEPBOM
MPUOJIMKEHUN MOXKHO CUUTATh AGg JIMHEUHOUN (yHKIHEHN oT TeMmnepaTyphl. [aa OOJIbIIMHCTBA

IIOJINMEPOB SKCIIepUMEHTAIbHble BeJIMYUHBl U3MEHEHUs AGg or T B uHTepBajse 400—600 K

MMPAKTHYECKU BCer/ia ABJIAIOTCSA JIMHEHHOU (PyHKITHEH [12].

Ilpu T, ., cucTeMa HaXOAUTCS B PABHOBECHU, B HEH HE IIPOTEKAIOT IIPOLECCH! THAPOJIN3a U

HoJIMKOH/ieHcanuu [12]. OnpesenuM TeMIeparypy, [pH KOTOPOH cucreMa OyJeT HaxXOAUTHCSA B
paBHOBECUU AGg =0:

AH? 76857
T =— P = = 432(K) =159(°C 9
amop®,npes Asg —177,78 ( ) ( ) ( )
AH®  _
_A% _ZB8TT sek) = 273¢0) (10)

T =
el T ASY 125,

Takum o0pa3oM, KpaxMmas, HaxXOAIUNCA B KPHUCTAIMYECKOM COCTOSTHUU PEAKIIMOHHO
crtocobeH Ha O0JIbIIIEM MHTEPBAJIE TEMIIEPATYP U MEHEE YCTOUIUB K THAPOJIU3Y.

0 900 -
Paccunraem AG, npu Temneparype onbita 7' =20°C':

AG° = -68477 +125,4-293 =-31734,8 Jorc/ mos (11)

KpHUCT,p,293 T

AGY, 05203 = -76857 +177,78.- 293 = -24767,46 [loic/monw (12)

0
Tak kak AGP293 <O, TO B 00eux cucreMax BO3MOKHO CaMOIIpOMU3BOJIbPHOE IIPOTEKAHUE

nmponecca ru/poJimn3a. OpHako B CHUCTEME, B KOTOpOﬁ aMMWJI03a HaXO0AUTCA B KPUCTAJIMYECKOM
COCTOAHHNH, XHMMHYECKOE CpPOACTBO BbIIIE, T.€. CHJIbHEE CTPEMJIEHHE CHCTEMBI K IIPOTEKAHUIO
AAaHHOTO IIponecca u TEM JaJIbIIIE€ CUCTEMa HaXOAUTCA OT COCTOSAHHA PaBHOBECHUA.

3axiaouenue. Kak BUIHO U3 BBIIIEU3JIOKEHHOTO, U3MEHEHHE COCTOSHUSA IOJMMEPOB
Ype3BBIUANHO CJIOKHO, OJJHAKO OHO 3aBUCHUT OT MapaMeTpoB Ha (pOHTE yJapHOU BOJHBI —
JlaBJIeHUs, TeMIlepaTypbl U CKOPOCTU UX u3MeHeHHsA. CieloBaTesIbHO, OKa3bIBas BJIUSHHE Ha
rapaMeTpbl CTEKJIO00PAa3HOTO COCTOSHUSA OHOMOJIUMEPOB ceMAH IyTeM obOpaborku W]/, MbI
cocobcTByeM U3MeHeHHsAM OHOIOJIMMEPOB U IIapaMeTPOB BBIXOZA U3 COCTOSIHUA IIOKOS,
BEPOATHOCTH IIPOTEKAHUS IIPOIECCOB MX THUApON3a. B pe3ysbrare pa3BUBaeTCsA MOCTIENEHCTBHIE
WJI y 1popoCTKOB ¥ B3POCJIBIX PACTEHUH.
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AnHortamusa. IIpu o00paboTke UMIYJIbCHBIM JIaBJIEHHMEM B ceMeHax o0pasyroTces
MIOBPEXK/IEHNS, KOTOPbIE NPHUBOJAT K PAa3pyLIEHUI0 KPUCTALIMYECKOU pelIeTKu U (Ha30BBIM
Iepexo/iaM MoJIuMepoB. IIpu c:kaTHU B ONpe/Ie/IEHHBIX YCIOBHUAX OMOMOINMEpPHI (KpaxMaJ) MOTYT
IIEPEXO/IUTh U3 KPUCTA/UIMYECKOTO B CTEKJIO0OpPa3HOE COCTOSHUE, UTO IPOJUISET KU3Hb CEMSH.
CrapeHue ceMsH COIPSKEHO ¢ IporieccoM HehepMEHTATHUBHOTO TJIMKO3WJINPOBAHUSA OEIKOB U
HYKJIEMHOBBIX KHCJIOT. BO3HUKIIME B ceMeHax Tmpu HepepMEHTATUBHOM THJIPOJIH3E
peAynupyIoIue caxapa aKTHUBHO BCTYNAIOT B PeAKIWH TJIMKO3WINPOBaHUS C OelkaMu u
aMHUHOKHCJIOTaMH.

ABTOpaMM W3y4yeHO TMIOTJIOIIeHHue BOAbl ceMeHamMu rpeunxu (Fagopyrum esculentum
Moench.) copra Caysbik, oopaboranabivu N/, Benunna U], ncmoib30BaHHOTO Tpu 00paboTKe,
BJIMSIJIa Ha TIOIVIOIEHWE BOJbI B IEpBble 4Yachl. IIpu JocTikeHUH 60%-HOUW OBOJHEHHOCTU
HAuYMHAJICS THAPOJU3 3alacHBIX BEIIEeCTB, IMOSBJISUIUCH OCMOTHYECKU AKTHUBHBIE MOJIEKYJIBL,
co3zaroniye BoHbIN noTeHnyan. Pacuer suepruu 'n66ca MeTO0M IPYNIIOBHIX BKJIA/IOB YKA3bIBAT
Ha NOHIKEHUE BEPOATHOCTH IPOTEKAHMS IIpollecca THAPOJIN3a KpaxMayia B CeMeHaX pacTeHui
IIPU IIEPEXOJie U3 KPUCTAJUTTIECKOTO B CTEKI000pPa3HOE COCTOSHUE.

KiroueBble cj10Ba: HMIYJIbCHOE /aBJeHUe; OWOIOJMMED; paspylleHue; Kpaxmad,
rpevyuxa; TUAPOIIU3.
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