YHusep3utet y Kparyjesuy
dakynTeT MeaMUUHCKMX HayKa
UHTerpucaHe akagemcke ctyauje meauumHe
Kategpa 3a Xuctonorujy u emépuonorujy

LUPKYJIATOPHU L
UMYHCKU CUCTEM

wecTa HeaeJba HaCcTaBe




LUPKYJIATOPHU CUCTEM




LinpkynatopHu cuctem

UnHe ra cpue, KpBHU N NUMEPHU Cyo0BM.

[ MaBHW TPAHCMOPTHU CUCTEM Y OpraHn3My (NpeHoCcKu racose,
XOpPMOHe, dbakTope pacTa, aHTuTena, henuje nta.).

LinpkynaTopHu cuctem yyecTByje y perynauuju tenecHe
Temnepartype 1y Koarynauuju Kpsu.

[enn ce Ha KapAWoBacKynapHu 1 NMMQHU BacKynapHu
CUCTEeM.



LlnpkynatopHu cuctem

Ca pyHkumoHanHor acnekta, KBC ce yobnyajeHo aenv Ha nyriMOHanHy
LMpKyrnaumjy (Manu KpBOTOK) U CUCTEMCKY LiMpKynauujy (Benmku
KPBOTOK).

MynmoHanHa uupkynauuja nogpasymesa TOK KPBM U3 cpua ka nnyhuma u
noBpaTaKk OKCcuUreHncaHe KpBu of nnyha ka cpuy.

Cu1CTEMCKOM LIMPKYNaLMjoM ce OKCUreHucaHa KpB oaBoau U3 cpla y cea
TKMBa W opraHe Tena, oflakne ce Kao Ae30KCuUreHncaHa noHoBo Bpaha y

cpue.



LlupkynatopHu
cuctem

KapauosacKynapHu
cucrtem

NnmopHu
BACKY/IapPHU CUCTEM

\Right atrium

%

Manun KpBOTOK
Mitral valve

Benunku KPBOTOK Left ventricle




KapanoBackynapHu cuctem (KBC)

LHeo KBC-a koju ce Hanasu nameny apTepujckor 1 BEHCKOr cuctema
CacCTaBIbEH j€ U3 MpexXe HajCUTUHUJUX KPBHUX CyoBa —
MUKpOLMpPKynauumja nim MUKpOBaCKYJlapHO KOPUTO.

MuKpoBacKynapHoO KOpUTO YNHE apTepuorne, Kanurnapu 1 BeHyne.

Y Kanunapvma v HajcUTHMjUM BeHynaMma obasrba ce pasmeHa
KNCEOHMKa U XpatnBUX MaTepuja nameny Kpem 1 TKMBa.

Te4yHOCT oanasu us KpBM1 Y TKMBa Ha HUBOY Kanunapa.

‘henuje KpBK HanyLTajy KpBHY CTPYjy Kp0O3 3MgoBe NocTKanunapHux
BeHyna.

OcTanu KpBHM CyOBK Cy HENPOMYCHU 3a KPBHY nnasmy u henuje Kpsw,
na nmajy yrnory cnpoBogHuX KaHana.



LinpkynatopHu cucrtem

Int-UHTEepHa ' 2 ,

Med-Meauja :f =S cpue § )
Ext-EkcTepHa S 50pm /

Art-ApTepunona . e i BeHe apTepuje

N

Met-MeTapTepurona Y ‘ ‘m
& X 22
PS-Mpekanun. cd)MHM@\b @ N
Cap-Kanunapu Ny ;
PCV-locTkannnapHa Q ey S0 ) NOCTKanunapHe BeHyne apTepunone
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Ven-BeHa
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KapanoBackynapHu cuctem (KBC)

Y HeKkuMm opraHmmMa KanunapHa Mpexa He nosesyje apTepujCcku n
BEHCKM CMCTEM, Beh cy kanunapu yMeTHyTH n3mely nse BeHe unu ase
aptepvone, popmunpajyhm T38. NOPTHU CUCTEM.

Kako nsmeny ase kanunapHe Mpexe Moxe aa Oyae ymeTHyTa
apTepuona unun BeHa (noptasiHu cygoBu), n3gBajajy ce BEHCKU NMOPTHMU
CUCTEM 1N apTepPUjCKMN NOPTasIHU CUCTEM.

MopTanHu cucTemu cy cneuujanmaoBaHn 3a ancopnuujy, TPacHNopT 1
ckepeuujy matepuja.

Hajsehu nopTHM cUCTeEM Yy OpraHn3mMy je BEHCKU NOPTHU CUCTEM
jeTpe.

MaHs1 BEHCKM NopTanHu CUCTEM Hamnasu ce y Xurnogusm (xunoranamo-
XUNocu3HM NOpPTariHM CUCTEM), JOK Ce apTEePUjCKN NopTariHM CUCTEM
Hanasu y oyopery.



[MopTHU cucTem

Hypothalamus

’

Superior hypophyseal artery Infundibulum

Primary plexus of the
hypothalamo-hypophyseal

Hypophyseal portal veins portal system

Venski
portni sistem

—— Hypophyseal veins

Secondary plexus of the
hypothalamo-hypophyseal
portal system Posterior pituitary
Anterior hypophyseal vein
Inferior hypophyseal
artery

(a) Hypothalamo-hypophyseal portal system



IlumdHM BackynapHu cuctem

CacToju ce o ancopnTUBHON 1 cNPOBOAHOr Aena.

AncopnTnBHM Oe0 YnHe NUM(pHM Kanunapu 4uja je pyHkumja
arncopruuja n yknawame TKUBHE TEYHOCTU — nuMdpe 1 MakpoMosiekyna
N3 MHTEPCTULM]YMCKNX NPOCTOopa 1 Bpahawe HaTpar y KpBOTOK.

3a pas3nuky of KpBU, Koja Kpyxu rno Teny, nmMmda tede y jeaHOM cmepy
— 0, TKMBa Ka BernunKMM BEHama Bpata u cpLy.

CnpoBogHu geo NMM@HOr BacKkynapHor cuctema 4YmHe cabupHu
numdHN cyaoBu (NpeHoganHun u NnocTtHoganHu), nuMmdHa crabna u
NUM@HUN KaHanu.



OlNuwTU NNAH N'PABE
KPBHUX CYOIOBA




[lnaH rpahje KpBHMX cyaoBa

-  Tunicainterna (intima)

— eHpoTen
— 6asanHa membpaHa
— CcybeHO0TesHO BE3NBO

membrana elastica interna

* Tunica media

rmatke muwnhHe hennje

eJ1laCTn4Ha BJ1akHa un
namMerne

KOJlareHa BJ1iakHa

« Tunica externa (adventitia)

membrana elastica externa

€/1aCTn4Ha BJ1lakKHa U
Jlamerie

vasa vasorum



EHOoTen

OGnae yHyTpaLlHOCT cpLia 1 CBUX KPBHUX M NUMMHNX cyaoBa.

CacTtoju ce of nrbocHaTux, nonuroHanHux henuja, Ynju cy basanHu
[enoBu TeCHO NoBesaHn ca baszanHoMm memMbpaHoM.

[pencraBrba CENeKTUBHY U AMHaMU4Hy Gapujepy namenjy Kpeu u
TKMBa.

Nma ynory cemmnepmeabunHe memopaHe, HeTpoMmboreHe npupoae.



EHooTenHe 4

henunje '

CnojHu

KOMMNeK ‘

e A e R
= m;ﬁ:“oﬁ?f &Lﬁ:ﬁ:ﬁ‘;&t’;\;ﬁ.y,-.&uz At s e B e

Lutonnasma Jegpo
eHpoTenHe henvje enporenHe henuje

« [lpocT rpycnact enuTten.



EHpoTenHe henuje —
EM

OCKy,EI,He opraHere, 4yecte NMMHOLUNUTO3HE
Be3uKyJie, UspaxeH UMTOCKESET.

Bajoen-ManagoBa Tenawua (cagpxe
¢doH BunebpaHpoB dakTop, CUHTa3y
a30T-MOHOKCHAa, XMCTaMUH, eHOOTENWH

nTa.).

Tenawua vmajy ynory y xemocrasu,
Koarynaumju KpBu, perynaumju npotoka
KpBWU UTA.

MunoeHaoTenHM cnojeBU — KOHTaKTU
ns3mehy eHOoTeNHNX 1 rnaTkux
MUWKhHUX henwja.




*  @yHKUMje:

EHOooTenHe henuje
bapujepHa

microvilli junctional ‘ EHAOKpMHa
complex ILming; Suriace - cekpeumja NO, npocTaumknmHa,

, xenapaH cyndarta, VWF-a, EDHF-
z n a, EDRF-a, untokuHa, dpaktopa
() pacTta, eHooTenuHa.

bel-Palade

@
.@/ TpaHcnopT cyncTaHum

| KoHTpona koarynauuje

: _ - NpoAayKunja aHTUKoarynaHaca

& ;. - NpoayKuuja aHTUTPOMOOreHnx
cyrncTaHum (NpocTaumKinHn)

- npoaykunja VWF-a Koju ctumynuiue
agxes3njy TpomboumnTa 3a 3mg
owTeNeHnX KPBHUX Cyd0Ba.

—— Moaynauuja npoTokKa KpBu
pinocytotic '

: connective  basal - ocrnobahare Ba3oKOHCTPUKTOpPa
vesicles b lamina (eH )
' OOTeNnH-1)

- ocno6af]a|-be Ba3ogunarartopa
(NO 1 EDRF).

hemidesmosomes



EHOooTenHe henuje

 [llonapun3oBaHOCT eHAOTEsIHE
henuje:

microvilli junctional
complex

luminal surface
/ of endothelium

AnuvkanHun ogerbak Koju je y
HenocpeaHOM KOHTaKTY ca KpBIbyY.
Sl Gt [Tocenyje: rmmkokanukce,

A A S peLenTope, KaBeone, KnaTpuHCKe
Tk 145 jamuue, Be3ukyne, heHecTpe.

-

bel-Palade
body

INNaTtepanHu ogerbak nNpeko Kora cy
eHpoTenHe hennje mehycobHo
noBesaHe.

Bba3anHu ogerbak Kojum cy

hemidesmosomes pf,';‘;?g',‘:;ic connective :C;Zir:aa rnoBe3aHe Ca eKCTan-enynapH M
tissue

MaTpPUKCOM.



EHOoTenHe henuje

Adhesion Diapedesis

N Sialyl-LewisX =
¥ L .

H *
L . \ ' “ r'); »

Actwatmg substanoes

released by bacteria and

uéopoly ‘charides,

damagad issues o nqteﬂap n-1 and a 2 ',1
—— g ) *w mg"" -
) : !ustamine,
3 ﬁtaglandms.

‘ leukotrienes
e ofc3b-coatad"ﬁacten i —y

--,‘.- e gl : \ .

 EHpoTenHe henuje perynuily MMyHU oaroBop ekcrnpecujom
agxe3nBHUX Monekyna (CenekTUHN, NHTETPUHMN).



ATepockKknepo3a

[ToBehaHa ekcnpecuja agxe3vBHUX MONeKysia nocnellyje agxesujy u
avjanenesy neykoumta. HakoH nponacka Kpo3 6asanHy memopaHy;,
MOHOLNTK Cce Yy cybeHa0TEeNHOM Be3MBY TpaHCHOpPMULLY Y NeHacTe

henuje.



Ba3zanHa membOpaHa

 basanHa namuHa
— namMuHa nyumpaa
(EHTAKTWH, NAMWUHWH, UHTETPUHN)
— NnamMuHa geHca

(konareH IV, nOpPOHEKTUH, NepneKkaH)

 PeTukynapHa namuvHa

(MpexacTu Cnoj peTuKynapHuUx BnakaHa).



CybeHpoTen

Be3uBHO TKMBO Cce Hanasu Yy CBUM cnojernvla BaAaCKyJ1iapHor 3nga.

Hajsehe konununHe Be3nBa ce Hanase Yy cactaBy BaHhenwujckor
MaTpuKkca cybeHaoTena.

OBaj cnoj je cMmewTeH HenocpeaHo mncnog 6asanHe membpaHe, a y
HeroB cacrtaB Yyrnase Be3uBHe henuvje ©n Benuke KoMUYnHe
BaHNennjCkor mMaTtpukca Koju je npousBOoL HUXOBE CUHTETCKe
aKTUBHOCTMN.

Ocum y cybeHpgoTteny Behe KomuumHe Be3vMBa Cy CMELUTEHE WU Y
agBeHTULM|W.



Tunica media

 [paha:
— rnatke muwmnhHe henuje

* KOHTPaKTUINHU cheHOTUN (Caapke munocgmnbpune, Besyjy ce
HeKCycuma, eKCripumyjy agxesnBHe MOJIeKyne)

* CeKpeTHU peHOTUN (CaZpKe CeKpeTHe opraHersie n pelenTtope 3a
PDGF koju nsasmsa HuxoBy murpaumjy)

— KomnareHa u enacTu4Ha BriakHa
— MPOTEOornuKaHu




Tunica media

« ApTepuje enacTUYHOr TMNa nocenyjy BaHhenmjcku maTpukc cactaBibeH
o[ NpoTeornukaHa, enactuHa 1 KonareHa.

 EnactunyHa BnakHa ynase y cactas )eHecTpupaHnx KOHLEHTPUYHUX
namena (namuHa) enacTu4YHUX apTepuja u MHTepPNaMmmMHapHUX
enacTUYHUX BriakaHa.
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Tunica media

ApTepuje MUWIMAHOr TMNa noceayjy 3HaTHO Make enacTUYHMX BriakaHa,
MaTPUKC je NPEeTEXHO LernynapaH 1 cactaBibeH je npedoMUHaHTHO O
KonareHa.

EnacTnyHo TKMBO Meauje je opraHM3oBaHo y (oOpMM YHYTpaLlhe U
cnosbalkbe eflacTUYHe slaMUuHe 1 PETKNX, NojegnHavyHnX enacTudHmX
BNakaHa.

BeHe y cBOM 3nay noceayjy Make enacTu4HMX 1 rmaTkoMUWNNHNX
KOMMOHEHTW, a BULLIE KoMnareHa, y 0QHOCY Ha apTepujcke KpBHE CyaoBe
CITMYHOr aAnjameTpa.




Tunica adventitia

Cappxu:
— pacTpecuTo BE3MBO
— HepBHa BnakHa

— vasa vasorum — yewhe y BeHama

— numdartumke (ko4 BeHa npoaupy y
mMeaujy).
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APTEPWUJE




ApTepuje

Ha ocHoBYy xucTonoLuke rpafhe, apTepujckn KpBHU CydoBU ce yobun4dajeHo
aerne Ha gea tvna:

— apTepwuje enacTtu4Hor Tuna (Benuke aprtepuije)
— apTepuje MuwnhHoOr TMna
(Marer anjameTpa, HacTajy rpaHakeM enacTU4HUX apTepuja)

Manu 6poj apTtepuja nonyT a. thoracica (s. mammaria) UHMepHa CBOjUM
TOKOM MnoKa3syjy KOMOMHOBaHe KapakTepucTtuke oba tmna (,MeLoBnTU TUM
aptepuje”).



APTEPWUIE

MuwuhHor Tuna

EnacTUyHOr Tmna

BEMKe
cpeame

mane (aptepuone)
Hajmarbe (MeTaapTepuone)

aorta

truncus brachiocephalicus
a. carotis communis

a. subclavia

a. iliaca communis




WwMhHOr U enNacTUYHOr TUNa

I'd

ApTepuja mu

Subendotel

Unutradnja
elasticna

lamina

vasoru

Vasa
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KoHaoykTopHe apTepuie.

MHTMMa wupoka 10-100 pum.

Meauja wunpoka go 2 mm.

40-70 cdbeHeCcTpOOBaHUX
enacTuyHuX namena
aedronHe 2-5 um.

Zar e

e

Y mMeauju Hema
®  dombpobnacTa.
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ApTepmja enacTUYHOr TMNa
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ApTepuje
MULLMAHOI TUNAa

AuctpnbyTtrBHE apTepuije.

MHTuMma je Tamba y nopehetby ca
eflacTuyHnM apTepujama.

YdyecTtanu cy MMOEHLOTENTHU
KOHTaKTMW.

CybeHOoTenHoO Be3MBO OCKYAOHO.
Y megujmn npucytHo 5-50 crojeBa
MUUMTa NOBE3aHMX HEKCycuMa.

Membrana elastica externa npucyTHa
camo Kof Behux aptepuja.



ApTtepuje muwmhHor tuna — XE 6ojerwse




ApTepI/IOHa « [Oujamertap 10-100 pm, 1-5 crnojesa

MuoumTa y 3uay.
« [ybu ce yHyTpaluHa enacTuyHa namuHa.
*  WU3paxeHn MmoeHOoOTENHN CMNojesu.



http://www.olympusmicro.com/galleries/abramowitz/pages/arteriolesmall.html

MeTapTepMOHa « [Ownjametap 10-15 pum, rnatke MuliMhHe

henuvje obpasyjy AMCKOHTUHYNpPaHU
oMoTau.

« 3aBpLluaBajy ce npekanurapHmm
CPUHKTEPOM.

Pe-nepuuynt

PS-npekanunapHu
cOUHKTEpP |
CF-konadeHn prbpul
EF 7k

SM rnaTka

£



MeTapTepuone n npekanunapHu cpuHKTepu

Metarteriole

Arteriole

Thoroughfare
) channel

Arterial __ N o= I A\ Precapillary
capillaries ‘

Venous
capillaries

~\
~

Venule



KANMUANAPU




Kanunapwu

HajcnTHnjn KpBHU cynoBu, npevHuka 5-10 um, npoceyHe ayxuHe 0,2-1 mm.

Cnajajy 3aBpLUHE apTEPUjCKE rpaHYnLEe — MeTapTepuore ca NoYeTHUM
OernoBMMa BEHCKOr cMcteMa — NOCTKanurapHUM BeHyrnama.

OcHoBHa ynora: pasaMeHa Mmatepuja nameny KpBu 1 OKONHOr TKMBA.



http://www.onfocus.com/shoot/2004/250_door

Kanunapwu

« KanunapHa mpexa je borata y nnyhuma, 6ybpesnma, jetpu, cpdaHom muiumhy,
LIHC-y, macHOM TKMBY, a OCKygHa y KOCTUMa, rnaTkoj MycKyrnaTypu U ryctom
BE3UBY.

« EnuTtenu, xpckaBuua, poxH,ava, O4HO COYMBO, rMnef), AeHTUH U LEMEHT HeMajy
Kanunape.



http://www.onfocus.com/shoot/2004/250_door

rpaha * WHTUMa
Kan Mnapa — eHporTernHe henunje

ba3zanHa membpaHa
* [lepuuuntn

— pasrpaHate henuje ca gocta akTUHCKNX
N MUO3UHCKUX onnameHarta y
uMTonnasmm

— nopep Kanunapa, Hanase ce uy
nocTKanunapHUM BeHyna

— Mory ce gndpepeHToBaTu y eHgoTesHe
n rnatke muwnhHe henunje

« AaBeHTUMUMja
— Mpexa peTuKyrnapHux BnakaHa.

i Pe- nepuuut
NE- HepBHO BN1aKHO
‘ BL-6a3anHa naMunHa




Kannnap - TEM




CuHycouaHu Kanunap

Tnnoswm
Kanunapa

KoHTUHYMpaHun (comaTckm)
Kanunapm

PeHecTpoOBaHU Kanunapu 6e3
Anjadparme

PeHecTpoOBaHU Kanumnapu ca
Anjadpparmom

CuHycouaHu (QUCKOHTUHYUPaHW)
Kanunapm



KOHTUMHYnpaHu
Kanunapu

EHgoTenHe henuvje Hemajy
doeHecTpe 1 rnope, a
noBe3aHe Cy OKNYOAEHTHUM,
agXepeHTHUM
KOMYHWUKaQHTHUM Be3ama.

Hanase ce y Tectucy,
oBapwujymy, TUMYCY, KOCTMMA,
LUHC-y, Mmuwmnhuma,

er30|<p|/|H|/|M >|<ne3na|v|a




PeHecTpOBaHU Kanunapwu

e e i S LggmomeeEye  Ca anjadparmom
% | - — cagpxe deHecTpe npeyvHuka 60-80 nm

— deHecTpe rpynucaHe Tako ga rpage
cuTacTe nrnouye

— doeHecTpe NpekpmBeHE TaHKOM
mMembpaHoMm (anjadparmom)

— Hanase ce y eHOOKPUHUM XXre3gama,
Xenyuy, upeesnuma, unnnjapHom Teny,
Behem geny 6ybpera.

»  be3 aunjadparme

— TPUCYTHWU jeanHOo y By6pexxHUM
rmomepynmma.

Iy i
‘b:‘ AAK AL RS
L |

SP-cuTacTa naova
BL £ deHecTpa
End-enpoTenHa hen.




CuHyconaHu
Kanunapw

majy Bujyrae Tok, Behn npevyHmnk
1N OpojHE LWNMPOKe nope
rpynucaHe y Buay cutactmx
nrova.

ba3anHa namuHa je
dbparmeHTUCaHa unmn NOTNyHO
HedocTtaje, a 6poj nepuumnTa je
MarW1 HEro Kog Apyrnx Tunosa
Kanunapa.



CuHyconaHu
Kanunapw

Hanase ce y jeTpu, crnesunHu,
KOLUTaHO] CPXMK,
ageHoxunodumsm n Kopm
HagbybpexHe xnesge.




BEHE




T e
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* Y ogHOCy Ha apTepuje, BEHe nmMmajy:
— LUMPU NTYMEH U Takbu 314
— Mare muwmnhHnx henunja n enacTMYHUX BrakaHa
— TaHKy Meaujy n nebroy agBeHTuUujy.

» Kopn BeHe rpaHuue Meny criojeBmMma cy HejacHe.

Untrasnja elasti¢na lamina
Endotel

Intima
Media
| Adventitia

ApTepumja BeHa
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.

) /

I.'. A y ;
’ ‘- b

% . el S 2\ £a
, W x yi fed IV



BeHa n apTepMja




BeHe

* 3ung um ce cacToju n3
NHTUME, Meanje n
agBeHTuuMje.

* Knacudukaumja seHa:
— BeruKe BeHe
— cpeawe BeHe
— Mare BeHe (BeHyrne)
* MULKhHe
* nockanusapHe.




BeHyne

«  CWUTHM KPBHU CYOOBU KOjM NpeacTaBibajy BEHCKM 4e0
MUKpoLUMpKynauumje.

* [lo cBOjOj CTPYKTYPU N OYHKLNjU Pa3NUKYyjy ce:
— nocCTKanunapHe
— cabupHe

— MuwuhHe BeHyne.



[locTKannnapHe BeHyne

Manu KpBHU CygOBM BPRo ClnYHM Kanunapuma, anv cy seher
AunjameTtpa o Hux (10-30 um) n nocenyjy sehmn 6poj nepuunTa.

HacTaBrbajy ce HenocpeaHO Ha Kanunape.

3ua oBMX BEHYNA cacToju ce og eHaoTena, 6asanHe membpaHe u
HenoTnyHor cnoja nepuunTta, 360r Yera ce jow Has3uBajy 1 NnepuunuTHe
BeHyrne.

EHgoTenHe henunje popmunpajy KOHTUHYMpaH CIroj, anu cy nosesaHe
NponycTIbLUBUM OKNYAEHTHUM CriojeBnuMa un noceayjy opojHe
TpaHCceHOOoTeNnHe KaHarne v Be3ukyse, WTo OBMM BeHynama omoryhasa
BUCOKY nepmMeabunHoCT.



[locTKannnapHe BeHyne

P-selectin

EHOooTen
NOCTKanNuAapHe BeHyne




CabupHe BeHyne

CabupHe BeHyne cy KpBHU cygosu wmper amjametpa (30-50 um) og
nocTKkanunapHnx BeHyna.

He nocepnyjy rmatke muwunhHe henuje y csom 3uay.

Ob6aBujajy nx 6pojHn 1 pasrpaHaT NepuumTn.



CabupHa BeHyna




MuwnhHe BeHyne

MuwmnhHe BeHyne OOCTUXY AMjameTap 40 1 MM U UMajy TPOCSIOjHY
opraHmsaumjy amga.

TYHUKY NHTUMY MULLNNHUX BEHYyNa rpagn eHaoTernHn Croj U TaHka
6asanHa membpaHa.

Y Meauju oBmx BeHyna Hanase ce 1-2 crnoja umpKkynapHo
pacnopeheHunx rnatkux muwmnhHmnx hennja 300r Kojux n Hoce Ha3nB
MuUinhHe BeHyne.

Vimajy cneundunyHy rpany agBeHTULMjanHOr BE3VBHOTN TKMBA y KOME Ce
Hanase pudpounTn cTaweHe umTonnasme, Koju obmMmoTaBajy KpBHU

cya.

3axBarbyjyhn TpOCNojHOj opraHnsaumjn auaa v rmaTkumM MUWMNHUM
henuvjama y meamju He npunaaajy MUKpoumpkynauuju, seh
NpeacTaBrbajy NnoYeTak CabMpHOr BEHCKOr cuctema.



Mane BeHe

 Mane BeHe Cy KpBHU Cy0OBM
AvjameTpa Ao 1 mm, ca
n3gudepeHunpaHnm
TPOCII0jHOM OpraHmM3auujom
3naa.

« CTpyKTypa 3Mga Mmanumx BeHa
pasnukyje ce of rpahe 3naa
MULWKHhHKUX BeHyna, no Behem
Opojy rmnaTtkux MuwmnhHnx
henwnja y meaunju n no wmpem
JNyMEHY.




BeHe cpeamwer kanmopa

Beher cy anjametpa og manmx BeHa (1-10 mm) 1 noceayjy jacHo
ondoepeHumpaHa cea Tpu croja 3maa.

TYHUKY MHTUMY rpagie eHaoTen u TaHak cybeHaoTenHn cno;j.

Meauja cpeahsyx BeHa je TaHka U penatueBHoO cnabo passujeHa,
cacTaB/beHa 13 cBera HeKOnuKo pefoBsa rnaTtkux MyuwmnhHux henunja v
Mare KONMnYnHe KonareHux v enactuuyHux BnakaHa.

[ebromHa meavje cpearnx BeHa ofpef)eHa je hUXOBUM AnjamMeTpoMm u
nokanusaumjom, Tako Aa pebrby meaujy nocenyjy BeHe [OHUX
eKcTpemMuTeTa y O4HOCY Ha Meaujy BeHa y ocTanvMm genosuma Tena.

TyHvka agBeHTMUMja 3ay3Mma HajBehn Aeo BEHCKOr 3uaa. Y cactaBy
agBeHTMUMje Hanase ce Oy>XHO OpujeHTUCaHa KonareHa BnakHa, peTka
ernlacTu4yHa BnakHa, rnatke muwmnhHe henunje u vasa vasorum.

Megawja ce nocTteneHo HacTaBrba Ha aABEHTMLM]Y, Tako Aa usmMehy oea
[Ba cnoja Hema oLITpe rpaHuLe.



Bernuke BeHe

loptsa 1 Aok-a Wynrba BeHa, NynmoHarnHe BeHe, nopranHa, peHanHa seHa
N OPYrv BEHCKU CyOO0BW KOjuU MMajy NpedHunK nsHag 10 mm.

[ob6po pasBujeHa cBa Tpu crioja y BackyrnapHoMm 3uay.

TyHUKa MHTUMa BENUKUX BEHA CacToju ce o eHaoTenHux henuja n 0obpo
pasBujeHor cybeHaoTenHor Be3nea.

Ha nHtumy ce 6e3 jacHe rpaHule HacTaBrba penaTtmBHO TaHKa TYHUKa
MeAwmja, cacTaBrbeHa o[ camo HEKONWKO crnojesa LMpKynapHo
pacnopeheHnx rnatkux MmwmnhHux henuja, KonareHUx n enacTuyHux
BriakaHa.

TyHUKa a,deH'mu,uja npeactaBiba HajaebsrbLU Aeo 3naa cactaBibeH 0
NTOHIUTYONHANHO OpUjeHTMCaHNX KonareHWxX 1 enacTUYyHUX BriakaHa, vasa
vasorum Koju cy bpojHuju Hero y 3uay aptepuja, MMMJHUX cynosa 1 AocTa
aMUnjeNIMHCKNX HepPBHUX BiakaHa. Kog HeKnx BeNUKUX BeHa y aaBeHTUUmjm
MOry [ia ce Hanase v rmaTtke muwimnhHe henuje.



Benvke BeHe
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BeHCKU 3anucuu

BeHckn KpBHM cyooBM nocenyjy 3anucke Koju ce rnpBo MnojaBsbyjy Yy
nocTKanurapHUM BeHymnama.

Haj3acTynrbeHnju cy Kog Manux n cpealunx BeHa, NocebHo y AOHUM
eKkcTpemmTeTMma.

3anucum cy HeenacTUYHM, rnonymecevacTn, napHU Habopu MHTUME Y
o0nuKy Liena Koju NpoMuUHNpajy y nymMeH BeHe, cacTaBibeHU O, TaHKoOr
Cnoja ryctor Be3aMBHOI TKMBa y cpeauHu, 0b6noXeHor eHAoTeTHUM

henunjama ca cBux cTpaHa.



3a2NCTAK BeHe




— XE 60jemse

BeHe




Precapillary sphincters il larins
M%tarten’o|e

ApTepuoBeHCKe
o S 0L oo aHacTomo3e (ABA)

Pressure forces blood out into thj

Yim pai

« [unpekTHO NoBes3yjy apTepuje ca

BeHama.

£ —== capillaries . . .
aiinal N Posteapiiary « HajbpojHunje cy y Koxun, epekTUiHnm
arteriole venule Tennma rneHuca n Knutopuca.

(a) Sphincters open

* ABA cagpxe rnatke muimnhHe
henwuje koje mory ga Habybpe.

« Wmajy ynory y Tepmoperynaumjy u

epeKkumjn.
54
lerminal W Fosteapillary
arterioie venuie

(b) Sphincters closed



CPLE




Cpue (Cor)

Cpue (nart. cor ; rpy. cardia) npegcrasriba LEHTpanHM opraH
KapanoBacKynapHor cuctema.

[TpuxBaTta KpB gocneny U3 BeHa n pUTMUYKMM KOHTpakKunjama je
nymna y aptepuje.

3ug cpua hopmupajy Tpu OCHOBHa crioja:
— eHpaokKapa
— MMOKapA

— enukapa.



[MnaH rpahe cpua‘

 EHOOKapAa
— eHaoTen
— basanHa membpaHa
— cybeHO0TeNHO BE3NBO
— cybeHOoKapaHO BE3NBO

[lnaH rpale KpBHUX cyaoBa

e Tunica interna (intima)

— eHaoTen
— 6basanHa membpaHa

— cybeHO0TEeNHO BE3NBO

— membrana elastica interna

* Mnokapg
— CcpyaHe muwunhHe henuvje
— eflacTU4Ha 1 KonareHa BnakHa

* Tunica media

— rnatke muwmnhHe henwuje
— enacTuyHa 1 KonareHa BnakHa

* Enunkappg
— Me3oTen
— pacTpecuTo BE3UBO
— MAaCHO TKMBO

* Tunica externa (adventitia)
—membrana elastica externa
— eflacTu4yHa BnakHa n namene
—vasa vasorum



3ug cpua

 EHOOKapAa
— eHpgoTen
— basanHa membpaHa
— cybeHOo0TEeNHO BE3NBO
— cybeHaoKapaHoO BE3NBO
i » Mnokapn
— cpYaHe muwnhHe henwuje
—KOHTPaKTUIHe
—eHAOoKpuHe (cuHTeTuwy AHIT
n bHIT)
—CMpoBOAHE
— eflacTUYHa 1 KonareHa BnakHa
* Enukappg
— me3oTern
— pacTpecuTo BE3NBO
— MacHO TKUBO
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3ug cpua

 EHOOKapAa

— eHpoTen

— basanHa membpaHa

— cybeHOoTEeNHO BE3NBO

— cybeHOoKkapaHO BE3UBO
* Mnokapn

— cpyaHe muwuhHe henuvje

— enacTu4yHa u KonareHa BnakHa
- Enukapa

— Me3oTen

— pacTpecuTo BE3NBO

— MacHO TKMBO



EHookapa (endocardium)

« [nartka membpaHa Koja NoKpMBa YHyTpallky NOBPLUMHY cpua.

« EHpoOKapa ce cactoju oA
- eHaoTena Koju nexu Ha KoMnneTHoj basasnHoj namuHu
- cyObeHAOoTeNnHOr croja

- nobpo pasBujeHor cybeHaoKapaHor cnoja .



EHpgoTten n cybeHaoTenHu cnoj

« EHpoTen eHOookapaa je KOHTUHyMpaHor Tvna, a eHgoTtenHe henuvje
nocenyjy CBe KapakTepucTuke eHooTenHux henmja KpBHUX cygosa.

* henuje cy mehycobHO noBe3aHe OKMYyAEHTHUM U KOMYHUKAHTHUM
crnojesmma.

* Wcnopg 6asanHe namuHe Hanasu ce cyoeHAOTerIHN CIoj Koju ce
CacTOoju O ryctor BE3MBHOI TKMBA, KOSTareHnX n enacTuyYHUX BriakHa U
PEeTKUX MMaTkux MunhHux henuja.



CybeHpoKapaHu cnoj

« [lobpo pa3BujeHn omoTay cMeLlTeH namehy cybengorena u
MuoKapaa.

« (CacrtaBrbeH je U3 pacTpecuTor Be3aMBHOI TKMBa Koje cagpXXu
nebena konareHa n eniacTu4Ha BriakHa, KpBHe CydoBe, HepBHA
BnakHa 1 BapujabunHe KonminHe MacHor TKuBa.

* Y nojegmHum genosuma komopa cagpxu n NypknweoBe henuje
CnpoBOOHOI cuctema cpua.



Muokapa (miocardium)

3ay3nma cpeamwu, Hajoebrbn 4eo 3maa cpua.

Cagp>ku HEKONKMKO BPCTa cpyaHux muwmnhHmnx henwuja:
— KOHTPAKTUNHU MUOLUTU

— CMpPOBOOAHU MUOLUMUTU

— @HOOKPUHU MUOLUNTMU.

Kao nocebaH henujckn eHTUTET U3aBajajy ce:
— aapeHeprunyHe henmje.

Hajsehu neo mnokapaa rpage KOHTPaKTUITHU MUOLIUTM.



CnpoBOAHN MUOLNTMU

CnpoBoaHu MuouuTn cy MuwinhHe henuvje cneunjanmsoBaHe 3a
cTBapare 1 Op30 cripoBohewe enekTpoXeMujCKUX uMmnyrnca oo
KOHTPaKTUIHUX MuoumTa.

Yna3se y cactaB CMpOBOAHOr cMcTemMa cpua.



MunoeHOOKPUHN MUOLUTH

OcCKM KOHTPaKTUITHUX CBOjCTaBa UMajy u cnocobHOCT GMocuHTe3e U
ceKkpeuumje BMLLIE XOPMOHCKN aKTUBHUX CYNCTaHUM — Kapguonentuau
nnn Hatpuypetcku nentngm (AHI, BHI — HaTpuypesa,
Basogunarauumja).

CuHTEeTMCaHN KapamuonenTnaun OenoHyjy ce y cneundpuyHum rpaHynama
KOje cy Nnokann3oBaHe nepuHYKNeapHo.

[Tocenyjy oBaniHO eyxXxpomMaTU4HO jepo, OOK je LeHTpanHu geo henwuje
nuweH mnopundpuna, a ucnyweH 4odpo passBujeHNUM opraHenama
3agy>XEHUM 3a ODUOCUMHTETCKY N CEKPETOPHY aKTUBHOCT henwje.

Hajsehn 6poj MMOEHOOKPUHNX MUOLMTA JTOKanNn3oBaH je Yy MUoKapAay
npeTKkomMopa.



AppeHeprunyke henmje

CVHTETULLY aapeHanuH, HopaapeHanuH 1 4oNaMuH.
Hanase ce y rpynama, namehly KpBHMX cyaoBa 1 MUOLMTA.

HenpasunHor cy obnvka n noceayjy eyxpoMmaTuyHo jeapo,
EeKCLIEHTPNYHO NOCTaBIbEHO, Ca U3PaXXEHNM HYKITEOTYCOM N DPOjHUM
NHOEeHTauujama.

LinTonnasma je ncnyweHa enekTpoHCKU CBETNMM rpaHynamMa y kojuma
CY AENOHOBAHN CUHTETMCAHWN KaTexornaMuHn (He cagpxu
Munodubpune).

N3mehy cekpeTopHUX rpaHyna pacnopeheHe cy usgyxeHe
MUTOXOHApPWje, Kao n manobpojHe unctepHe rpEP. lobpo passujeH
0N KOMMNEKC fioKann3oBaH je nepuHykneapHo.

He nocepnyjy cnojHe KoMnsiekce ca OKOSTHUM KapanomMuouuTuma.






Muoxap.q — nonpeql-wl npeceK
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EnukapAa

CarpaheH o npocTor rbycnactor enutena (Me3oTen) 1 TaHKor
cybenukapgHor croja.

CybenukapaHu cnoj — pacTpecunTo BE3MBHO TKMBO Y KOME Ce Hasase
KosiareHa n enacTtuyHa BriakaHa, KpBHU U NMMMAOHN CyO0BU, HEPBHA
BnakaHa 1 BapujabusiHe KONMYMHE MacHOr TKMBa.

Envkapa npeacTaBrba BUcLieparnHu IMCT NepukKkapaHe Kece.



NMepukapn

[MpeactaBrba napujetanHn, pubpo3HM NUCT NepuKkapaHe Kece.
Ca BucuepanHum nuctom (ennkKapgom) craja ce Ha 6asm cpua.
Ca yHyTpalwHe cTpaHe 0brioXKeH je criojeMm mesoTenHux henwuja.

N3mehy ennkapgHor n nepukapgHor Me3oTernHor crioja Hanasm ce
nepukapgHa gynsba (oko 50mn bucTpe, ceposHe Te4HoCcTH —liquor
pericardii) — cmamnyje Tpewe n3meny BucuepanHor n napujetanHor
fIncTa cpyaHe Kece.

Liquor pericardii ctBapajy me3oTenHe henuje.



fibrous ring
of pulmonary

trunk conus

ligament

membranous part

fibrous ring of interventricular
of aorta M Sseptum
left fibrous fibrous ring
trigone of tricuspid
fibrous ring i vl
of mitral R
valve X
right
fibrous

trigone

opening for atrioventricular
bundle (of His)

Punbpo3HU cKeneTt cpua

ObyxsarTa:

cp4yaHe 3anucke (valvulae)
4 bnbposHa npcteHa (annuli fibrosi)
2 dnbposHa Tpoyrna (trigona fibrosa)

ropksi 1eo mehykomopHe nperpage (septum

“membranaceum)

BUTKe TetTmee (chorde tendineae).
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CnpoBoaHu cuctem cpua

dopmunpajy ra cnpoBogHN MUOLINTU
Koju obpaayjy:
— cuHoaTpwujanHu ysop (CA
4BOp)

— WHTEpPHOOYCHE CHOMoBe

— aTPUOBEHTPUKYNAPHN YBOP
(AB uBOp)

— XKMCOB CHOIMM N HETOBE rpaHe.

CA 4BOp je CMeLllTeH y MruoKapay,
a AB uBop y cybeHaokapay oecHe
NPETKOMOpE.

MwuwunhHe hennje yHyTap 4yBopoBa
Cy BpeTeHacTe, pasrpaHare u
CUTHWje O KOHTPaKTUIHUNX
MuouuTa.

[lnctanHn geo XncoBor cHoma u
Herose rpaHe rpage lNypkunweoBe
henuje Koje cy KpynHuje n
CBETNINjE OO KOHTPaKTUNHUX
MuoumTa.



CuHoaTtpujanHu uyBop (CA)

NokanunsoBaH y MMOKapay npearer 3vaa AecHe NpeTkoMope,
HernocpeaHo Ucnoa 1 narepanHo of ywha ropkse LWynrbe BeHe.

Y CA 4Bopy cTBapa ce UHULUUjariHu CTUMYNYC 3a KOHTpakunjy
cpyaHor muwmha — pacemeker 6p3avHe 1 puTMa cpuYaHMX KOHTpakuumja.

NHepBucaH je HepBHUM BriakHMMa AHC 1 nentnaeprnykum HEPBHUM
BnakHuma (Heyponentug Y, BUI, cyctaHua 1) — mogynupajy
akTusHocT CA yBopa.

mnync HacTao y CA 4uBopy ce 6p3o cnpoBoaun npetkomopom o AB
4yBopa, NyTeEM HEKOSIMKO MHTEPHOOAYCHUX CHOMOBa carpaheHux og
CNPOBOAHMX MMoLMTA.



CuHoaTtpujanHu uBop (CA)

CnpoBoaHu mnounTtn CA 4yBopa noBe3aHu Cy ca KOHTPaKTUNMHUM
MUOLMTMMA NPeTKoMopa, Tako Aa ce umnync Hactao y CA yBopy
oaMax LUMPU Ha NPETKOMOpE.

CA 4BOp je noBe3aH ca AB 4BOpPOM MpeKko HEKONMKO CHOMoBa
cacTaBIbEHUX 04 CNPOBOAHMX MUOLMTA KojuMa nmMmnyrnc 6pxe nyTyje
HEero OKOSTHUM MUOKapPOOM.

OBW CHOMOBU YNHE UHTEPHOAYCHE nyTeBe Yuju MUOLUTN UMajy
cnnyny rpahy cnposogHum mmountnuma CA n AB 4Bopa.



ATpuoBeHTpukynapHu (XmcoB) CHOnN

HacTtasak AB 4Bopa carpaheH oa napanenHux cHornosa CrnpoBOAHUX
MUouUMTa CIIMYHMX OHMMA Y YBOPOBMMA, KOjU Ce cnyLluTa HU3

MehyKoOMOpHY nperpagy.
Xu1coB cHon ce ybp30 genu Ha AecHy 1 neBy rpaHy.

[paHe AB cHona npona3se cybeHaokapaHUM Be3UBHUM TKMBOM
KOMoOpa 1 Kaga 4ocrejy A0 BpXa cpua Harmno Mewajy npasau, 1
3aokpehy ka 6a3un, gajyhmn mHore orpaHke KOju Cy y KOHTaKTy ca
KOHTPaAKTUITHUM MUOLUNTUMA.

OBakaB TOK CNpoBOAHUX NyTeBa omoryhasa [a ce akLMOHW NnoTeHuujan
Op30 npeHece [0 Bpxa cpLa, ofgakne novmke KoOHTpakLmja Komopa.



[lypknwseoBe henuje AB cHona

Y npokcumanHum genosmmMma X1UcoBOr CHora, Hanase ce henunje crnnyHe
CNpPOBOAHMM MMOLIMTMMA YBOPOBA.

Y auctanHum gerioBMmMa cHona v HeroBum rpaHama Hanase ce
NMypkueoBe henunje Koje cy KpyrnHUje N cBeTNinje 0L KOHTPaKTUITHUX
MuoumTa.

[Mocenyjy manobpojHe, nepudepHo pacnopeheHe mnodunbpune, bpojHe
MUTOXOHApWje, onun gMKTNo3oMe, peTke unctepHe rpEP v Benuky
KONMMUYMHY IMNKOreHa, WTo UM Jaje cBeTao u3rnea.

[MypknteoBe henuje cnposoae nMnyrnce u Ao net nyta 6pxe y ogHocy
Ha KOHTpaKTUMHe MmuoumTe.



[TypKknwseoBe




NTMM®HU BACKYJINIAPHM
CUCTEM




INTumdHU BackynapHu cuctem

Right lymphatic
duct

Right
brachiocephalic
vein

Internal jugular vein
Left lymphatic
N
Subclavian
2 vein

(s

d
=0 A

Superior
vena
cava

] > Intercostal

, trunks
Thoracic

duct

Inferior
vena cava

 Opeoaun 10% domnTpata KpBu y NEBUN U AECHN BEHCKM yrao.

» JlnmdoHKM cynoBu Hanase ce ceyga y teny, ocum y LUHC-y, KowTtaHoj cpxu,
ennTennma, XpckaBmum, OMHOM COUYUBY N POXKH>AYM.

* JlnmdoHKM BacKkynapHuU CUCTEM YMHE:
— NUMAQHU Kanunapwu
— cabupHu nMMcHU cygosu
— Benuku numdHn cygosu (d. thoracicus u d. lymphaticus dexter).



arteriole

INTnmdbHM Kannnapwu

llar *  [lounwy cneno y GnunsanHu KpBHUX
precap

metarteriole \\ sphincters Kanunapa.

capllat o TMocenyjy camo TaHak eHaoTen, AoK je
6aszanHa membpaHa AeNUMUYHO nnn

triproughiare NOTRYHO OACYTHA.

channel

rbpei « EHpoTenHe henuje ce npeknanajy, a
capillary o4 KX Ce MNpyXajy cuapeHe HUTMU.

venule

CupapeHe
HUTK

» 3a pasnuKy of KpBHMX Kanunapa
NUMA@HU Kanunapu Hemajy nepuuuTe,
anu nmajy sarnmcke.




IlnmdbHM Kannnapwu




IlumdHU cya v BeHyna

« Ha xuctonolkMm npenapaTtMma BeHyne ce noy3gaaHo Mory
pasnuMkoBaTu of NiMMmdarumka no NpucyTBy epuTpoLmTa y CBOM NyMEHY.



CabupHu n Benukn numdcdHun cyaosu
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rpahe Kao BeHe, camo

LUTO UM je 314 TakbWu, a
3anucum ydecranuju.




UMYyHCKU cuctem

ennTon

Pey UMYHOCT notunde oA naTUHCKe pedn immunitas Koja ce kopuctuna aa
onuwie 3alTUTY PUMCKUX ceHaTopa o4 jaBHUX TyXunaua TOKOM HMUXOBOr
pajay ceHaTty, a y UMyHOJOrmju o3Ha4daBa OTMOPHOCT Ha BonecT.

myHCKn cnctem obyxeata henuje, TKmea 1 opraHe ofroBopHe 3a
onbpaHy opraHM3aMa of, CTPaHUX U NU3MEeHEHNX COMCTBEHUX MOJIEKyna.

AHTUreH je cBakm MONEKyn 3a KOju NocToju cneundundHn peuenTop Ha
henujama nmyHckor cuctema, numdountTnmMma. AHTUreHn Mory BuTn conyounHu
MOJIEKYIIN UNN CYy cacTaBHU aenosu henuje.

EnnTon je oeo aHTUreHa ca Kojum cneumdpuyHn peuenTtopu Ha
nMMgoumMTUMa OCTBapyjy KOHTAaKT.

Peakunja MMyHCKOr cMCTEMA Ha aHTUreH Ce 03Ha4YaBa Kao UMYHCKU OAroBoOp.



HuBou n mexaHnamm ogbpaHe

 Cnomawxa 6apujepa

— KOXa W Cny3oKoxe
 HecneuudwmyHa (ypoheHa) umyHocT

 CneuunduyHa (cTeyeHa) UMyHOCT



Cnomawna dbapujepa




HecneundunyHa (ypoheHa) umyHocT

« OnepaTuBHa je Ha pohery (Npe KOHTaKTa opraHMamMma ca aHTUITeHOM).
* Y henunje ypoheHe uMMYyHOCTU cnagajy:

— Makpodaru
— rpaHysnounTmn
— MacTounTK

— NK henunje
— geHapuTcke henunje

« ObyxBarta HecneunduyHe TKNBHE peakuuje:
— WHMNamauujy
— dparounTosy
— CUCTEM KOMIMMEMEHTA.

* YpoheH MMyHCKM O4roBop je:
— Op3
— HecneuyuduyaH (yBek nctm 6e3 obampa Ha BPCTYy aHTUIEHA)
— Hema MMYHCKor namhemna, 0O4HOCHO MeMopujckux henwja.



CneundunyHa (ctedyeHa) UMYHOCT

* AKTI/IBI/Ipa Ce HAKOH KOHTaKTa Ca aHTUreHoM.

 'henunje ctedeHe WMYHOCTMU:
numdcpoumnTun
*B-numdpouuntn
* T-numdouunTn

* WMyHCKM ogroesop Koa cte4eHe UMYHOCTM je:
— CNopujn Hero ko ypoheHe MMYyHOCTH
— cneunduryaH (npunaroheH gatom aHTUTEHy)
— npaheH MHOYKLNjOM MMYHCKE MeMopuje.



CneundunyHa (cteyeHa) MMyHOCT

* EcbekTopcke hennje cteueHe umyHoctu, T u B numdcpountn 'namre”
KOHTaKT ca aHTUreHoM 1 npu cnegehem cycpeTty ca UCTUM aHTUIEeHOM

pearyjy 6pxe, 6ypHuje 1 edomkacHuje.

*  VIMyHCKM 0OroBop y CTEYEHO] UMYHOCTU MMaA HEKOSTMKO DUTHMX
0CODEeHOoCTU:

- cneundpUYHOCT,
- Pa3HOBPCHOCT,
- naMmherse

- ToriepaHuuja.



Serum antibody titer

UMyHCKKN ogroBop

[TpMapHN 1 CeKyHOapHN MMYHCKM OArOBOP.
«XymMoparHu v uenynapHu UMYHCK/ OAroBop.

Antigen X + X
Antigen X Antlgen Y ®.r..) s

| >¢ Anti-X B cell = A
| Activated
l:@ Anti-Y B cell Bcells.

Activated *{'t

B cells




XymMopanH1M UMYHCKM o4roBop

Edexropun
B-nmum¢pouur
(m1a3zmouur)

IgM AHTHUTEH

Memopujcku
B-mum¢pouut

~\
HauBuu \
B-mamdount Besnkn
B-nmum¢pouur

Anonrto3a

 HaKkoH KOHTaKkTa ca aHTUreHoMm HamBHW B-numdounTtn gndoepeHuupajy y
nnasmouuTte 1 memopujcke B-numdouure.

» [lo okoH4YaKwy MMYHCKOr ogrosopa BehnHa edpektopckmx henumja ymmnpe
anonTo3oM.



LlenynapHun MMyHCKN O0Ar0BOP

Edexropun
xeJmep wiu
HUTOTOKCUYHU
T-mumpount

AHTUTEH
Memopujcku

e o A T-aumdpouut
HauBHu — \
T-mmponnT T-aumdounT

Anonrto3a

* HakoH KOHTaKTa ca aHTUreHOM HamBHU T-numdounTn andepeHunpajy y
edekTOpCKe nomaravke unm UuNTotokcudke T-nnmdounte n
memopumjcke T-nnmdouuTe.



MMM OoLUnUTK




JIInmdhountn

* JlnmcpounTun cy 6ene henuje KpBu 3agyxeHe 3a oabpaHy opraHmama o
CTpaHuMx areHaca.

» PacejaHun cy no uutaBom Teny, y kpeu YnHe 20-40% Genux KpBHUX 3pHaLa,

OOK CY Y NUM(PHOM TKMBY N NUMEPHMM OpraHMMa AoMMHaHTHa henunjcka
nonynauuja.



Mogena numdouuTta

* [lpema BeNUYUHM:
a) manu
6) cpear:u
B) BESTUKN.

* Tpema pyHKUU]jN:
a) B-numdountu
6) T-numdouunTn
- nomohHu4ku (xennep) T-numdounTtn
- UINTOTOKCUYKM T-nnumdoumntu
- NK-numdpoumtw.

* [pema nmyHCKOM cTaTyCy:
a) HanBHU
6) akTuBMpaHu
B) edpeKTOpPCKU
) MEMOPWjCKMN.



JIInmdbountn

TP T Ly AL DL gy

”_a\r..vo\




Mam’n, cpeAln N BenUKn nuMmdgounTu

* [lpeko 90% uunpkynuwyhmnx numdpoumnTta nma npeyHuk 6-8 um mn cnaga y
Marne numdouunTte.



T e

PyHKUUOHArIHa
nogena
numdoouunTa

Kao mapkep 3a B-numdouute
kopucTtu ce CD20, 3a T-numdoouunte
CD3, a 3a NK-numdrounte CD56.
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oxygen toxicity, they do not exclude the possibility that
other effects may exist, for example, oxidation of thiol
groups of enzymes.
I thank Mr. C. Gilchrist for assistance and Mr. F.
‘Wanless for the photomicrographs.
A. C. Arrison

National Institute for Medical Research,
London, N.W.7.
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DELINEATION OF THE THYMIC AND BURSAL LYMPHOID SYSTEMS
THE CHICKEN

By Dr. MAX D. COOPER*, Dr. RAYMOND D. A. PETERSON}
and Pror. ROBERT A. GOODi

Pediatric Research Laboratories of the Variety Club Heart Hospital, University of Minnesota, Minneapolis

NVESTIGATIONS of clinical immunological deficiency
syndromes have long suggosted the existence in man
of two distinet populations of lymphoid cells, a division
seen most clearly in the Bruton type of sex-linked reces-
sivo agammaglobulinemis in which there is virtually
complete failure of plasma cell f ion2 and y-globuli;

the role of the bursa in visceral lymphomatosis. This

virus-induced malignancy seldom if ever occurs in bursec-

tomized birds, while thymectomized chickens seem to be
as suseoptible as controls.

The chlcken modol then, seemed to offer the groatest

1 for the two cell s experiment-

production®. Many of these patients have never formed
detectable antibody. Their immunological failure is only
partial, however; they are able to express delayoed
hypersensitivity*® and are usually ablo to reject homo-
grafts, although the rejection process is slower and less
efficient than normal®. Circulating lymphocyte-lovels aro
relatively normal in most inst Thus, their i
logical defect represents a relatively isolatod absenco of
antibody-producing capability and of its cellular and
humoral correlates, plasma cells and the immunoglobulins.
It has been possible, since the discovery of the immun-
ological role of the mammalian thymus and the avian
bursa of Fabricius, to produce immunological deficiency
syndromes in experimental animals, provided the organs
are removed in the early neonatal or post-hatching?-27
period. However, none of the mammalian models of
immunological defect, in the mouse, rabbit, rat, or hamster,
has involved absence of immunoglobulins or lack of plasma
cells®18.18-20, glthough all involve some loss of antibody-
producing capability. The only model approaching
lassical Jobuli has been that of the

a.lly, systems so clearly separated in that extraordinary
‘oxperiment of Nature’, sex-linked recessive agamma-
globuhnaemm The work to 'be deseribed involved &
€0; of sub-lethal i with bursectomy,
thymectomy, or both in the immediate post-hatching
period in chickens. It has enabled us to produce an
experimental model of agammaglobulinsemia, and to
define the thymic and bursal systems in the chicken.
The findings suggest that the thymus-dependent tissue
is basic to immunological recognition, and that it interacts
with the bursa-dependent: lymphoid tissue which might
be termed the production system for antibody. They
suggast, too, that all the experiments in mammals
logical defici following removal
of the thymus or appendix, or both, have affected thymus-
dependent lymphoid tissue, that is, recognition.

On the day of hatching, White Leghorn chickens were
dexded into five groups. Ona group was surglcally
thy d, another lly bu d, and a
third subjected to both procedures. The following day
these birds and an unoperated group were irradiated with
600 r. diti of irradiation: 220 kV, 15 m.amp,

chicken bur ized in the i di post-hatching
period or hormonally bursectomized by treatment with
19-nortestosterone or similar agents during incubation.
Such birds produce low levels of antibody to most anti-
gens’v“ 21,22 and are usua].lv deficient in plasma cells and

with 0-25 mm copper filtration at a dose rate, in air, of
45 r.jmin). In a previous experiment 700 r. was the
LDy, dosage for 2-day-old chickens. All the irradiated
amma.ls plus a control unirradiated group were housed
under standard poultry housing conditions.

in y-globulin, ly the
Data relating the thymus and bursa to reactions of delayed
ivity are ve1.28,  Skin

hyp
immunity has been variably affected by neonatal thymec-
tomy in different series of experiments®2%28, but has
been quite consistently uninfluenced by bursectomy.
Szenberg and \V&rnr‘r“, in 1962, on the baﬂs of investi-

gations of I bur: L some
of w}uch n.Iso had an atrophied thvmw cortex, originally
of i based

on thymxc versus bursal influence. Since that time,
additional evidence for this immunological dissociation has
been forthcoming from several laboratories?®.2?.20-31,
Further, the investigations of Peterson et al.?® established
* Postdoctoral Research Fellow, U.8. Public Health Service.
+ Established Investigntor, American Heart Associatio
AT Amerlcan “Teglon Memoris1 Heart Research Professor of Pediatrics and

At the age of 40 days each animal was injected intra-
abdominally with 20 mg of crystallized bovine serum
albumin (Armour) in saline and 10° killed Brucella abortus
organisms (U.S. Department of Agriculture). Nine days
later the birds were bled and killed. Spleen sections
from each animal were prepared for staining with methyl
green-pyronin®® and hematoxylin and eosin. Thymus
and bursa tissue sections were also stained with hema-
toxylin and eosin. Assays for antibody to bovine serum
albumin were performed by a tube hwmagglutination
technique using bis-diazotized benzidine linkage of bovine
serum albumin to rabbit erythrocytes®t., Antibody to
Brucella was a.ssayed by a stemdnrd tube bacterial
agglutinati Microi is of
sera from each group of animals was performed by the
method of Scheidegger®® with a 0-05 M borate phosphate

©1965 Nature Publishing Group
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B-numdountu

*  B-numdouutn cy hennje xymopasriHe MMyHOCTH.

* HacTajy n caspeBajy y KOLWTAHO] CPXKK, a 3aTUM Kao HauBHU UNK
OeBUYaAHCKN NUMounTn Murpupajy y numdoHe onunkyrne criesmHe,
NMMdHNX YBOPOBA, KpajHUKa U nuMMdHOr TKMBa Myko3e, 360r yera ce
NM@HU Ponukynu o3Ha4vyaeajy Kao B-3agucHe 30He.

« Kao peuenTop 3a aHTUreH CAyXN UM noepuwHuU umyHoas106ynud M (IgM) ,
ofHOCHO B-henujcku peyenmop (BCR).



IgG IgE [gD
B-numdountn ARV
[gM [gA

EdekTopcke hennje xymopasnHe MMyHOCTU CYy NAasMouuUTu E%é W}( ;";

KOju Jlyde MMYHOrnoobyrnuHe (aHTUTEena) y KpB, MMy nnm
INNKBOP.

[MocTojn 5 knaca nmyHornodynunHa.
Memopujcku B-numdoumnTtn Hactajy Tokom nponundoepavmje u

avdpepeHumjaumje aktnsmpaHux B-numdooumTa y oarosopy Ha
NPOTENHCKE aHTUTEHE.

NMyHOT100YJIMH (AaHTUTEIIO)

IgM

B-nmumdouur ITaxa3zmouut



T-nnmdountu

T-nnmdcoumnTu cy henuje uenynapHe MMyHOCTH.

HacTajy y KOCTHOj CpXXU, ca3peBajy y TUMYCY, a 3atuMm murpupajy y T-
3aBUCHE 30He nepndepHnX NMMMdAQHUX opraHa.

UnHe 60-80% umpkynuwyhmx numdooumnTa .

[1lpenos3Hajy yrnaBHOM NPOTEUHCKE aHTUreHe U TO camMo Y3 NoMoh aHTUreH-
npeseHTyjyhux henuja.

Ha nospLunHn ekcnpumyjy peuentop T-henuja (TCR) n kopeuentope CD4
nnu CD8.



T-nnmdountu

« 3penu numdounTM caape caMo jeaaH of OBMX MOSeEKyna u Ha OCHOBY Tora
aerne ce Ha:

a) CD4+ T-numdpoumnTte, Koju ce 30BY jowl n noma2adyku (helper) T-
aumeoyumu v

6) CD8+ T-numdounte HasBaHe jow N yumokcu4dku T-numghoyumu.



[Tomara4ykm n UUTOTOKCUYKM NuMdoLnTH




NK-numdouuntun
« (OsHauaBajy ce kao “natural killer” numdounTt n ynHe 5-15% numdooumta KpBN.

* YyecTByjy Yy HecneunUyHOM MMYHCKOM OAroBOpY.

« [ejcTByjy NpOTUB 3apakeHnx u TyMmopckmnx henuja koje He ekcnpumyjy MHC
Mornekyne knace |.

 Cnapgajy y cpearse numdoumnTe, a 308y Ce joL 1 BENIUKM rpaHynapHu
numMmdoumnTH jep nMmajy rpaHyne y Kojuma cy cagpxxaHu npoTenHU NepdopuH u

rPaH3nNM.
Fas
2 (CDZ5)
Apoptosis N FasL
- \ Q,(QDQSL) __ NK-numdouut
( T\ e\e \Y ~
/‘ \\

— _' Granzymc /
Tymopcka | '\‘Cffss , ,. \

_ \AD
henuja S \g \) )

FcR /
ADCC A
A A - — - ___,./‘/

Perforin - NK-NK mumdorut
Th-tymopcka henuja

A



AHTUreH-npe3eHTyjyhe henuje

majy cnocobHOCT yHowlewa, Npepane u npeseHTauunje aHtureHa T-
numdounTnma.

Nopena:
a) Jenpputcke henunje
- He3pene (JlaHrepxaHcoBe henuje)
- 3perne

6) Makpodaru

B) B-numdcouutn.



HeHapuTtcke henuje

* Hespene geHaoputcke henunje ce Hanase y
enuTeny u 3oy ce JlaHrepxaHcoBe henwuje,
OOK ce 3perie Harnase y Be3uBy.

« (OsHa4aBajy ce kao “npodgecroHarnHe’
npe3eHTyjyhe henuvje jep UM je npeseHTaumja
aHTUreHa OCHOBHa ynora y opraHusmy.

- Hespene ¢
.~ "\:. . ' s N

N

I 4 % Dendritic
Cell

Lym p‘h dcyte
Paul Langerhans
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OeHnaputcke henuje - TEM

R T

o e

bupGekose
rpaHyle

« 3pene geHaputcke henuje Ha eneKkTPOHCKO] MUKPOCKOMMjKU Npeno3Hajy ce rno
OpojHUM npoayxeumma un KapaktepuctmyHum bupbekoBum rpaHynama,
oOnuka wTana unu TEHUCKOr pekeTa.



Makpodpar

 Makpodar je nytajyha henuja seamsHor
TKMBa KOja BOAMW NOPEKIIO 04 MOHOLMUTA.

* Benuumna 15-30 um, XXMBOTHWU BEK OKO 2
meceLa.

» [lpenackom y Be3MBHO TKMBO, MOHOLINT
nognexe oeHOoTUNCKoj Mogndmkaunjn y
Makpodoar, nobunja oBanHm obnuk ca
nceygonogujama n gounonogmjama Ha
NOBPLUMHN,

» [lceyoonogujama makpodpar obyxsarta u
NHTEepHannayje cTpaHe YyecTtuue ga om nx
OENMMUYHO UKN Y NOTAYHOCTU PasfoXuno.

Unbs Unbuy MeyHukos


Nemanja
Typewritten text
Илья Ильич Мечников


Makpodpar

« Jenopo henwje je ca BuLle
xeTepoxpomMaTuHa og onbpobnacra,
opraHene cy fobpo pasBujeHe, a
yutonnasma je ncnyweHa
BaKyosrnama n nm3o3oMmmuma.

* [lpynaga MaHOHYKMNeycHo
doarounTHOM CUCTEMY.

* Ynore:
— (parouunTtosa
— npe3eHTaunja aHTUureHa

— CceKpeuuja akTUBHUX CyncTaHuu
(eH3MKU, MeanjaTopn 3anarbexa)

— MeTabonuyka ynora (yknawawe
epuTpouunTa).




NTMM®HU OPIrAHU




JTnmdbHM opraHm

To cy opranu narpahenu og numdHor Tkuea (TUMYC, KOoLUTaHa CpX, CriesnHa,
NUMAOHN YBOPOBU U KpajHULN).

[Mpema CTpyKTypun NMM@HMN opraHn ce aene Ha numdoennTernHe U
numdopeTukynapHe, a npema oyHKUUjU Ha NPUMapHe N CeKyHaapHe.

JITnmdboennTenHn opraH je TMMyC, a octanu cy NMMAOOPETUKYITapPHW.

[MpMapHM NMMMPHN OpraHn cy KollTaHa CpX 1 TUMYC, a CeKyHOapHU
criesnHa, NMMQHN YBOPOBU U KpajHULIN.

Y npyumapHuUM NMMAQHUM opraHmmMma nnmaouunTn caspeBsajy, a 3atum
MUrpupajy y cekyHaapHe.



INTnmdbHM chbonukynum

YR s T

.

Cexynaapuu muMpHUA POIUKYI

[Tpumapuu numdau Qonukyn

« To cy nonTtacTu unu oBasiHW arperaTi numdoouunTa.

« [lene ce Ha npumapHe (“mupyjyhe”) n cekyHgapHe (“aktuBmpaHe”) numdHe
doonukyrne.

« 3a pasnuKky o NpuMapHUX, CEKyHOAPHU NTMM@PHN POonnKynm nmajy
repMMHaTUBHU LeHTap M KOPOHY.



) 'pyAaHa xne3pa (Tumyc)
MYC

nerera °* LeHTpanHu numdHu opraHy kome ca3peBajy T-
numdounTn.
« CTpyKTYpHY OCHOBY OpraHa YnHe enurtesriHe
henwuje, 36or 4era ce TMMYyC cBpCcTaBa y
numdoennTtesriHe opraHe.

* KVwma gBa nobyca.

Tumyc
oJpacior




* WasrpaheH og ctpome 1 napeHxuma.

« CTpomy 4nHe Karncyna u cenrte, a
napeHxXUM NUMMAOENNTENHO TKUBO
opraHuM3oBaHoO y noodynyce.

* Y nobynycy ce pasnukyjy KOPTeKc U
Meayna.

« Y mMenynu cy npucyTHa XacanoBsa

SETHR Tenatwiya.
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Xucrtonouwka rpaha tumyca

Kancyna v cente 4nHe cTpoMy TUMyca.

Y cTpomu npeosnahyjy konareHa BriakHa n mnbpounTn Koju nx npoaykyjy,
anu ce mMory 3atehmn n manobpojHu NnasmoumnTn, MacToumTn, Makpodaru,
rpaHynoumT n numMoumnTu.

Y Tumycy ogpacnux ocoba rnasHy henujcky nonynaumjy CTpoMe YmHe
macHe henwje.

INumdboenuTenHo TKMBO TUMYCHUX Nobynyca rpaamn napeHxmm opraHa.

NMapeHXnM ce cacToju U3 ABa ogerbka, KopTekca u meayrne, Koju ce
pPasnuKyjy 1 No narnegy v no oyHkumjun.



Kopa Tumyca

Kopa (kopTekc) obyxsata 85-90% napeHxnma n Ha XUCTOSTOLLKUM
npenaparuma je 3HaTHO TaMHuja o4 Meayre.

Y H0j AOMUHMPA]jY TYCTO 30MjeHn He3penu NMmaoumTn TMMyca —
TUMOLIUTM.

[Mopen TmMoumTa, Kopa cagpXxu enumersiHe hesnuje n makpogaze.



CpXx TuMyca

Cpx (Meayna) 3axsata 10-15% napeHxunma, cagpXXu 3HaTHO MaHe
TMMOUMTa N 3aTO je CBEeTNUja of Kope.

[Mopen wux, y Meaynu cy npucytHe enumersHe henuje, makpogaau v
oeHOpumcke (UHMepduaumaHmHe) heruje Koje ce Ha Knacu4yHuUm
XUCTOMOLKMM NpenapaTtMmMma He Mory rnoy3gaHo pasnukoBaTMu.

Hajynevatronsuja kapaktepucTuka meayrne cy TMMYCHU KOPNyCKynu
(Hassall-oBa Tenawiya) - oKpyrnv unm oBarHu arfiomeparu
enuTtenHuxhenuja TMMyca HacrnaraHux y Buay KOHUeHTpUYHUX namena.
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Tnumyc

‘henunje Tumyca:

TMMouunTu (Hespenu T-numdounTn)
enutenHe henunje
mMakpodparu

AeHApPUTCKe (MHTepaUrnTaHTHe)
henuje.

Paanukyje ce 6 Tunosa enutenHux henuja.

CaspeBamwe T-numdounTa ogsuja ce y
BULLEe (pa3a y capagrun ca enutenHnm

henwnjama.

TuMounTn OOXUBIbABajy NO3UTUBHY U
HeraTuBHYy cenekuujy.

Camo 1-2% xespenux numdoumTa caspu,

[I0K ocTanu ymupy arornTo30M.



EnutenHe henuje Tumyca

EnntenHe henunje (Eh) Hanukyjy Ha peTukynapHe henuvje octanux
nuMdHNX opraHa 36or 4vera je y ynotpebu 1 Ha3mB ennTenHe
peTukynapHe henwje.

[Monynauyuja enutenHux henuja je xeteporeHa n 'y MOp@OoOLLKOM U Y
JOYHKLMOHANTHOM CMUCIY Tako Aia ce onucyje 6 hennjcknx Tunosa.

[eHepanHo, HMxoBa OCHOBHA yriora je MMyHosoLWKa egykaumja
npekypcopa T-numdoumnTa.

EnntenHe henuje Tumyca ny4vye HM3 UMTOKMHA U XOPMOHa ca fToKarHUM
[ejCTBOM KOju noapxasajy matypauujy TumoumTa.



EnutenHe henuje

E R mun | obnaxy kancyny, Tpabekyrne n KpBHe cygose kope. majy
CNSBLOLWTEH 0BMMK Te nogcehajy Ha NpocCT rbycnacT enuTen.

MehycobHo ce Beayjy OKNnyaeHTHMM Be3ama 1 Tako cnpeyasajy npoaop
aHTUreHa U3 OKONHOI Be3MBa U KPBHMX Cyd0Ba Y KOpY TUMYCa.

ER mur |l cmewTeHe cy y Kopu nobynyca.

majy KpynHO eyxpomMaTU4HO jeapo M MHOLUTBO OYrUX, TAHKUX
npoayXxeTaka.

Ca cycegHum enutenHum henuvjama Besyjy ce geamosommma doopmupajyhu
LMTOPETUKYYM KPO3 KOjU MUTpUpPajy TUMOLIUTN.



EnutenHe henuje

ER mun |ll Hanase ce y 4y0OKOj KOpU N HA KOPTUKOMEAYNapHOj rpaHuLu.
E'R tun Il ce mehycoOHO nosesyjy OKNyaeHTHUM Be3aMa, a Kako ce Hanase
Ha KOPTUKOMeLYMapHOj rpaHnuM yriora UM je aa n3onyjy KopTekc oa
Meayre.

ER mun IV npurbybsbeHe cy y3 Eh mun lll ca megynapHe ctpaHe
nobynyca.

A oHe ce Be3yjy OKnyaeHTHUM chnojeBuMa nojadaBajyhun bapnjepy nameny
Kope u meayne.

Eh munV dopmupajy umtopetnkynym y megynu. MopdonoLlky cy CrmdHe
enntenHum henuvjama tvn |l.



EnutenHe henuje

E R tip VI Hanase ce UCKIbY4YNBO Yy Meaynu.

Cnaxy ce jegHa oKo gpyre y BpTIIOKHOM MaHupy dhopmupajyhm Xacanosa
Tenawiya.

‘henunje y cpeaguuTy KOpryckyna nokasyjy 3Hake KkepaTuHusaumje, a ko
ogpacnux je yyecrtana xvjaHusaunja n kanuudgukaunja ueHTpanHor gena
NN YNTaBOI KOPMYyCKyna.

Yriora Xacanosux Tena Huje y noTnyHOCTN pacBeT/beHa, Mada ce Bepyje aa
AonpuHoce MaTypauuju TuMounTa n gudepeHuurjauuju perynatopHmx T-
numdouunTa.

[lokasaHo je Aa TMMyCHa Tenawluua cekpeTtyjy uHmepneykuH-4 (IL4), IL-7 n
MuMyCHU cmpoMasiHu JIuMgbOrnoemuH.



Makpodraru n peHgputcke henuje

Makpodraru cy pacejaHu No YNTaABOM MapPEHXUMy TUMYyca.

YKknawajy TMMOLUMTE KOjU CY HEYCMNELLUHO 3aBpLUMIn NpoLuec MMYHOIIOLLKE
eaykaumje.

deHaputcke (MHTepaurutTaHTHe) henunje cnagajy y rpyny aHTUreH-
npeseHTyjyhux henuja.

[eHaputcke henuje Tumyca umajy ynory y MHOyKuuju UMyHONOLLKe
TonepaHumje, a ocTeapyjy je ydewhem y HeraTMBHOj cenekuunju (KIoHCKO|
aeneumjn) aytopeaktuBHux T-numdooumTta n ytuuajem Ha npoaykumjy
perynatopHux T-numdouura.



Opf aptepuja Ha KOPTUKOMELYIaPHO)

rpaHnUn HacTajy apTepuone
Kanunapw.

a o HUx

Backynapusauuja

Kanunapw Koju

|eanHo

Y Kopu ce Hanase

Kanunapwu ce ynueajy y nocTkanunapHe
BEHyJle ca BUCOKUM eHA0Tenom.

ncnog Kancyne ripaBe netribe.




Backynapusauuja
TUMyca

[peko 3naa nocTkanMnapHMx BeHyna y
TUMYC yrase He3penu, a uanase 3penu T-

numdoun.
Y KOpu TUMYCa NOCTOjU KPB-TUMYC
Gapujepa Kojy 4YnHe:
— eHpoTesnHe henunje kanunapa ca
6asanHoM nammHoOMm
— repuBackynapHn NpocTopu
— enuTtenHe henunje Tmn 1 ca 6asanHom
NnaMnHOM.

Tumonut Enurenne henuje tun 1

Ennorenna henuja xkanunapa



XOopMOHU TUMYCA

*  XOPMOHMU TUMYCA:
— TUMO3MH
— TAMOMNOETUH
— TAMYJIMH
— TAMYCHM XyMoparnHu daktop

— TUMYCHM CTPOMAsNHU NMMQONOETHH.

« CBUV XOPMOHM TMMYCa MMajy JTOKanHo AejCTBO 1 NOACTMYY TUMOLMTOMNOE3Y.



MHBONyuunja Tumyca

nnn akuuaeHTtanHa (crtpec)

HBONyunja moxe 6uTn yapacHa (cpusmonoluka)
WHBOMNyuuja.




Y3pacHa nHBonyuuja Tumyca




INTnmdHN
YBOPOBU

Lymph Node i
Afferent. TR\ TR pyepH,
mphatic S § 3 N — NMMMPOPETUKYIAPHU
\yesgel B N Pop ynhap
Valve ‘ Artery opraHu.
Vein
S = « Cnyxe kao puntepu 3a
nmamay.
%Eﬁerent Py
lymphatic
vessel

*  Wwmajy gosogHe n ogBoaHe
nuvdaruke.

Afferent
lymphatic
vessels



JlnmcbHU yBOpOBMU

%4 .

CTpomy 4nHe Karcyna u cenrte, a ﬁap'eﬁxmm NMMdOpPETMKYNapHO TKNBO Koje
rpagu KOpTekc u menyny.

KopTekc ce oenu Ha cnosballkby M YHYTpPaLlkby KOPTeKe (napakopTekc).
Cnorbawmun KopTekc je B-3aBucHa 3o0Ha, a napakopTekc je T-3aBuCHa 30Ha.

Menoyny rpage megynapHe rpeauvue (nytawe) 1 meaynapHuU CUHYCW.



superficial cortex

subcapsular © @
afferent  sinus 4, ToK nu MCbe KpO3
lymphatic trabecular

[dosogHu numdaTtrum

1yt

CybKarcynapHu cuHycu

1yt

deep cortex

germinal
center [MeputpabekynapHu CUHYCH
\(/ g3—HEV MeaynapHu CUHycK
OpsogHu numdpaTnum
megiu‘llary
sinus = «  Oko 90% numdpoumnTta cTnxe

lymph y NIMM@HM YBOPp NyTEM

from 0

et KpBHU, a camo oko 10%

efferent nytem numde.

lymph vessel



INTumdHU cuHycuH

A LT RS
O g e NN v, oy RO

= | JIuTopaina
% | :
henuja

L\

« CuHycu cy obnoxeHn nutopanHum henunjama, a “npemowiheHn” cy
peTukynapHmm henujama Koje ycriopasajy NpoToK NMMJe 1 aHTUreHa
cagpXaHux y H0j.



Xucronouwka rpaha

« Pasnukyjy ce nBe 30He KopTekca:

« CnosrbawHu KOpmekc TO je B-3aBucHa 30Ha.
Cagpxu:

- IpUMapHU IUMgHU OUKyau cy NonTacTu arperaty 4eBUYaHCKUX U
MeMOpUjCcKnX B-nnumdooumTta Koju peumnpkynuly nameny nmmgHor 4sopa u
OpYyrux opraHa

- CeKyHOapHU NTuMHU ¢bOuUKyu cagpxe repMMHaTUBHU LieHTap y Kome
aKkTuBupaHu B-numdoumnTtn caspesajy y nrnasmoumnte n memopujcke B-

henuje.



Cnosbalitbun KopTeke

Cagpxu npumapHe n cekyHgapHe numdHe ornmkyne HactakeHe Maxom
B-numdountnma.



Xucrtonouika rpaha

YHympawH-u kopmekc (napakopmekc) CMeLUTEH je n3mehy cnorbawHer
KopTekca u meayne.

[TapakopTeKkc He cagpxun numdHe onukyne, seh rycto u paBHOMepHO
pacejaHe henuje, yrnasHom T-numdoumnTe, ToO je T-3aBMUCHa 30Ha.

AHTUreH-npe3eHTyjyhe henuvje napakopTtekca cy uHTepaurntaHtHe henuje
Koje Npe3eHTyjy aHTureHe xennep T-numdoumtuma.



YHyTpalwHbU KOPTEKC

L Sl PN,

« Cappxu yrnaBHom T-numdoumnTe 1 BeHyne ca BUCOKUM eHAO0TENOM.



Meayna numdHOr yBopa

« Meayna numdHor YBopa CaapXxu:

— a) medyJsiapHe CUHyce, Kao NaBUPUHTHN CUCTEM NUMAHNX KaHana
KpO3 Koje ce dountpupa numdoa u

— ©) medynapHe epeduue (nymamse), Kao CUCTEM BUjyraBux u
pasrpaHaTux nperpaga og nuMgopeTuUKynapHor TkMBa Koje oaBajajy
cycegHe cuHyce.



Mepnyna numdHor ysopa

Y MeaynapHuM rpeavuamMa y peTukynapHy Mpexy ,3anneteHe” cy npakTuyHo
cBe henuje umyHor cutema: B-numdountu, T-numdouunti, nnasmMounTu,
Makpodharn n geHgputcke henwije.

OHe ogatne murpupajy y megynapHe CUHyce 1 HanyLitajy nuMdHmn 4Bop.

Ca gpyre cTpaHe, peTuKyrnapHa Mmpexa y MegynapHuUMm CMHycMMa aenyje Kao
MeXaHMN4YKM unTep Koju ycnopasa ToK nMMde 1 Ha Taj Ha4YnH onakllasa
Makpodbarmma ,xsatawe” aHTureHa n3 nMMa@oTokKa.

CBW CUHYCH NMMHOTr YBOpa OBMNOXEHWN CY CMNSbOLUTEHNM PETUKYNAPHUM
henujama (13B. tlumopariHe henuje) koje noacehajy Ha eHgoTen.

Cnoj nutopanHux henuja je AUCKOHTUHYMpPaH Tako Aa henunje nmyHckor
cucTemManako ynase v nsnase u3 nuM@Hmnx cuHyca.



Mepnyna numdHoOr ysopa

« Capgpxu megynapHe rpeguue n meagynapHe CuHyce.

MC-menynapna rpegumna
MS-menynapHu cunyc
T-Tpabekyna (cemnra)




INTnmdbHn 4BOPp

Cno/balimbu KOPTEKC

YHyTpalllbu KOPTEKC




Cne3unHa

Em pmm

S White pulp S8

U Contral arteriole [ 4 : | -
Central arteriole EEEREEEER ' T

Hajsehn numdHM opraH, Cny>Xn Kao UMYHONOLLKU PUITep KpBW.
Cnapga y nepudepHe n nMMm@opeTuKkynapHe opraHe.
Cagpu CTpoMy 1 napexmm.

CTpomy 4umHe kancyna u cente (Tpabekyne), a napeHXUM NUMAGOPETUKYNapHO
TKMBO KOje ce 03HayaBa Kao nyrnna.



Cne3unHa

Bena nynna (20-30% BonymeHa)
— PALS

— CnneHanHu ponunkynu.

LpBeHa nynna (70-80% BonymeHa)
— BEHCKM CUHYCH

— bwunpotose nyTtame.

Ha rpaHuuun namehy upseHe n bene
nynne Hanasu ce MapruHasriHa 30Ha,
a 'y H0j Cy CMELUTEHN MapruHanHu
CUHYCMW.



bena nynna cnesuHe

UnHe je nepuaptepujckn numdpHn omotad (PALS) n cnneHanHu ponukynu.

PALS je HakynuHa numdoumTa OKO apTepuje ueHTpanuc y doopmm
UUNMMHOPUYHOI OMOTava.

Ha nonpeyHoM pe3y oBaj NMMMdOLUUTHM OMOTay noaceha Ha KnacudaH
NUM@HM Ponukyn, ann yMecTto repMmMHaTUBHOT LEHTPA UMa KPBHU cya Y
cpeguLuTy.

CnnyHo napakopTekcy numdHor ysopa, PALS je y HajBehoj Mepu HacerbeH
T-numdountTMma u nHTEpAUrMTaHTHUM hennjama Te cnaga y TMmyc-
3aBUCHY 30HY.

Y mawem 6pojy npucyTHM cy B-numdouunTn, nnasmoumtn 1 Makpodarwu,
HapounTo Ha nepudepuju PALS-a.



bena nynna cnesuHe

CnneHasnHu osIuKysiu cy oBasriHu Unn cpepmnyHn NMMQOUNTHN arperaTu
pacyTu no crne3nHu 6e3 nkakeor peaa.

3a pasnuKy of KracudHux NuMgHnx donukyra, cnyieHanHn onukynm cy
omoTaHn PALS-om u cagpke eKCUEeHTPUYHO NoCTaBIbeHY apTepujy
LeHTpanuc.

Y HbuMa goMuHUpajy B-numdount Tako ga cnsieHanHu onukynm
npeacraBibajy B-3aBUCHY 30HY crie3nHe.



bena nynna cnesuHe

Y cpenuTy oonukyna je repMMHaTMBHU LeHTap Yy KOMe HakoH akTnsauumje
nponudepuly B-numdounTn.,

repMI/IHaTI/IBHI/I LEHTPW MOl'y Aa HapacTy un noctany BnarbnBu royiniM OKOM.

Tako ysehaHu dponukynu cnesnHe 3oBy ce Marnnuaujega menauwuya vnm
crifieHarnHu 4eopuhu.



bena nynna cnesuHe

UnHe je nepuaptepujckm numdHu omotad (PALS) n cnneHanHu
donukynu.

PALS je T-3aBucHa 30Ha, a Gonukynun cn B-3aBncHa 30Ha crnesuHe.



LipBeHa nynna cne3nHe

LipBeHa nynna 3axsaTa Hajsehn geo napeHxnma cnesmHe. Cagpxun doraty
MPEXY BEHCKUX CUHYCa W Tpake MMM OpEeTUKYapHOr TKNBa, T3B.
criieHasiHe mpake wnu bunpomose rnymare Koje ce npyxajy namehy
CUHycouaa.

BeHcKu cuHycu cy crneununyHmn KpBHN CYOOBM TUMa CUHYCOUOHNX
Kanunapa.

basanHa nammHa cMHycoOMaHUX Kanurapa je HEKOMIMIIETHA, a heHU ocTauu
Cy 3ajelHO ca peTuKynapHum henunjama n peTukynapHUM BriakHMMa
OMOTaHW OKO eHaoTesnia kKao obpy4ym oko bauyse.

N3amehy eHgotenHunx henunja sjane nykotuHe WwWMpuHe 2-5 UM koje
[o03BorbaBajy criobogaH nNpoTok KpBHE nriasme, anu 1 nposas henuja Kpsu y
oba cmepa.



LipBeHa nynna cne3nHe

BeHCKN CUHyCK criesnHe Cy jeaAnHW KPBHU Cy40BU JbyACKOr Tena Kpo3 Yuju
314 epuTpoLnTM MOTy HanyLwiTath KpBOTOK M BpahaTtu ce HaTpar.

bunpomoee mpake (NnymaHe) CMelTeHe Cy n3mehy BEHCKNX CUHYCa.
HorxoBYy OCHOBY YMHW MpeXa caTkaHa of peTukynapHux henuvja u
pPeTUKyrapHUX BnakaHa.

Y 0BOj MpeXxun 3aTndy ce cBe henunje KpBu Koje Ty AocneBajy U3 nymeHa
BEHCKUX CMHYCa, anu n makpodharu, geHgputcke henmje n nnasmouuTu.

Makpodrarn bunpotosux nytarwa arounTyjy goTpajarne epuTpounTe.



LipBeHa nynna cne3nHe

MapruHanHa 30Ha je y3aH npenasHu pernoH namehy upBeHe n dene
nynne.

To je nojac wunpuHe oko 100 um Koju okpyxyje PALS n cnneHnarnHe
doonukyne.

Y MapruHarnHoj 30H1 Hanase ce T- u B-numdounTtn, nnasmounTm n
NHTEpauruTaHTHe henunje, anu cy HajbpojHMju makpodarn.

MapauHasnHu cuHycu Hanase ce Yy 6rM31HN UK y camoj MaprmHanHoj
30HW 1 NOCEBHO cy BPOjHN OKO crnneHanHux onukyna.

[MpBK KOHTAKT N3MeRy aHTUreHa Koju NyTeM KPBU CTUXY Yy cnesnHy n henuja
MMYHOT cUCTEMa [JellaBa ce ynpaBo Yy MapruHanHoj 30HM.



nynna crne3uHe




LipBeHa nynna cne3unHe
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Backynapusaumja
ClNnie3nHe
lis
trabeculares




Moaen oTBopeHe U 3aTBOpPEeHe LMpKynauuje crie3amHe

trabecular artery

_ trabecular vein

splenic

nodule closed circulation

-] —
I
splenic sinus

(%)

COLOD : : s
OO terminal arterial capillaries
(open circulation)

sheathed capillaries




PyHKUMU]e crne3nHe

*  WmyHcke ¢pyHKUM]e
— nponudepaunja numouunTa
— npoayKkunja aHTutena

— YKIakbale€ aHTUreHa.

 OcrTane cyHKunje
— MpeHaTarnHa xemaronoesa
— JecTpyKkuuja eputpoumTa n Tpombounta
— [JenoHoBake roxna

— CKnaguwiTeH-e KpBHU.



IlumdpHO TKMBO MyKO3e
- MALT

1+ MALT (Mucosa Associated Lymphoid
: Tissue).

v »  T[pUCYTHO y CNY30KOXM AUreCTUBHOT,
pPecnMpaTopHOr 1 yporeHuTanHor
TpakTa.

o JTnmgpounTn pacnopeheHn gnugysHo
nnn n Buay onukyna.

» [naBHe komnoHeHTe MALT-a cy
KpajHuum, lNajepose nnoye v nMMdHn
doonuKkynu upByIbKa.

*  B-numgoumntun npogykyjy Ig-A.




Kpajunum (tonsillae)

TOH3UMEe cy AeENMMNYHO MHKancynucaHn arperatv NMMdQHoOr TkMea
pacrnopeheHn y Buay 3aluTUTHOr NPCTEHa Ha ynasy y opodapuHrc.

HonxoBa noBpLUHa CTpaHa obnoXeHa je ennuTerioM Uy KOHTakTy je ca
aHTUreHnMa Koju Npoaupy y YCHy Ayniby W XOpeno Npeko XxpaHe unm
Basgyxa.

[lyboka cTpaHa UM je nsonoBaHa o OKONMHE BE3NBHO-TKUBHOM
nosiykarcynom.

[TocToje Tpu BpCTE KpajHUKa Koju doopmupajy Banaejepos (Wangeyep)
ANPCTEH: HEMYAHU, [E3UYHN U XKOPESTHMN.



Hen4yaHu KpajHUK

Donuxkynuy”
g ’ /

1%

54 ("“.)
e -A;f( B,
donukyma - - -

« Cagpxu 10-20 Habopa crny3HuLe 04BOJEHUX TOH3UMNAPHUM Kpuntama.

« Habopun obnoxeHn nno4YacTum CrnojeBUMTUM ennteniom 6es3 opoxkaBara, a 04
ocTaTka yCHe Aynibe 04BOjEHWN NOsTyKarncysriom.

*  KpuntnyHu enuten nokaayje HM3 cneundmYHOCTM.



Ennten TOH3MNapHUX Kpuntu

CneununyHOCTN KPpMNTUYHOT enuTena: peTukynapHa CTpykTypa, MUKPOKpUnTe,
NHUNTpPauunja neykoumTma, npuUCcycTeo Kanunapa .



HenyaHwu
KpajHUK

cnop enntena cmelwuTeHa
je namuHa nponpuja
narpaheHa og
NUMAOpPETUKYNapHoOr TKMBa.

Y repMMHaTUBHOM LEHTPY
donukyna gudpepeHTyjy ce
NNasmMouUnT 1 MEMOPU]CKU
B-numdouunTn.

IInmdpHn dponukynu cy b-
3aBMCHa 30Ha KpajHuKa.
NHTEepdOnmMKyncku

npoctopu cy T-3aBMUCHa
30Ha.



Hen4yaHu KpajHUK

TOHCKNa nanaTuHa je o4 oKosnHor muwinha ogBojeHa ryctom Be3uBHO-
TKMBHOM MOMYyKancysiomM Koja cripeyasa Lumpere TOH3uUnapHe
NHeKumje.

OBaj HeNOTNyHN OMOTau Larbe HacTaBke - cenTe Y JIMMJHO TKMBO
aenehu ToH3uny Ha Behn 6poj HenoTnyHMX fobynyca.

Cnorba o Karncyrne Haljia3e Ceé MYKO3He nibyBa4dHe Xne3ae.

Y nymeH KpunTun oTnagajy AeckBamupaHe enutenHe henuje, nuMmqgounTu,
mMakpodbaru n baktepuje, WTo 300r crnabe gpeHaxe Moxe dUTK y3pok
ynarie KpajHuKa v HenpujaTHor 3agaxa.



XpopenHu KpajHUK (tonsilla pharyngea)

XKOopenHu KpajHUK CMELUTEH je Ha KPOoBY U 3adH-eM 31May HasogapuHKca.

CacToju ce u3 MHOLUTBA Y3OYy>XHUX Habopa crny3Huue apena, ogerbeHnx
ayboknm yceunma.

OB6noXeH je NnceyaocrnojeBUTUM TpopeaHUM eNUTENOM MHUATPUCAHUM
numdooumMTUMa 1 rpaHynounTma.

Habopwu cny3Huue ncnyweHn cy NMMAQOHUM TKUBOM, Y KOME CYy MPUCYTHHU
NUMQHN PONUKYnNu.

Wcnopn kancyne cMeluTeHe Cy MELLOBUTE XNe3ae Ymjy U3BOAHM KaHanwm
nponase Kpo3 NMmMdHO TKMBO W oTBapajy ce nsmelhy Habopa.



Je3n4yHu KpajHuk (tonsilla lingualis)

Je3anyHun KpajHuK Hanasn ce n3mMehy onwaH4yeHnx nanuna jesvka u
enurroTuca.

CauurseH og Beher 6poja nuHreanHux gonukyna.

[MoBpLUMHaA NUHreanHor onukyna, kKao N keroBa Kpunta, 0brnoXxeHu cy
ns04acTUM CrojeBUTUM enutenom 6e3 opoxxaBaka.

Kpunty okpyxyje nMM@HO TKMBO ca IMMMPHUM YBOopuhmma.
CBaku nuHreanHmn osinkysri OMOTaH je BE3UBHO-TKMBHOM Karcyriom.

OKo Kancyrne CMeLLTEeHe Cy MYKO3He KIe3ie Koje U3nuBajy CeKpeT Yy AHO
KpUNTE UM Ha NOBPLUNHY TOH3WUIE.





