ONMNOPHO-TPOPUHECKUE
(COEOAUHUTENDBbHDLIE)
TKAHM.
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S OHTOI€HE3e — Me3eHXuMa




Me3eHxuma
cTouHUKN 0Dbpas3oBaHNs ME3EHXUMBI
PasnunyHble y4yacTtkm mesonepmbli
[epmaTom
CknepoTtom
BucueparnbHbIn NMTIMCTOK CnilaHXHOTOMaA
HenpomeseHxnma (9KToMeseHxnma) TS
HepBHbIU rpebeHb ([[aHrnno3Has nnacThiHka)
[eTepOoreHHOCTb Me3eHXUMbI
ObycnoBneHa pasnmMinemMm NCTOYHUKOB CBOENO NMPOMNCXOXOEHUS
N HeogmMHakoBa No cBonM andppepeHUNPOBOYHbIM NOTEHLUAM
HanpaBneHuna anpdepeHUNPOBKM :
JHOoTEeNnmn
Bce Bmnabl TkKaHen BHYTPEHHEN cpeabl
[ Magkasi MbllLeYHasi TKaHb BHYTPEHHOCTHOIO (BUCLEParibHOrO)
TMna

[MuanbHble Makpodarn (KNeTkn MUKPOTrNnnM) HEPBHOM TKaHW




PYyHKLUU
1.f'omeocTaTnyeckue (pyHKLUUN, CBA3aAHHbLIE C
TPAHCMOPTOM BELLECTB, MEXaHU3MaMN NoaaepKaHus
banaHca opraHM4YeCcKnx BeLlecTB, BOOHO-
3NEeKTPONUTHOro coctaBa, ryMmoparnbHOWU perynsumen,
yydyacTmem B TeMrnepaTtypHOM romeocTtase.
2.3aWUTHbIe, obecrnevnBaroLLne MEXaHUYECKYIO
3awunTy, Hecneundgunyeckme n cneunduyeckue
rymoparbHble N KIETOYHbIE MEXaAHU3MbI.
3.0nopHasn, dopmoobpasyroiasa pyHKUNN,
bYHKUMNA MUKPOOKPYKEHUA ANA OPYrnx TKaHEW.
4.llnacTnyeckas, BnudatoLlasa Ha npouecchl
pereHepauun gpyrmx TKaHeu, a Takxke
obecne4ymBatloLLlas 3ameLleHne HeobpaTnmo
NoBpPeEXAEHHbIX TKaHEWN.



Knaccudgmkauuma
coeaAVHUTEelbHbIX TKAHEeWn

N\

CKEJIETHbIE

CO CMNEUUATIBHBIMH
CBOUCTBAMMU

KPOBb U
JTIMM®A

\/

BOJIOKHUCTBIE
(COBCTBEHHO COEANHUTEIIbHBIE TKAHW)




Knaccudgmkauuma
coeaAVHUTEelbHbIX TKAHEeWn

BOJIOKHUCTDBIE Pbixnas
(COBCTBEHHO BONOKHUCTaS
COEAUMHUTEJIbHbLIE HeodpopMMneHHas
TKAHM)

MnoTHan
BOJTIOKHUCTas
HeodopMIeHHas

NMnoTHas
BONTOKHUCTasA
ochopMneHHas




Pbixnasa BonokHUcTasa HeodopmrieHHas

OCO0OEeHHOCTU: MHOIO KIeTOK, Mario MeXKneTo4yHoro
BeLlecTBa (BOSIOKOH 1 aMop(HOro Belwecrsa), BOJfIOKHa
He ynopsano4eHbl

Jlokanusauunsa: CTeHKN MHOIMUX opraHoB, agBeHTULUMUA
cocynos, coOCTBEHHas NrfacTuHKa CIIN3UCTbIX
OGOHOHGK, noaAcCIIN3nCTad OCHOBa, Mexay MbilleYHbIMU
CITOSAMM.




PdubpobnacTtol (lOHbIE, 3penble, hndpounTbl,
MnohubpoodnacTtol, hubpoknactel) NB!!!! MEXAHOUUTHI

Makpodarn. O6pasyroTcs N3 MOHOLUTOB KPOBM.
PYHKUUN — SHOOLUTO3, NpeacTaBrieHUe aHTUreHa,
BbipaboTtka BAB.

Ty4dHble KneTKu. B rpaHynax — renapuH, CepOTOHWUH,
rmcramMmuH, Xxumasa, Tpunasa. PyHKUMu —BbICBOOOXAEHUEe
coaepXUMoro rpaHyrsn, BTOpM4yHoe norrnolieHme u CUHTe3
BAB.

AaBeHTUUMarNbHbIE KIeTKU, NepUlmnTbI,
3HAOTEeNnanbHble KNeTKN, MUrMeHTHbIe KIeTKM!,
XUPOBbIEe KNEeTKU, fienkounTbl (M3 CocyaoB).

NnasmaTtnyeckune KneTku (oobpasyrorca us B-
numcdounToB). PyHKUNA — BbIpabOTKa aHTUTET.




MexkKkneTto4yHoe BelwecTBo. KonnareHoBble BOriokHa (4
YPOBHS1 OpraHn3auum.

HHoauneruanas uenb (MPOJUH, JU3UH, NIMIUH HIH00ada Apyras) —
CyOMOJIEKYJISIPHbIA YPOBEHb.

MoJiekyJsipHbIi YPOBEHDb — 3 1IENHA @
3

1 Amino acids inclod ng
glycime, proline & Lysine

Muxkpopudpuiia —

HECKOILKO 7 Asgrecatien of collagen
MOJIEKYJI, CHIMTBIE ot i e
KOBAJICHTHLIMH
CBSI3SIMH

2 Assembly and hydroxylation
of polypeptide (procollagen
chain with termina
segments

w

Association of procollagen
chamms through tzrminal
seqments

DudpuILIIa

,,,,,,,,,,,,,,,,,,

5 Passace of procollagen

molecules to extracellular 4 Assembly of thres

space, & subsequent removal srocollagen chains

of terminal segments to - Q:::? - nta one procol agen

Leave tropocollagen © O Io) ) molecule with helical
i conformation
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B 3aBHCMMOCTH OT aMHHOKHCJIOTHOIO COCTaBA,
KOJHMYECTBA MOIEPEYHbIX CBA3CH, IPUCOCTMHEHHBIX
YIJIEBOAOB U CTENEHU T'NAPOKCUIUPOBAHUSA — 10 15
THUIIOB KOJLJ1areHa.

Cnupajn3oBaHHbIE MOJIEKYJIbI
LILILVXI

—eo———" @

I7100yJasipHbIE€ YACTH MOJIEKYJIbI

KucJble INIMKO3aMHUHIVINKAHDI

ViIiLX

. VI
o —

. I IX 2 E XII -0




DIACTUYECKHUE BOJOKHA — CHAPYKU MUKPOPUOPUILIIbI, A BHYTPH —
0€JIOK 3JIACTHUH.

PerukyjsipHbie BOJIOKHA — PAa3HOBUIHOCTh KOJUIATCHOBBIX BOJIOKOH.
XOpoI1o OKpaMBaTC COJSIMHA cepedpa — 0TCIOAAa TEPMUH
«aprupopmibHbIE)» BOJOKHA.

OcHoBHOe (amop(dHoe) BelecTBo:
InmukozamuHIimmkansl (I'A@) (Hecyab(aTrupoBaHHbIC U
CyJb(paTUPOBAHHBIC) — THAJYPOHOBASA KUCJIOTA.

IIporeornmukansl (AT + 0e10K) — XOHAPOUTHH-4-CYyJIbdarT,
XOHAPOUTHH-6-CYJb(]AaT, fepMaTaH-CyJab(aT, renapaH-cyjab@ar,
remnapuH.

IuKkonpoTenHbl — PUOPOHEKTHH, TAMUHUH AP.
KoncucreHuuss amopgHoOro Beiecrsa — jxkejeodpasHasi.



[MTnoTHaa BonokHUCTasa HeohopMneHHas

Oco6eHHOCTU: Mano KNeToK, MHOro BONTIOKOH U BONOKHa
He yrnopsAAoYeHbl

Jlokanusauus: ceT4yaTbIn CIIOU KOXU, HAAKOCTHMLA,
HaaXpALWHULUa.




[MnoTHaa BonokHUcTasa ohopmneHHas

OCco6eHHOCTN: Mano KNeTokK,
MHOrO BOJTIOKOH U BOJIOKHA
coOpaHbl B Ny4YKu
(ynopsipoyeHbl)

Jlokanusauusa: cyxoxunus,
CBAI3KU, Kancynbl, pacumu,




Knaccudgmkauuma

coeaAVHMUTEelNbHbIX TKAHEeWn

CO CNEUUATIbHBIMUA
CBOI?ICTBAMI/I

\ g ’KnpoBas TKkaHb
NMurmeHTHas TKaHb

CtyaeHucTasa coeguHUTENIbHaA TKaHb
PeTukynsapHasa TKaHb



XXupoBas TKaHb
rokKanusauums

bejas skupoBasi TKaHb bypas xupoBasi TKaHb

HpI/ICYTCTByeT Be3/e Mexay JonarkaMmu, 0K0JIO MOYEK U
U TOBUIHOM xkejie3bl. MHOIO y 1u1oaa.

ITocJe POKIACHHUA €€ KOJIUIECCTBO CUJIBHO
YMCHbIIIACTCS




KIICTKH

B nuromiaasme — oxHa
OosibIIas KamJjs ;xupa. Aapo
U OPraHeJuibl OTTECHEHbI K
nepudepun. Mexay
rpynnaMm aunonuToB —
MPOCJONKHU PHIXJION
Heo(POpPMJICHHOH
BOJIOKHUCTOM C.TK.

B M TOIJIA3ME — MHOTIO
MAJICHBKHUX KalleJb ;kupa. Aapo u
OpPraHe/uibl pacnoJoKeHbI B
HeHTpe KJIeTKu. MHOro
MUTOXOHApUH. Ho 3Heprust He
3anacaercsd B Bujae AT® a
paccenBaeTcs B BUjE TeIia.
IHoyTOMy PyHKIHA —
Temioperyiasuusa. bypbiu user
00yCJIOBJICH HAJIMYHEM
HUTOXPOMOB (KeJ1e30CoaAepKanii
IIUTMEHT).




NMurmeHTHas TKaHb

O6bIYyHas pbiXfias UMY NNOTHas coeauHNTenbHas TKaHb,
cogepxallana 6onbLloe KONIM4YeCTBO MUMIMEeHTHbIX KJ1eTOK.

JNlokanusaumsna: cocyaucTtasi o6onoyka rnasa, Koxa B
o06s1acTU COCKOB MOJIOYHOW Xene3bl, poauMble NATHA,
HeBYCbI.




PeTukynsipHasa TKkaHb

O6pa3yeT MArkyro CTPOMy OpraHoB KPOBEeTBOPEHUS U
UMMYHMTeETA.

KneTku: peTukynspHble KNneTku (pasHOBUOHOCTb
dnbpobnacToB), ob6pasyroLme cetb C NOMOLLbLIO

oTpocTkoB. MoryT npucytcrtBoBaTb Makpodaru, Ty4yHble
KNeTKu, nrasmaTnyeckme KneTkm u agunoumThbl.

MeXKneTo4yHoe BelecTBO — PeTUKYIISAPHbIe BOJSIOKHA —
Pa3HOBUAHOCTbL KOMJSlareHoBbIX BOFIOKOH, XOPOLUO
OKpawuBarTCcAa conamm cepebpa. OCHOBHOe BeLweCcTBO —

TKaHeéBasA XNOKOCTb.




CtyneHucTasa coeguHuUTenbHas TKaHb

OCcoO6eHHOCTU: Mario KreToK U BOJYIOKOH, MHOIO
amMopHOro BellecTBaa.

JNlokanunsaumsa: nynoyHbIin KaHaTUK (BapToOHOB CTyAEHb)

Knetkun: manoand depeHumnpoBaHHbie pnbpobnacTel B
HeOONbLUOM KONnn4yecTBe.

MeXXKneTo4yHoe BeLlecTBO — Mafnio TOHKUX KosnareHoBbIX
BOJIOKOH. B OCHOBHOM BellecTBe rMaBHbIM 06pa30M
rManypoHoBasa KUCIoTa.







B rpynny CKemneTHbIX COeaANHUTEelbHbIX TKaHeun
ITH TKAHU BBINIOJIHAOT:

] MeXaHU4YeCKUe U O0OMeHHbIe (DYyHKIIUHU:

| y4aCTBYIOT B CO3IaHUM ONOPHO-ABUIaTEJIbLHOIO anmapara,

| 321U AT BHYTPEHHHUE OPraHbl OT MOBPEXK/IACHUM,

| y4acTBYIOT B 00MeHe MUHEPAJbHbIX BEIECTB (KAJbIMA U
dbocdaro).

| XpsAlIeBble TKAHU UTPAKOT (POPMOOOPAZYIOIIYIO POJIb B MpoLecce
IMOpPHOreHe3a U MOCJAEeAYIOIEero pasBuTHA: HA MeCTe MHOTHX
KOCTell BHaYaJie o0pa3yeTcst XpsIil.

ICnocoOHOCTH BBINOJHATDH NepevYucjaeHHble GyHKINN
onpeaeasiercss 0c000M NMPUPOAON MEKKJIETOUYHOI'O BeleCTBA
TAHHBIX TKaAHEH.

IKak 1 Bce NpoYyHe TKAHU BHYTPEHHEHN Cpeabl OpraHu3mMa,

CKCJICTHDLIC TKAHHU PA3ZBUBAKOTCH M3 MC3CHXMMbI RJICTKH KOTOpOﬁ,
B CBOI0 04Y€pPCIAb, BBICCIAIOTCH U3 COMUTOB U CILNIAHXHOTOMOB







HYPOTHETICAL BONE CELL LINEAGE HYPOTHETICAL OSTEOCLAST LINEAGE

HepBHbIN SM6pPUMOHanLHAas MesoaepMma AMOpuoHanbHasa aHgoaepma
rpebeHb M npexoppanbHas nnacTuHKa

e , }
{ Embiyonic‘haemal cell

Embryonic yolk sac

AMOpUuoHanbLHasa Me3eHxnma

Haemopoietic stem cell
(pluripotential)
CTpomanbHble
CTBOJIOBbI€ KNEeTKU Granulocytelmonocyte Erythroid stem cell
stem cell CFU-GM CFU-E

2-NOTEeHTHbIe POAOHOYaNbHUKN 3-NoTeHTHbIe poAOHOYaNbHUKN
Erythrocyte
‘ I ‘ Granulocyte Monoblast <-»-- Osteoclast
‘ l ’ precursor

XoHgpo6nacT- OcTeobnact- ﬂ“: KneTkm  nepuuuTbl agMnouunTbl A
npeawecTBeHHUK = NpeawecTBeHHUK e SR Monocyte =~ Oszeocl_as:
. KOCTb rogenitor
. L (ﬁmnugleqr
M Kage postmitotic)
XxoHAgpobnact --?-- oOcCTEOOnacTr :2 ——-
______ ?-.. t
l 1 Macrophagic
ocTeoumT Bone lining cell gzcgl?t

XOHOPOUUT




DuU3nYeCKHE CBOMCTBA. MeXKJIETOYHOE BeleCTBO JaHHbIX TKaHei
NPUIAECT UM IBA BAXKHEHIIIUX CBOMCTBA: YIPYIOCTH U MPOYHOCTD.

JNlokanusauua. baaroanapsi 3TuM cBoiicTBaM, XpsileBble TKAHU
HUCNOJIb3YIOTCS KaK '"'CTPOUTENbHBIN MaTepuaa' B CJAeAYIOIHX
MeCcTax: B 00J1aCTH CYCTABOB (MIOKPBHIBAS CYCTABHYIO IIOBEPXHOCTh
OTHOCHUTEJILHO Y3KHM CJIoeM), B MeTau3zax (T.e. MeK1y dInudu3om u
auapu3oM) TPyOUATHIX KOCTEH, B MEKITO3BOHKOBBIX AMCKAX, B
MepeaHux oTaeax pédep, B CTEHKE AbIXaTeJbHbBIX OPraHoB
(ropranu, Tpaxeu, OPOHXOB).

HaaxpawHuua Bo MHOruX ciaydasix Xpsill HOKPBIT HAAXPAIIHUALIEH

- BOJIOKHUCTO! COCTMHUTEIbHOU TKAHBIO, KOTOPAas YYACTBYET B
pocTe U NMUTAHUM XpAIA. B psajge ciayyae HAAXPAIIHALLI HET —HAII-
puUMep, Y CYCTABHBIX Xpsllei, MOCKOJbKY IMOBEPXHOCTH MOCJIEIHUX
H0JIKHA OBITH IVIAAKOM. 3/1eCh MUTAHME OCYILHECTBJISAETCHA CO CTOPO-

Hbl CHHOBHAJBbHOM KHUIKOCTH M CO CTOPOHBI MOIJIEKAIEH KOCTH.
B



Enié oqHa BakHasi 0COOEHHOCTH XPSIIEBbIX TKAHEH - OTCYTCTBHUE
KPOBEHOCHBbIX cocynoB. [lo3TOMy nuTaTe/ibHbIC BelIeCTBA
MOCTYIAT B XpALIl NyTéM TU(Py3un u3 nepevucJeHHbIX BbIIIe

o0pa3oBaHMil (COCYI0B HAAXPAIIHUALbI, CHHOBHAJbHOM KMIAKOCTH,
NnoaJIesKaIen KOCTH).

IIpu nepecajake Xpsiia NPAKTHYEeCKU HE PAa3BUBAETCS peaKIusi
OTTOPKEHN - H3-32 OTCYTCTBHMSI B HEM COCYI0B M HEIIPOHMIIAe-
MOCTH MEKKJIETOYHOI0 BeleCTBA AJIsl KPYITHOMOJIEKYJISIPHBIX
0esikoB. U TO, 1 Apyroe npensircTByeT KOHTAKTY C MepecasKeHHbIM
XPAIIOM HMMYHOKOMIIETEHTHBIX KJIE€TOK U AHTUTEJI.




TUIMUWYHBIE CTPYKTYPBI U KOMIIOHEHTHI XPSIIIIENA

KJVIETKH XOHJAPOLMUTHI PA3IMYHOM CTENEHU 3PEJOCTH

BOJIOKHA

MEXKIETOYHOE

BELIECTBO OCHOBHOE BEIIECTBO (MATPUKC)

AJI'E3UBHBIE INIMKOITPOTENUHbBI

OUBPOHEKTHUH
XOHAPOHEKTHH

I'MAJTYPOHOBASA KUCJIOTA

INPOTEOIJINKAHBI

AHKOPHUH

AT'PETATHI IPOTEOIVIMKAHOB




A (1) A q

D (] » A

BUJ XPAILIIEBOM JJOKAJIM3ALUSA OCHOBHBIE OCOBEHHOCTH
TKAHU
T'HAJTHHOBA CycTaBsl, nepenuue Dkosnarenossie Bostokua u3 koyutarena 11, VI,
4acTH pedep, KPYIHBIC | 1% X X[ THOR:
XPSITY TOPTAHU, XPSIIN
pAMHTOP > AP o Srme TUAPOPUIBHOTO MEKKIETOYHOTO
Tpaxeu U KPyIHBIX I
OpOHXOB ’
[lmpounocTh K CxKaTHIO
WTACTHYECKASL | Haaroprannuk, menkue [lmpeoOnananre B MEKKIETOUHOM BEIIECTBE
XPSIIY TOPTAHU, XPSAIIU | TACTUYECKUX BOJOKOH (Ha 31acTtud 10 90%);
MEJIKIX OpOHXOB, XS [JKosraren 11 Tina B Buxe GuOpmLI, He
YIIHOHM PAaKOBHHBI 00BbEIMHEHHBIX B BOJIOKHA;
[IMenbIIIMIT OTHOCUTETBHBIN 00bEM
MEXKJIETOUHOTO BEIIECTBA;
[lmpounoCTh K M3TrHOaM
BOJIOKHUCTAS | Cumdussl, hudpo3ubie [lkonmareHoBbIe BOJOKHA U3 KOJIareHa
(PUBPOSHAS) KoJsibHa npenmymectserHo I Tnmna, oxuHaKoBo
MEXIMO3BOHOYHBIX OPHEHTHPOBAHMI;
JICKOB

[

[

ImpeoOnagaHme BOJOKOH;

]OI[I/IHO‘IHOG PacCIIOJIOKCHUC KIICTOK,

ITPOYHOCTH K PACTSIKEHHIO



MeXxkrneToyHoe BelwecTBO

B Me:KXKJIeTOYHOM BelIeCTBE - MHOTO BOJIOKHHUCTBIX CTPYKTYP:
KOJJIAT€HOBBIX (PUOPHUJLIT WM (B BOJIOKHUCTOM XPHIlle) BOJIOKOH, a B
TACTHYECCKOM XPHAIIE - elI¢ M 3JIACTHYCCKUX BOJIOKOH.
e
OcHoBHOe amop(dHoe BemecTBo copepkut: Boay (70-80 %), mune-
pajbHblie BemecTBa (4-7 %), oprannyeckuid komnonent (10-15 %),
MpeaCcTABJIEHHBIN NPOTEOTIMKAHOBBIMHY arperaraMy M riiuKo-

IPOTEUHAMM.

Arperarbl 00,1a1a10T BBICOKOU THAPO(PUIBHOCTHIO; O3 TOMY
CBA3BIBAIOT 00JIbIII0E KOJIUYECTBO BOJABI M 00€CIIeYNBAOT TEM
CaAMBbIM BBICOKYI0 YIIPYIOCTh XPSIIA.

HpI/I ITOM OHH COXPAHAKT INIPOHUITACMOCTD JAJIA
HU3KOMOJICKYJIAPHbIX MeTa00JIMTOB.



ToncTble NYy4YKN KossiareHoBbIX BOJIOKOH

TOHKMe BONOKHA
AccouunpoBaHHble C

KonnareHom
J
npoTeornuKaHbl S
P =

CxeMa OpraHu3aliy rHAJTHHOBOIO XPSILIA. ~ Bonbume ceoGoaubie

NpoTeornuKaHbl
IIy4KM KOJJIAr€HOBbIX BOJIOKOH (2-THII).

ACCOLIMMPOBAHHBIE U CBOOOHBIE
NMPOTEONIMKAHOBbIE KOMILJIEKCHI
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I'najrypoHoBasi KHCJIOTA

0
IHoBTOpsiIrOIIMECS
H 0\ aucaxapujaHblie
NHAc CyObeIUHUIIbI

IIporeoriiukaHoOBbIN arperar coaep:xuT 4 KOMnoHeHTa. B ocHOBe arperara - JJIMHHaA
HUTh 'HAJYPOHOBOM KUCJIOThI. C MOMOUIBIO IVI00YJIAPHBIX CBA3YIOLIUX 0€JIKOB € 3TOU
HUTBIO CBA3aHBbI JIMHEeHbIE (PUOPU/LUISIPHBIC) NeNTUIHBIC e T.H. KOPOBOI0
(cepaueBuHHOIO0) O0ejika. B cBOIO ouepeab, OT MOCJEAHUX OTXOAAT OJIUTOCAXAPUTHBIE
BETBHU.




CTPYKTYPA ATPETATOB ITPOTEOIVIMKAHOB
N CBA3b C KOJJIA'EHOBBIMHX BOJIOKHAMUA
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Electron micrograph of hyalme cartilage matnx The matnx in A shows thick,
. banded collagen fibrils and thinner, unbanded ones. Traces of finely filamentous
proteoglycan complexes can also be seen adhering to and connecting collagen
fibrils. Magnification 30 000. In B the matrix has been fixed in the presence of
- ruthenium red to preserve proteoglycan complexes, which are here visible as
densely staining beaded structures representing collapsed assemblies of protein
~and glycosaminoglycans. Magnification 10 000. (Provided by Moya Meredith
' Smith.)



HeOoabuiye ynjioméHHble KJICTKH,
cnocoOHbIe K nmpojudepanuu (B
OTJIMYHE OT 3pesabiX Pudpod1acTOB) U
CHUHTE3y KOMIIOHEHTOB MEKKJIETOYHOI 0
BellleCTBA XPALIA.

Kiaerkn
XOHApPO0O1aCThI

IIpeamecTBeHHUKAMM XOHAPOOJIACTOB SIBJISIOTCS CTBOJIOBbIE
KJIETKH COCIMHUTEIbHOM TKAHU U MPEXOHAP00JIaCThbI.

B cBoO10 O4epenb, camu XOHAPOOJIACTHI,
BbI/I€JISISI KOMIIOHEHTbI MEKKJIETOYHOT0
BeleCTBA, ''3aMypOBbIBAIOT' celdsi B HEM
U MPEeBPAIIAIOTCH B XOHAPOUMUTHI. OH
peajim3yercsi, [NIAaBHbIM 00pa3oMm, B
IMOpPHUOreHe3e U MPU PereHepanuu.




COL: L AYG tEEN SOXen NGRS RIS EESTEISS

ALTERNATIVE VIEWS OF
COLLAGEN SYNTHETIC PATHWAY

Synthesis of P Direct Final
elabaration

elementary extrusion

c0.lagen ¢n from ground|| in Gelgi
grenular reticulum _ cytoplasm || system
=

\J/

MATRIX

Sulphation Specific interaction

Aminp acid precursors Linkag2 sugars
be“ween collagen

of mucoprotein added anc and
polysaccharide completion filaments and

synthesis at
chains initiated ¢t chains proteoglycans

ribosocmes
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TpancmuccuoHHast 3JIEKTPOHHASA
MHUKpockonusi. beapeHHbI MbINIEJI0K
KpoJinka. YB. X 14.500
MHo:KeCTBEHHbIEe MUKPOBOPCHHKH.
JyXpoOMaTHH

Hucrepusl ['pIIIC

MHuUTOXOHAPHH, JTU30COMBI U TPAHYJIbI
VIMKOT€HA.




Kiaerkn
XOHJIPOUHUTHI

XOHJAPOUHUTHI - INIABHBIN THI KJIETOK XPSIIA.
OHu UMeT 00JIbLIIHUA IO CPABHEHHIO C
XOHApoOJacTaMHU pa3Mep M OBAJBHYIO (hopmy.

XOHAPOUHUTHI JIEKAT B 0COOBIX MOJIOCTAX MEKKIECTOUYHOIO
BellecTBa (JIAKYHAX) M 4acTO 00pa3yroT M30IreHHbIe IPyINbI (13
2-6 KJI€TOK), IPOUCXOASAIINE U3 OJHOM KJIETKH.

B orsimumne or GpuOpOUUTOB,
HEKOTOPbI€ XOHAPOIUTHI
COXPAHAIOT CIOCOOHOCTD K
JA€JICHUI0, & IPyrue aKTUBHO
CUHTE3MPYIOT KOMIIOHEHTbI
MEKKJIETOYHOI0 BelecTna. 3a
CUET AeATEJTbHOCTH XOHAPOLUTOB
NMPOUCXOAUT YBEJIUUYEHHE MACCHI
XPSAIIA UZHYTPH -
HHTEePCTUIMAJBHBIA POCT.




1 Tun

THIIA XOHAPOLMTOB:

2 THII

3 T

Boicokuu sixepHo-
HUTOIJIAZMATHYECKUT
KO3 PUuuneHT

MHOro MUTOXOHAPUI U
CBOOOIHBIX prUOOCOM,
BaKyo/Jedl B KOMILJIEKCe
Toabaxn

CHUKEH siIepHO-
MUTOIIA3MATHYECKN U
KO3 PUIHEHT,
CHHM)KEHHE CHMHTE3a

JJHK u moBbIlieH
cuHTe3 PHK

Paszutsl [ pIIIC n
KoMILIeke I oabaku

Camblil HUBKHM AIePHO-
IUTOILIA3MATHYECKHH
K03 (PUIUEHT, CHUKECHH
cunre3a JIHK v noBbinien
cunte3 PHK

CuibHO pa3BuTa u
ynopsigodeHa ['pIIIC

Hepeaxkun MuTO3bI
MHoOro B M0J1010M

xXpsiue

Cunres TAI' n
MPOTEOIVIMKAHOB

TunudeH cUHTE3 0eJIKAa HO
cHxeH cunrtes AT

DYyHKUHUSA:- HCTOYHUK
MONOJIHCHUS
MONYJASIAU 3PesbIX
XOHPOIMTOB.

DYHKIMUA: CHHTE3
aMop¢HOIo
MEKKJICTOYHOI0
BellecTBa

DYHKIMUA: CUHTE3
BOJIOKHHCTOI'0
KOMIIOHEHTA
MEKKJIETOYHOI'0 BelecTBa




PASBUTHUE XPSAILIEBOHU TKAHU

o €
0 O

O®OPMHNPOBAHUE
XOHAPOI'EHHBIX
OCTPOBKOB 1

INPOJIN®EPALIUA

XOHAPOBJACTOB Q

TN ®PEPEHIITPOBKA
XOHI[POI[I/ITOB

\/

OBPA30OBAHUE
MEXKJETOYHOTO
BEILIECTBA




PEI'YJIALMS POCTA XPAIIEBON TKAHU

Biausiaue Ha nposaudepanuro, 1udp@epeHuNPoOBKY U CHHTETUYECKY IO
AKTUBHOCThH

(I)aKTOpr: BHCIIITHUEC, AYTO0-, I1apa- U SOHAOKPHUHHDbIC

CTUMWIATOPDI: ropmMoHbI — pocTa(uepe3 cOMATOMEIUHbI), THPOKCHUH,
AHJAPOTEHBbI.

dakropsl — JDP, DPD.

CYIIPECCOPBDI: kopTukocTepouabl M 3¢CTPOreHbI

NB! ITosioBori tumMophu3M — pasHoe coaep:kaHue XPAIIeBO TKaAHU,
ee YCTOMYUBOCTD K MOBPEKIACHUI0 — Pa3HAS 4acTOTA 3200/ 1€BAHU M.



CTPOEHUE, PASBUTUE
W PETEHEPALIUA

KOCTHON TKAHW



KNACCUDUKALNUA CTPYKTYP KOCTHU

TPABEKYINAPHAA
(TYBYATAA)
KOCTb (BELWWECTBO)

KOMIMAKTHAA KOCTb

TMCTOJIOTMYECKUE TUINNDbI
OrPYBOBOJNIOKHUCTAA (PETUKYIIOPUBPO3HAA)

OMNACTUHYATAA




HepBHBIN 3MGpPUOHANbHAS Me3oaepMa 3M6puoHanbHasa aHgoaepMma
rpebeHb M npexopaanbHaa nnacTUHKa

— —

3IMGpHnoHanbHas Me3eHXuma

l

CtpomManbHble

CTBONOBbIe KINeTKU
Granulocyte/mond

2-MOTeHTHbIE POAOHOYaNbHUKHN 3-NOTeHTHbIE POAOHOYaNbHUKN

l ' ‘ I ; Granulocyte Monobla

; KneTkn  nepuumuTbl agunouuThl ‘
BblCTUNaloLWmne Monocy,

XoHapob6nacT- OcTteobnacT-
npeawecTBeEHHMK  npealle cTBeHHUK

: KOCTb ‘
l 1 ] Macroph

XxoHapo6bnact =-=?--= ocTeobnact :? ———

e i o

lini
XOHAP OLUT 0CTeoLUT Bone lining cell




OCTEOBIJIACTDI




2 ar .:- 2% F s -"--'5'1.* =91,
Ha NOBEPXHOCTW pacTyLLEen KOCTH.
[paHynspHasa IAl1C. [y4ku KonnareHoBbIX BOJTOKOH.



OCTEOUUTDI

Electron micrographs A shows a young osteocyte within bone matrix (decalcified
during processing for microscopy). Visible are the bases of cell processes

reticulum, the lacuna with less dense matrix surrounding the cell body, and many

collagen fibres in the matrix, mainly sectioned transversely in this picture.
T 3






[TpoucxoxgeHne (MOHOUUTHI), Niokanusaums, PyHKLUS



A. An osteoclast (the largest cell) lies amongst osteoblasts on endocranial
surface of rat calvarium. The osteoblasts form a continuous layer, one cell thick,
over the bone (crevices between cells occurred during drying the specimen).
Filopodia contact adjacent cells; SEM, field width = 68 um. B. Endosteal surface
of rabbit tibia showing an osteocyte within its lacuna exposed by osteoclastic
resorption of surrounding bone; SEM, field width = 34 um.




Buabl KOCTHbIX TKaHen:
MNnacTuH4yaTas v rpy6boBONOKHUCTAS

JIOKann3auus




N'y6uyaToe
KOCTHOE BelecTBO

NMnacTuHYaTas KOCTHasA TKaHb

NB! lNnacTuH4YaTana KOCTHasd TKaHb MOXeT UMeTb ryb4yaTyro u
KOMMaKTHYI OopraHu3auuio.

KomMmnaktTHoe
KOCTHOE BellecTBO

Nokanu-
3auus

OTnunum-
TenbHas

yepTa

M3 rybuyaToro BelwlecTBa COCTOAT:
anndusbl Tpyb4aTbIX KOCTEMN,

BHYTPEHHUM Crion (MPUMbIKaOLWMUNA K
KOCTHOMO3roBomMy KaHany) anacdusoB
Tpyb4aTbIX KOCTEMN,

ryb4yaTrble KOCTU, BHYTPEHHSIA YaCTb
NMNOCKUX KOCTEMN.

KOoMNakTHYI0 CTPYKTYpPY UMEIoT
6onblasn Yactb Anadu3oB TpydbUaTbIX
KOCTen u

NOBEPXHOCTHbLIN CNON MNFIOCKNX
KOCTEMn.




N'ybuaTtoe
KOCTHOE BelecTBO

KomnakTHoe
KOCTHOEe BellecTBO

KoCcTHbLIN
MO3r

B syenkax rybyaTtoro Belecrsa
copepxaTca cocyabl, nuTarLwme
KOCTb, U KPAaCHbIN KOCTHbIN MO3T -
KPOBETBOPHbLIU OpraH

KocTHOMO3roBasi nonoctb anacdmsos
TpyO4aTbIX KOCTEN Y B3POCIbIX
COAEPXKUT XENTbIN KOCTHbLIN MO3T -
XXUPOBYIO TKaHb.

CTpoeHue

7 ry6anoe, N KOMMNAaKTHOE€ KOCTHOEe BelleCTBO COCTOUT U3 KOCTHbIX

NMacTUHOK.

Mpu aTOM NNacTuUHKM ryéyaToro
BewecTBa 0ObIYHO OPUEHTUPOBAHDI
BAOJIb HanpaBreHUs KOCTHbIX Garnok,

d He BOKpPYr coCcyaoB, KaK B OCTeOHax
KOMMNaKTHOro BelijecrtBa.

lNMpaBAaa, B 4OCTAaTOYHO TOMCTbIX
Gankax ocTeoHbl BCE-Taku MOTyT
BCTpeyaTbCA.

B KOMNaKTHOM Xe BellecTBe
UMEKOTCA NSTACTUHKN 3-X TUMOB:

obwume (reHepanbHbIe) - OKpPYXKaloT
BCHO KOCTb, OCTEOHHbIE - fiexaT
KOHLEHTPUYECKUMM CIIOSIMU BOKpPYT
cocyna, oopa3ys T.H. OCTEOHbI;
BCTaBO4YHbIe - HAXOOAATCH MexAay
ocTeoHamu

eAVH1LEeN CTPOeHUA rybyarToro
BellecTBa NPUHATO CYUTATb
KOCTHbI€ NMMAaCTUHKU

eaAnHUUEN CTPOEHUA KOMMAKTHOro
BewlecTBa CHUTAKOTCA OCTEOHbLI.




Volkmann's
canal

circumferential

outer
lamellae

periosteum

CTPYKTYPA OUADPUSA TPYBHATOU KOCTU

“lamellae

interstitial bone

Haversian system
(osteon)

trabecular

\ Haversian

canals



OcTereHes:

PazButue Kkoctu

NMPAMOW

HEMPSAMOMW

UCTOYHUK

ME3EHXUMA

XPALWEBAA MOOEJIb

®OPMUPYEMBIE
KOCTHU

NMNOCKUE, KOCTU YEPENA

TPYBYATbBIE KOCTU

CTAOUUN

OCTEOIEHHOIO XPALWEBAA MOEJb
OCTPOBKA
OBPA30OBAHUE OBPA30OBAHMUE
OCTEOUOA NEPUXOHAOPAIIbHOM
KOCTHOU MAHXETKMU
MUWUHEPAJTIU3ALUA OBPA30OBAHUE
NEPBUYHOI'O
(ANADPU3APHOIO) LEHTPA
OKOCTEHEHUA
MOAEJINPOBAHME, OBPA3OBAHME
PEMOAOENNPOBAHUE BTOPUYHbIX
(SMNPU3APHbBLIX) LEHTPOB
OKOCTEHEHUA
MOAEJINPOBAHME,

PEMOAENNPOBAHUE




== Ha mecTe Oynyuieit KocTH BHA4YaJie MPOUCXOAAT

=] pa3sMHOKEHHE Me3eHXHUMHBIX KJIETOK H

& | BacKysIsipu3anusi (06pa3oBaHue KPOBEHOCHBIX
2273 cocyaoB). Tem cambiM popmupyercs

CKeJICTOT¢HHbIA OCTPOBOK.

TR = T —sdae] B CTPOBKE MOSIBJSIIOTCH KOCTHBIE KJIECTKH: 0CTe00/1aCThI U
e —iT —”:—’—;”@%‘: OCTEOIUTHI - U3 0CTEOTeHHBIX KJIETOK, OCTEOKJACTLI - U3
e e b, S T

== o= MOHOIUTOB KpoBHU. [Ipn 3TOM 0CTE00/1aCTHI AKTHBHO

= = (e — L 0CYIIEeCTBJISIIOTCUHTE3 OPraHuYeCcKOH MATPUIIbI KOCTH, WIH
ORI () b e e

S me el = ] 0CCEOMYKON/IA (KOJIJIAT€HOBBIX BOJIOKOH, ININKOIPOTEH/IOB).
i S & e L - - .

e e === Takasd (ewé He MUHEPAJTU30BAHHASA) 3aKJIAAKA KOCTH

Ha3bIBaA€TCHA OCTCOUIOM.

« MUHEPAJNTU3ALNA, UHKOPTMOPALIUA COCYAOB

1 MOOENMPOBAHUE, PEMOOEJNIMPOBAHUE




Ha Tperbeit cTaanu B MEKKJIECTOYHOM BelleCTBE MOABIATCH (BUAMMO, OTIIOY-
KOBBIBASICh OT 0CTE00/IACTOB) T.H. MATPUKCHBIE MY3bIPbKH, CXOAHbIE C JIU30CO-
MaMi. OHH HAKAIUIMBAIOT KAJbIUH M (32 CYET meaouHou gocdarasbi) Heopra-
Hu4yeckuu pocdar. Ilpu paspbiBe Ny3bIpbKOB IPOUCXOAUT MHUHEPATU3ALUS
MEKKJIETOYHOI'0 BelIeCTBA, T.€. OTJI0KEeHHUEe KPUCTALIOB TMAPOKCHANIATUTA HA
BOJIOKHAX M B amMop¢HOM BemecTBe. B pe3yibrare, 00pa3yroTcsi KOCTHbIE Tpale-
KYJIbI (02JIKH) - MUHEPAJIHU30BAHHBIC YYACTKU TKAHU, COAEPKALIME BCe 3 TUIA
KOCTHBIX KJIETOK - ¢ IOBEPXHOCTH - 0CTE00JIACTHI M OCTEOKJIACTHI, 4 B IIyOMHE -
ocTeouuThl. COCy10B B TPaldeKyJIax ellé HeT; OHU UMEITCH B OKPY:KaKoIIel
Me3eHxuMme. O0pa3oBaBIIAsACHA KOCTHAS TKAHb SABJISAETCHA IPYOOBOJIOKHUCTOMN
(IMIIeHA MIACTHHYATON OpraHu3anuu) ¥ (pOpMHUPYeT T.H. MEPBUUYHYIO I'y0UATYIO

MVIHEPAJINSALUVA, IHRUPIIVOPALVIA COLYLUD

MOAEJIMPOBAHUE, PEMOAEJINPOBAHUE




newly formed matrix vesicles (zone A) . O
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early mineralization of matrix vesicles (zone B) - o e
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increasing mineral deposition by accretion around matrix vesicles (zone C)
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matrix vesicles with confluent mineralization (zone D)

fully mineralized bone (zone E)

(a)

MEXKJIIETO4YHOIO

BELWECTBA




Bo BHyTpeHHel YacTH IJIOCKON KOCTH  NMEPBUYHAA ry04arasi TKaHb
3aMelIAeTCH HA BTOPUYHYI0, KOTOPasi IOCTPOCHA YKe U3 KOCTHBIX IJIACTUHOK,
OPMEHTHUPOBAHHBIX IO X0y 0AaJIOK, 2 B HAPY’KHOM CJI0€ 00pa3yrTcs
reHepajibHbIe IJIACTUHKH (OKPY/KAKI[UE KOCTh) U MEPBUYHbIE OCTCOHDI.

bobIyI0 pOJIb B 3TOM NMEPECTPOMKE UIPAIOT OCTEOKJIACTHI (YACTUYHO
paspyuianiue TpadeKyJibl) U COCYlbl, MOAPACTAIIUE K TPadeKyIaM.

Bokpyr cocynoB KOCTHOEe BeliecTBO (JOPMUPYETCH B BU/I€ KOHIEHTPHYECKUX
KOCTHBIX IJIACTHHOK, COCTABJISIIOIINX MEPBUYHbIE OCTEOHDI.

B pa3HbIX yyacTKax GOpMHUPYIOIIEHCH KOCTH PAa3BUTHE MOKET HAXOAUTHCH HA
pa3HbIX dTanax. [103ToMy MOIyT €OCeICTBOBATH: ME3CHXUMHBIE CKEJIETOTCeHHbIE
OCTPOBKH, OCTCOUIHBbIC YYACTKHN U 00bI3BECTBJIEHHBbIE TPAOEKYJIbI
rpy0oOBOJIOKHHUCTON KOCTHOW TKAHU.
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PE30OPBELMA KOCTHON BAJIKM OCTEOKIIACTAMM




®OPMbI PESOPBLIN KOCTHU

KINETOYHbIE

AYTONMUTUHECKHUE

OCTEOKIIACTUYECKAA

MAOKAA PESOPBLUUA

NMEPUOCTEOLUTAPHAA

NA3YLLHOE PACCACbIBAHUE

HECNEUND®PUNYHECKUMMU
SNIEMEHTAMMU

NEPUKAHATIUKYNAPHAA
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D

Invasion of primary centre
by vascular osteogenic buds

Primary bone laid
down on calcified
cartilage remnants;

secondary centre of

osstfication appears
and becomes
vascularised

o
-y
-

A

OBPA3OBAHUE
NMEPBUYHOI'O
(ANADPU3APHOIO) LLEHTPA
OKOCTEHEHUA

OBPA3OBAHUE
BTOPUYHbIX
(AMNPU3APHBLIX) LEHTPOB
OKOCTEHEHUA
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OCHOBHbIE CTAOUU U USMEHEHUA NMPU CPALLEHUU TNMEPEJIOMOB

muscle periosteurn is stripped
bone medulla Bone Cottex ‘ At
periosteurn
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Midsagittal sections through the repairing fracture site of the lower tibia of a
rabbit, held rigidly in an external fixator. Movat's hexachrome stain:
undifferentiated blastemal tissue = grey; cartilage = turquoise; bone = pale green.
(Sections provided by R. Brueton, Orthopaedic Research Department, Rayne
Institute, St Thomas's Hospital, London; photographed by Kevin Fitzpatrick.) A. 2
weeks after injury. A distinct fracture gap separates adjacent fragments of cortex.
The mainly adipose marrow contains patches of blastemal tissue. External soft
callus contains patches of cartilage; a few bone trabeculae and some
cartilaginous areas are present endosteally. B. 4 weeks after injury. A thin layer
of bone lies in the fracture gap. Endosteal soft callus unites the posterior cortical
fragments. Periosteal soft callus is present posteriorly, but is not yet confluent
across the gap, while anteriorly only fibrous tissue is present.
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CocTosiHMe KOCTHOU MO30SIM B YeTBepTOoU (BBeaeHue nepdpropaHa B
MEXOTJIOMKOBYHO 30HY) rpynne XXMBOTHbIX Ha 30-e CyTKU nocne
MmoaenupoBaHus nepenoma. Okpacka no Mannopu Makpoctemka
npenapara



CocTosiHMe KOCTHOU MO30JS11 B rpynne XXNBOTHbIX C
UHTpamMeAaynnsapHbIM BBeaeHUeM nepdgpropaHa Ha 30-e CyTKM nocne
MogenupoBaHua nepenoma. Okpacka no BaH-'m3oH. YB. X200
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