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Abstractin English
language:

The human body can synthesize collagen, and one of the key mo
in that process is the hydroxylatiari the amino acids proline and lysine, f
which vitamin C is necessary. In adults, vitamin C deficiency will dis
collagen synthesis with the consequent development of scurvy. Howevg
consequences of disorders of collagen synthesis caused hyinvia
deficiency during intrauterine fetal development are still poorly underst
Using guinea pigs (Cavia porcelus) as an animal model that is gene
similar to humans in terms of vitamin C synthesis, the influence of pre
deprivation of this tamin on collagen synthesis as well as changes in o
development were investigated.

During the experimentation, females were randomly divided into t
groups: control (K) with seven pregnant females (n = 7), and
experimentalE | (n = 7) andE Il (n = 7). In the control group, femalg
received water enriched with vitamin C throughout the experiment unt
50th day of gestation, while in the | group on the 10th day of gestatid
females received vitamin C, and in tkdl group on the 20th day of gtation.
The experiment was designed so that the deprivation of vitamin C lastEg
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II) and 40 daysH I). For histological analysis, fetuses were subjectetj
transcardiac perfusion fixation followed by tissue sampling (kidney, |
bone, tooth, placenkacerebellar, and cerebellar tissues). Tissues
processed according to standard histological procedure and staine(
immunohistochemical markers. For molecular and biochemical analysis
sacrifice, 100 mg of tissues of interes¢rey sampled andtored at80 C and
stored until further analysis. The molecular analysis included determinin
degree of expression of th€olll, Coll4al, and Slc23alenes, while
biochemical analysis included determining the concentration
hydroxyproline as a quditative measure of collagen content

Prenatal vitamin C deficiency had a very large effect on kid
development. Experimental treatment led to the development of a hypoq
kidney, which is smaller in size and weight compared to the kidneys ¢
control group. The nephrogenic zone is significantly wider in the kidn
fromtheE | andE Il groups, and the analysis of the immunoexpression o
examined markers speaks in favour of delayed maturation. Experin
treatment led to delayed maturationtbé lung parenchyma. According to t
embryological phases of the lungs, up to two phases of developme
lagging behind, which has resulted in a reduction in the share of future
space. Immunoexpression of the examined markers confirms the ialiegy
related to developmental delay. The influence of vitamin C deficiency d
gestation and on the development of skeletal muscles is evident. Ana
the histomorphological characteristics, it was noticed that a large part
muscle fibres in ta E  andE Il groups retained the central localization of
nucleus, which is also larger in diameter, which corresponds to
characteristics of immature myotubes. Immunohistochemical analyzes d
reveal significant differences between the analyzedigs. In guinea pig toot
preparations, the following is registered in vitamird€prived individuals
density and diameter of dental pulp capillaries, the thickness of predentin
dentin layers; there are delays in the process of direct ossificafidhed
alveolar bone, as well as changes in the immunoexpression of the an
markers. Prenatal vitamin C deficiency on the skeletal system of guing
fruits led to a pronounced reduction of the exremities with pre
deformities; histological spetens have shown: drastic lag in enchon
ossification, in the metacarpal bone of the diaphysis and metaphys
cartilaginous islets without signs of ossification, and the interstitial spal
filled with erythrocytes; bone epiphysis is disturbed calamorganization
with a predominance of hypertrophic chondrocytes, while the pro
phalanges are at the level of the cartilaginous model with the initial sig
the formation of the primary ossification centre. Analysis of the amour
hydroxyprolinein the examined tissues showed an increase in the amot
hydroxyproline in samples of kidney, striated muscle, cerebellum, cereb
placenta and heart in grolpl. While in the samples of lungs, bones, tee
cartilage, fruit membranes and smalleatine, a decrease in the amount of
analyzed parameter is observed. In tBell group, higher amounts (
hydroxyproline were registered in samples of the kidney, striated mu
cerebellum and cerebellum, bone, heart, placenta and amniotic sac.
other hand, a decrease in the amount of hydroxyproline was obsery
samples of the lungs, teeth, cartilage, small intestine and spleen. Analy
gene expression shows that prenatal vitamin C deficiency has led
increase in the expression of ti@®ll1 gene in the tooth, cerebellar, a
cerebral samples. BExperimental treatment on kidney, lung and striated r
samples led to a decrease in the degree of expression of the analyze
while no change in expression was found in bone tissue sam@psvation
of vitamin C in cerebellar and bone samples led to an increase in the de
expression of th€oll4algene, while in the lungs the result was a decrea
the degree of expression. Vitamin C deficiency did not lead to changes
expression of theColl4al gene in samples from the kidneys, striated mus
brain, and teeth. Discontinuation of exogenous vitamin C intake d
gestation affectedSIc23al gene expression in the form of increag




expression on almost all analyzed organs n&y Iung, cerebellun
cerebellum, tooth and bone). Only in the samples of the striated musqd
change in the degree of expression of the analysed genes was found.
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mmmmE DOEEAOAT EO DPOIT £#8 AO ) OAT O |TAIDIEHhE EIAGA A
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T ATCOAT E€EATT I DPOEOOODPO 6k MAOE BAIEO O®AOO OAODRADIE
ogleda, kaoE OAOAOET AOOET I OAET E6AOOATNIEOIBD 1dQ@El It
OPOT 01 i ATEO AEOPAOEI AT OAITT1 ¢ AAT A EOOOALEOAI

Dr sci. vet. med. Ral EOO 2AO0AEAOh OEHAI 1T AOéTT 1 OAO!/
OAOAOET AOOOOI n. I OE 3AAQO ddiranjw AkpedidntaldE AT T £
LEOT OET EA AAECGAITERE TIAOTAEEAEOA 11 COcA ODPOI OA

4AET i Ah LAT EI AA  OA UAEOAIEI AO OAES
$APAOOI ATA UA EAI EEOh AET EAI EEG ABAIUAGIBHEDIOC
fakulteta Univerziteta u Novom Sadu T A DI I 1 ¢ E 1 Erdfotofabrijdkin AT E A

merenja i svim korisnim savetima i sugestijama.

: AEOAT T 100 AOCOEAI E DPOI £ AO 3EIOATE 1'1
Mariji Merdar OA + AOAAOA UA AMBephBrhand zg BidoGiju i-ekodgii® ET E A h
Prirodno-matematE é ET C Ahietrite@ A ®ldvom Sadunal AOAAE¢T T DO A I A

znanju, OOODPIT EAT Oh ET 1 ACEE prilikbn [@Kddfanj£PCR @tbratdriell E DT |
OO0i A¢éAT EO AT AEEAT EE OAUOI OAOAS
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1.1. Kolagen
Vezvno EEOT ET OACOEHA APEOAITIT h T EHE¢IT E 1/
organske sisteme), auieAT I  DOOLA DI ObPi OO0 E AAEA &£ 0i O

/] 011 OT E Al Al AT OE OAUEOTIT C OEEOA OO c¢AlI EEA
EOOOAAAI OIl AOTE 1 AOOEEO EA EUCOAi Al EU 10
ETTACATEER Al AO@BeT EE E OAOEEOI AOT EE

+1 1 ACAT DOAAOOAOI EA CiI AOTE OOOOEOOOTE D
osnovu svih vezivninh tkiva.$ I OAAA EA ET A EEéI AT EAEA DIl Ul 4
koji se prema konvenciji | A Advdju:rimskim brojevima (I-XXVIIl), a svaki je
EUCOAi AT  Elho §60CEA Uil £ ¢ BEB b mratak § A B OFKAKRAGAEQ
kolagen otkriven i u fosilnim ostacima dinosaurusaTyrannosaurusa rex starog 68
miliona godina, te se smatra hajstarijim proteinom (3,4).

- AEOAItdKDBE RGUEE HEOT ET E OAGPROTEERA AITEEAIEIAGO K |
da ne postoji organ kojiT A O Adla@end vlakna Mogu se podeliti na fibrilarne
(one koji formiraju vlakanca (fibrile)) i nefibrila rne kolagere. Fibrilarnim
kolagenima pripada oko 90% téesnih kolagena. Od nibrilanri h kolagena pojedini
OA OAOOOLOEO KOQOADDAI GAL&K#AWB EIT 1 ACATEQ bC
U Tabeli 1 opisana je detaljna podela, genomska lokalizacija i tkivha distribucija do

sada poznatih tipova kolagend5).
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Tabela 1. Tipovi kolagena, lokalizacija u genomu i njihova distribucija u
tkivima

Tip Molekularni sastav Lokalizacijau genomu Tkivna distribucija

Fibrilarnikolageni

FLpi) QYcyci , COL1A1 (17021.32q22) kost, derm, tetive, ligameni,
" COL1A2 (7q22.1) Ol L1 EAeA
hrskavica, staklaasto telo ,
EEéI AT E DPOHI E/
EILAR UEA EOO]
1] F1pPt))) qYyoc COL3A1(2g31) OAOGEEOI AOT A O]
jetra, slezina

[ FLpi)) QYo COL2A1 (12q13.17q13.2)

COL5A1 (9934.2034.3)

V Bl 6g AR _OLLTEA
v L1 pi 6Qh4 cj 6Qq COL5A2(2g31) i Ol EAER OAOOL,
COL5A3 (19p13.2) !
COL11A1 (1p21)
XI 1Pt 8) Qg c¢i 8)  COL11A2 (6p21.3) hrskavica, staklasto telo
COL11A3=COL2A1
Kolageni bazalne membrane
COL4A1 (13g34)
COL4A2 (13g34)
COL4A32q367G37)
v FLpt)6AaAYcy 9j bazalne membrane
COL4A4 (293§q37)
COLA4AS (X(22.3)
COL4A6 (Xp22.3)
Mikrofibrilarni kolageni
COL6AL (21g22.3) HEOIT E OAODOI
Vi Lpi6)Qafifcis’ COL6A2 (2122.3) dermis, hrskavica, placenta,

bl 6¢c Ah EOOT E «
COLG6A3 (2937) i Ai OPOHI EAT OE T
ET LAQh /Adpdérmalna |

VI fF1p} 6)) QYo COL7A1 (3p21.3) COAT EAAN T OAI i
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Tabela 1. Tipovi kolagena, lokalizacija u genomu i njihova distribucija u tkivima

(nastavak)

Tip  Molekularnisastav Lokalizacijau genomu

Tkiv na distribucija

+T 1T ACATE ET EE £ Oi EOAEO

i OALA

COLS8A1 (3¢12q13.1)

Vil 4 pf 6))) 4Yg
COL8A2 (1p34.3p32.3)

X fL0j 8QYo COL10A1 (6G2%022.3)

AT AT OATTA ¢A

Descemetova membrana

hipertrofisala hrskavica

FACIT kolageni

COL9AL1 (6q13)

IX 1pi)8QdLci ) 8
COL9A2 (1p3%p32.2)

hrskaviAcaL vjtreogs humor,
Ol LT EAéA

perihondrium, ligamenti,

XII fF1pj 8)) Q'COLI2A1(6012q13) tetive
derm, tetive, zid kivnih
X1V fF1lpj 8) 6Q*COL9AL(8023) OOAT OAh Pl AA
jetra
XIX f ] p} 8) 8 q°TCOL19AL1 (60g1Z2ql4) rabdomiosarkom
ET OTAAITTE AD
XX Flpj 88QqY« embriona, hrskavica
sternuma, tetiva
XXI F 1 p}i 88) q'COL21A1 (6p12.311.2) zid krvnih sudova
Transmembranski kolageni
epiderm, folikul dlake‘, 3
Xl Flpf 8))) ¢ COL13A1 (10922) endomizijum, crevo,p O¢
jetra
- dermalnozepidermalna
XVII FLpPpj 86)) COL17A1 (10024.3) granica
Multipleksini
: AEAOT Al AOOEN
XV fF 1 pj 86 QY (COLI5AL (992%q22) Al EEAR AGAO
. N fibroblasti, amnion,
XVI F1p} 86)Q COL16A1 (1p34) keratinociti
XVIII f 1 PMIIE3 COL18A1 (21g22.3) BI O¢ Ah EAOOA

Preuzeto i modifikovano iz: Gelse K, Pdschl E, Aigner T. Collageuosture, function, and

biosynthesis. Adv Drug Deliv Rev. 2003 Nov 28;55(12):15681
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1.1.2. Biosinteza kolagena

+1 A 1T EOAE 1 AEOBL GAGRAHO EAH AMTIAAIAA@MOE | AAA (

I OOAT A1 AOOEh EIT 1T AOI A1 AGOEh 1T A1T1 01 Al AOGBEh O

I EHEc¢ 1 Aza gifdziE EolAgena, koja se odvija u ribozomima (granuliranom

AEOT Bl AUl AOOET i OA OE Enédpl®diinbsq askorbindkd kiselita i AD A OA C
bakar (1).
Naime,OT OOAO ¢AI EEA 1T AETT OOAT Ol AAEEA ET &l Ol

granuliranog endoplazmaskog retikuluma (GER nastaju dve vrste alfa lanacay(l i

12 lanaci). Ovi peptidni lanci (poznati kao prepr&c | | ACAT @ 1T 01 1T AAi AEO C
GCRAh 1T AETT ¢éACA AT 1 AUE Al EEAOI EOEI AAEEA |

neodhodan je vitamin C, koji kao kofaktor, zajedno sa enzimima prol-

hidroksilaza i lizil hidrokilaza indukuje celu reakciju. U toku ove rakcije za zamenu

vodonika (H) sa hidroksilnom grupom ¢/ ( COODI | sg podedani nislEkul

vitamina C.Prokolagena nastaje u GCR spajanjem dva alfal lanca i jednog alfa2

lanca. Nakon spajanja alfa lanaca prokoagemutem egzocitoze biva sekretovan

iUOAT ¢cAl EEA CAA Pl A ARAEOCOOT i POl ET 1 ACAT

OO0i PT ET 1 ACAT A8 6EHA 111 AEOI A OO1T BT ETI ACAT A
lizina i hidroksilizina (tzv. aldolnom reakcijom), formiraju kolagene fibrile, dok

Oi OALAOGAT EAIT (fbBl&nkstaltikdlageGalviakn& (34, 6,7) (Sika 1).
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jedro

infron |

1) ey 00 e I gen kolagena
t wanskripcija

PN\ N\Nasa/\ gy  pre-mBRNA

L postranskripciona modifikacija
B @A\ Ann—-AAAAA T MRNA

granulirani endoplazmatska retikulum

3\ prokolagena
VEN ¥ _Goldzijev apart

I 4 .
N - -
», | =
NiCdomen ] < f -
molkula . 3 : / g * v
1wy

kolagena W s

B2 P
molekul //,)
kolagena

kovalentno

vezivanie | ':':::‘ ’:' N : / "[.\ "
3 ) ii v ‘. “‘I {’ .
i I

DOEEAU AED®ETAGKEA OCBTAOMAEAT Al
&1 O EOATEA E2.+ O EAAOO ¢cAIlEEAN ¢8 )1 EAEOAI
kolagena; 4 Hidroksikcija prolina i lizina; 5. Glikolizacija hidrokilizil rezidua u GCR; 6.

Formiranje trostrukog heliksa prokolagena; 7. Stabilizacija trostrukog heliksa

Ei Ol EOAT EAI OT ATTEéTEE E AEOOI ZEAT EE OAUA EI
molekula prokolage’A O ' T 1 ALEEAO ADPAOAON w8 O0AET OAI
sekretorne vezikule; 10. Pomeranje vezikula ka citoplazmatskoj membrani; 11.
Egzocitoza molekula prokolagena; 2. Digestija N i G domena prokolagenog heliksa

13. Polimerizacija molekula kolagenau kolagera viakna ET OAT AT O1 Ei 140EOHOAI
Inkorporacija drugih kolagena (npr. FACIT) unutar kadgenog vlakna (Preuzeto i
modifikovano iz: Ross MH, Pawlina W. Histology: A Text and Atlas with correlated cell and
molecular biology. 7th ed. Lippincott, Wams and Wilkins: Baltimore, 2016: p. 164
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1.1.3. Struktura kolagena

/A pwouvs8 Ci AET A UAEOAI EOEOG¢E 1T AOI EATEI E
OAOAAT EEAh OOOOi ATA EA OOOOEOOOA EI 1T AGAT A EI

i pi 1 EDADOEAI(Shka ) OIAATIARAI OO ADIIECO E T A OAE 1A

trostr uki desnogiri heliks (8-10).

Slika2.2 AUl E€EEOE DOEEAUE OOI APk Eilpgipeitidnh EEOA E
I ATAAA O AOOATTER 1 EOAE¢AOOIE E LOOIE AT EET
UAT ATEE HOAPEGAQ ET EEA DI AUGEEERAIUI BB AD G BEAI A
merdevina (paralelnih na osu heliksa).(Preuzetoi modifikovano iz: Bella J Collagen
structure: new tricks from a very old dogBiochem J2016;473(8):100125))

Svaki od ovihj lanaca se sastojpd DT T AOAI EAEOCcEE OAEOAT AE Al
tripeptida GlicinX-Y (Gly-x-Y)8 £01 UAT éE AA EA OOAEA OOAcA
(Gly), a dase 01 OOAO OAEOAT AA T A 1 AOOE,jod178rugh, 9 11 L
aminnokiselina. Kako bi se osigurala stabilnost trostrukog heliksaneophodno je, da se

sa udelom od 20% na preostalim mestima nalaz imino aminokiseline (npr. prolin).

7


https://www.ncbi.nlm.nih.gov/pubmed/?term=Bella%20J%5BAuthor%5D&cauthor=true&cauthor_uid=27060106
https://www.ncbi.nlm.nih.gov/pubmed/?term=10.1042%2FBJ20151169
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Hidroksiprolin (Hyp) iprolinj 0 0T @ OO AI ET 1T EEOAT ET A ET EA 00
kolagena8 5 OT EO OET OAUA 007 OA 14QiA ERC AW BEO'E EEO
postransalcionom hidroksilacijom Pro na Y poziciji i za rezultut daje nastanak Hyp.
Najstabilnija, A OEAATT E 1T AEéAHéA Al ETT EEQyAPEl OEA O
(11-13).

Pod svetlosnim mikroskopm ET 1 ACAT OA O ¢ AOA O -10EAO Ol

s A N s oA o~

mikrona, koji se spajaju sa susednim snopovimaOi O AOOAEOc¢ped EIT 1 AC
rasporeda mokkula kolagena unutar kolagenog vlakna. Ovimolekulis&§ OL ET A onm 11

debljine 1,5 nrm (14).

Kolageni su najrasprostranjeniji proteini u ljudskom organizmutako dapreko
35% proteina ljudskog tela zauzima kolagen+ 1 1 ACAT OA & OAI EET E E|
EOOEAOEAEN OAOEOAI Ah 1 ECAI AT OEI Anh Eil OOEI A
OOAT OEI A& Wkafdertinu zuba (3,7, 15). Najzastupljeniji kolageni, sa udelom
od oko 80-90% od ukupnog kolagena, su tip I, II, lll i IV. Tip | kolagena se nalazi
T AEOGEAA O EiT OOEi Ah OAOGEOAI Ah 1 ECAI AT OEiI Ah 7
lokalizovan u hrskavici, staklastom telu okanucleus pulposu® DOHI EAT T OAh A«
EIl LEh UEAO EOOI EE OOAT OA E OAOEEOI AOTEI OI,
(5).

+i1TACAT )6 OA Oi AGOA AOI 1 OOEOTT ,RAEOOAD
filogenetska distE AOAEEA OOCAOEOAA AA Ei1ACAT )6 EC

2 A £ s 2N

OOOOEODOOA lafhid hidogeR) perleddd i drugi(17,18)8 5 Ei 1 ACAT O OED

8
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L AN A s AL~ N A~ o~ .-

E EIi AEO Ol Eél O -70%0Adogid cadivou Briinskdseli®aE O¢ E v T

p

1Al

p>]

, ATAE 1 p E ¢ OOEMDOEE HIPEOAT ErlBADSMIOA 1 AT A

svim bazalnim membranama, dk 0sOAT E 1 AT AE EI AEO 1T COAT EéAT O

OA jJoh jyt E jJu 1TATAE 117¢O OiT éEOE O AAUAITEI
CiTiAOOI AOTTE AAUAITTE TAIAOATE O AOGAOACOTF
AAUATTEI 1Al AQAAQERAE EildgdhEe2d). E AOAO

Bazalna membrana predstavlja sloj ekstracelularnog matriksa koji je umetnut
EUi AT O AOA OOOOA OEEOA E O OAUEOIT¢ OEEOA
mikroskopskom nivou opisana su tri sloja (lamine) koji se mogu razlikovati kod
bazdne membrane ato su: lamina lucida lamina densai reticularna lamina (1).
"AUATTA T AT AOAT A O1I OLE EAT DBl ObT OA APEOAITE
ET EE AT UOIT 1 EAOGA DPOITTAU 11T1AEOGIEIA T AOAiI ATE
Pored navedenogOA C Ol EHA praliferachu] diférehéijaiju kao i migraciju
APEOAITEE ¢AIEEA EAEI O DPAOET AGRBIBAOET T AT T

1.1.4. Deqgradacija kolagena

Matriks metaloproteinaze (MMP) su endopeptidazezavisne od cinkgaOET EOé AT A
ubrojne EEUET 1 T HEA E DPAOT 1 1T HEDe AR QN ADROO A A0\ a TEABEA TURDL
migraciju, proliferaciju, angiogenezu, zarastanje ranaimplantaciju. Danas je poznato
DPOAET ¢m OOOOA | OEdegrailhciukdmponendtadieRstradcelufaihogU A
matriksa. Enzimi MMR1, MMR8 i MMPp o OO UAAOLATE UA AACOAAAA
[, dok je kolagen IV supstrat za enzime MMR i MMP-9 (27, 28).

115501 i ATA E OOCA¢AT A AT 1 AGOE OAUEOIT C OEE(

z A N o~ s

funkcije u T A H Arbnizmu, a njihov UT A éeddledai u HE O $pékiru bolesti koje
9



Doktorska disertacija - E1 AT ouvbb OEc¢

nastaju usled abnormalnosti pojedinih tipova kolagena Danas je poznato oko 40
genetskih bolesti koje su uzrokovane mutacijom genaU A A O L. A birieZu kdJa§ena
| OA CAT AOOEA AT 1 AOOE AT 01T AA Al bDi OAi A¢cAEA O

milione ljudi. Neke od njih su predstavljene urabeli 2 (4, 16).

10
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Tabela 2. Bolesti povezane sa mutacijom gena za sintezu kolagena*

GEN BOLEST
COL1Al1 Osteogenesis imperfecta
COL1A2 EhlersgDanlos syndrome
COL2A1 Spondyloepiphyseal dysplasiaSpondyloepimetaphyseal dysplasia,
Achondrogenesis, hypochondrogenesj&niest dysplasia Stickler syndrome
COL3A1 EhlerszDanlos syndrome
COL4A1 Familial porencephaly, Hereditary angiopathy with nephropathy, aneurysms
and muscle cramps syndrome
COL4A3 Alport syndrome
COL4A4 Benign familial haematuria
COL4A5 Alport syndrome
COL4A6 Leiomyomatosis
COL5A1
COLEAD EhlerszDanlos syndrome
COL6Al Bethlem myopathy
COLB6A2
Ullrich congenital muscular dystrophy
COLG6A3
COL7A1 Dystrophic epidermolysis bullosa
COL8A2 Corneal endothelial dystrophies
COL9A1 _ _ _
COL9A Multiple epiphyseal dysplasia
COL9A3 Multiple epiphyseal dysplasiaAutosomal recessive Stkler syndrome
COL10A1 Schmid metaphyseal chondrodysplasia
COL11A2
Stickler syndrome, Marshall syndrome tospondylomegaepiphyseal dysplasia
COL11A1 Stickler syndrome, Marshall syndrome
COL17A1 Junctional epidermolysis bullosaother
COL18A1 Knobloch syndrome

*Preuzeto i modifikovano iz: RicardBlum S. The collagen family. Cold Spring
Harb Perspect Biol. 2011;3(1):a004978.

11
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1.1.6. Skorbut

, EOAOEE 1 OCAT EUAI Ei A ObPI O ATT 60 OET OAU.
momenata u njegovoj sintezi jeste proes hidroksilacije aminokiselina prolina i lizina za
ETEO EA 1TAT PETI AAT OEOAIET #8 5 1 AOAOITE AT
OET OAUA EI 1 ACAT A OA bDi O298AEETEI OAUOT EAI OEI
3ET OAOO POAAOOAOI EA EIsSEREédE®dodhakh vikanind ET EE
C i danassesmatra jednom od najstarijih bolestipoznatoj u ljudskoj istoriji. O skorbutu
00 DPOOE UA P E @EEb®tOvorh dapirddu ES5E dobline pre nove ere. Pored
I PEOA AT 1 AOOCE T Ai AT viehkoizunPAQABRODOOHEANA GO ADIODI /
danas zna da su bogati vitaminom C3@). PosebrmDALT EA 1 O OA DI EI AT E
putovanjal T OAPT T OAAA O puvu8 E poe8 OAEO8 . A 0OOi EE
periodu 1460 7 1469 godine, portugalski moreplovac Vaskode AT A DOEI AseOEA AA
pojedini putnici razboleli, a bolest se manifestovala u vidu otoka ruku, nogu i desni i
POl 1 AUET A EA TAEITT Al AEeAT EAT OOALTé#ajeUAI EEA
opisujukaon, AT AT AOE Adnglicukse &f thA Adth Dprokletsvo usta (33,34).
) Ul Ai (8.pepat PEOAT E OO AOT ETE O1I O6AEAOE 1 OA
i T FEAEO " OEOAT OEA +OAI EAOOEA -1 01 AOEAAQ EA
OET OAOOA8 , ET A EAh ¢ 1 RA AdjaE1A47.1gddiaddT EDABADHAAIT
izl A é Bbolegnika saO E b E géntpterhima skorbutaE Ol EéT 1T 1 OALET T 1 Al
njegove studije deset od njidvanaestje svaki dan u periodu oddve nedelje dobijalo: 1l
EAAOQET OA é Bx pd 25Akéyi dliksira vitriol i pola litra morske vode. Preosta 2
Ol O6AEA OO OOAEE AAT OIEI T HAOO AAT Ah AT AEE/

1 EEl 1 EEA jekddimdréadaliziirugh brigpeOT é AITTAT 1 E3FAT EA
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Danas se deficitom C vitamina smatra serumska koncetija manja od 11,4
umol/l . Frevalenca ovog obolienja u svetue OA Ul EABGBAA EEWI Ai Gloxhpb (
73,9% u predelima severne Indije. Kao faktori rizika za nastanak deficijencijgavode se
Op1T OOAAA Al ET ET T A E AECiA OsbidoiekonomékisttEs3B8)] 1 h EAI

+1 ETEEEA 1 A1l EAOOAAEEA 1T OA AT 1 AOOE AAOEOA
deficijencije. Prvi simptomi u vidu umora i letargiel AEéT 1T OA EAOATEO 1A
TAAATEA T A PT ¢éAOEA Of, febteshipric @1 &1 IAOA T OEDAI
I DPAOT I OGlakn dndtiskouta su hemoragijske manifestacije vidu krvarenja,
purpure, petehijg,ET EA T AOOAEO UAT C Inakédnnikaldhdraum@ O1 EE G
EAT E T OALATT BWAOAOOAT EA OAT A

Oticanje i crvenio AAOTE OO EAAAT T A EAOAEOAOEOOQEE¢
znakova. Vremenom desni promene boju i pojavljuju se dcacije koje krvare.

PR PRI N

rezultat je ispadanje zutah T Ao@hirésE j@dnim korenom(38).

4AET i A ajwdubpéigsina krvarenja kao i smargna osteoblastnaaktivnost.
£ Cdovodi do usporenog stvaranja osteoidaa kao rezultat toga kod obolelih pacijenata
T AOGOAEA E 1 OOAT PATEEA8 31 ARAERT EA L ET WAAICE K
nastankom metafiznih fraktura (39).

Promene na zglobovima u sklopu skorbuta se kod obolelih manifestuju
hemohromatozom, oteklim i bolnim zglobovima/ OEI D©OT I AT AHON O8O AlAIOd Té
zglobovi donjih ekstermiteta i to: zglob kuka, kd AT A EAT E OEIT é1T E UCITA
AT 1T AUE AT HADPAT EAME42). Ai 1 cOc¢ci 1 OOE EIT AA

U eksperimentalnim studijama kod fetusa ul é A Je loticanje kostohondralnog

spoja, € A GbAeriostnakrvarenja, kao i odvajanje epifizne hrskavice od spongiozena
13
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kostima rebara i udova. U mikroskopkom nalazuE A O $néadleh broj osteoblastasa

neregularnim osteonima (43).

$00CA EIEITEéEA 1 AT EAEAAOOAAEEA 06 O OEAOD
LAT OET ¢ Csitenta,(kdoli tetelralna krvarenja5 1 é AOAEOT ODAT £ T A EI
tela u vidu alopecije iOOOAOAT EA Al AE A ojda plymend intidzk kd6é A B A h

folikularne hiperkeratoze.

lako se danas u modernom svetwskorbut pojavljuje relativno retko postoje

z . A X -

30% odrasle populacije u SARUT A O1T 1T OA DPOADPI OO0eAT A AT AOT A
OOAOEEA 1 01 AAh | OHEAOAE akdhddeEi deck @dla sOAd Eh U
OAOOOEEOEOTI Ei AEEAOAIT A EIi AEO OOAEI ETEEEE 1 Al
(42, 44).

PerosOODI Al AT OAAEEA OE OAd/dar tdkdm d¥e nédleljigsmatrg é ET E 1

OA Oi AE¢AEAT EI OOAOI AT T i EOET@AODA®D #dO0AQAHI
bi AT 1 EHATEA EA OEAIEEOT T1TAEIT ¢ TAAAIEA8 0OI
OEAO bl OAcAT A ETTUOI AAEEA OAcEE EITEéET A OI

bolest (42).

14
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Doktorska disertacija

1.2. VITAMIN C

1.2.1 & E U Ehénkijéke osobine vitamina C

Vitamin C je kristalna, bezbojna supstanca kiselog ukusa, molarne mase 176 g/mol
I gustine 1.694 g/cn®. Prema IUPAC nomenklaturi nosi naziv askorbinska kiselina, a

predstavija (R)-3,4- dihidroksi-5-((S)- 1,2-dihidroksietil)furan -2(5N)-on (Sika 3) (45).

-
W,

- 2D prikaz (Preuzetouz modifikaciju sa:

Slika 3. Strukturna formula vitamina C
https://pubchem.ncbi.nim.nih.gov/icompound/54670067#section=2Btructure)

, AET OA OAOOOAOA O OIT AE E 1 AOGATIvags [/ ODI
EOOAT EAR T EOEAAAEEA E AAIT T OAT EA Aldikus 5 D
AOET OAET OEA EEOAIT ET A8 |/ OAE T AT EE EA AEIT 11T AE]

J#8 +Al AT AAO DPOEOIitd ATl EUC
15
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HEPAEh BDAOHOT h DPADPOEEAh OEAEUI A E AOOCAQh
bl OAET A j OAT AcA E CI Wi A EAOOAh T OOOECAh AAE

1.2.2.1zolovanje i sinteza vitamina C

-117 ¢ ¢i AETA DPOA 1T OEOE¢A OEOAIEITA # bDOO
skcrOAOOA EUOAAAT EA T A UAIT OAEI A AlelHolaOOAT A A
Theodor FrolichA 8 ) O bdrilief E® gvEca, upotrebom zamorca kao animalnog
modela, uvideli su da se kod njih primenom iste hrane koja je izazvaleeriberi razvila
sasvi AOOCA¢éEEA EIETE¢EA Ol EEA8 "EI EA Ol OEI
I OA Ai 1 AOGOE ETEA OA Al OAAA OA¢ OOAOAIT A ET.
oboljenja nedostatak neke bitne supstancijel Ai OOEI OAE O DPAOEI AO T A
godi A O OOT EEI 1 AOI EATEI EOOOALEOAT Aueit A 1 Ai A
SzentGyorgytem i tim Glena Kinga u Pitsburgu su u izolovali vitamin C. Tada je ova
EUT T T OATA OOPOOAT AA 1T AUOAT A EAEOOOI 1T OEA EEO
antiskorbutE é 11 ¢ AAT T OAT EA AT AEEA T4AUEO AOEIT OAET EC

6 EOAIET # OA EI A LEOEE AEc¢A 11T LA OEI OAOE
+ OAOAE OEIT OA OFeHiaskonbaieA DEIOAAETEEIUUAR AEI EEA OEO/
iz gvanozin difosfat manoze(GDRD-I AT T UAQh AT E OA ET A L-EOI OEI
difosfoglukuronata (UDR D-glukuronata, Slika4) (48-51)

. A POEEAUAT E 1 AeéntioO EIECAMOEAA #EUOACT OET UA O
-Ai OOEI 1 EOAEh Al OOT1 BT EAT Hpticabi Qifial sh @®lhicijod Al T OAE

izgubile sposobnost sinteze vitamina @e novo(Sika 5) (31, 30).
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(0]
D - glukoza-1- fosfat UDP - D - glukoza 4
o o b
“le . 0. O—bp—Bg ®
Ho/m | | OH
OH OH HO
HO OH
NAD'
OH
2
D - glukuronat NADH

H
0
H_%_OH UDP  H,0 UDP - D - glukuronat
} { HO =N\ _-0
HO—C—H 0 o z S '/\f
H—g—0H 3 SO N NH
H—C—0H gy " %d ° \”/
i s o

Co0 HO OH
NADPH
4
NADP®
L - gulonat L - gulono - 1,4 - lakton L - askorbinska kiselina
CH;OH CHOH CHOH
H—C—oH H—C—OH s H—C—Om
HO—C—H H:0 c—H e C—H

| f | | E f |
H—C—0H H—C—0H C—0H

| o | ) I
H_LI:_OH 5 |H—?—0H 6 | (.;—ON

o c=0 c=0

Coo

7| NAD' Sintetski put vitamina C

CHOH
H—C—OH
M(J—ll‘.—u
o=C : ;
I Ciklus pentoza
HE—OH

coo
3-Keto-L-gulonate

Slika 48 0 OEEAU AEI EAIEEOEiI I bDOOA O&1 OAUEAOEC
DOAAOGOAOGI EAEO Ol A-gukeedAirofdstoriaial (Ba, 2.7/ 8), 25 §OP
glukoza dehidrogenaza (EC 1.1.1.22), 3. URjRikuronidaza (EC 3.2.1.31), 4. Glukoronat
reduktaza (EC 1.1.1.19), 5. Glukonolaktonaza (EC 3.1.1.17), @ulonolakton oksidaza
(GLO, EC 1.1.3.8) (Preuzeto iz:
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3145266/#RJ).
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Slon
Pas
Macka
Krava
Ovca
Svinja
Konj

Zec
Mis
Pacov

Veverica
Galago
Lemur

Sika 58 -1 COci i 00 OET OAUA OEOABDOAT #i PIEAE AT
Ol AT OE EI EE EI AEO 11 ¢cO¢gli OO OET OAUA OEOAI ET ¢
koji su tu sposobnost izgubili Preuzeto i modifikovano izPrasad AB, Allard MW, Green

ED. Confirmingthe phylogeny of mammals by use of large comparative sequence data
sets.Mol. Biol. Evol2008;25:17951808)

18



Doktorska disertacija - E1 AT ouvbb OEc¢

Kao razlog tome u literaturi se navode promene u skevenci gena Za
gulonolakton-oksidazu (Gulo gena, engl.Gulono lactone oxidaséGLQ), enzima koji je
neophodan za sintezu Zketo-L-gulonolaktona (prekursora vitamina C). Nishikimi i
OAOAAT EAE OO O OOi EEIi EOOOALEOAT EEI A Al HIE |
DOEIi AOA E UAIT OAAA bl OGIOEAT OREOAT AAEICAT BATOC
mutacija, one ne kodiraju sintezu funkonalnog enzima. Naime,GLO gen kod
antropoidnih primata je izgubio sedam od dvanaest egzona, dok je u genu zamoraca
EUAOEOAT DPOOE E DHPAOE A @Qikd 6)hRaztod nastabka AvAkvih HA O OT
mutagenih promena u sekvenciGLOgena, kod pomenuti OOOOAR AT OAAA 1 EE
(29, 52, 53. Na osnovu navedenih podatak AT HI T  OA AT UAEbkdfa@éEA A/

svog opstankal T OAEO EOATT i1 O11 OOE AAARAEOAOT A EIT Il E¢EE
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Antropodni primati

1
LN

Zamorac

10 11 12

1 2 3 B 5 6 7 8 9 10 11 12

Slika 6. £EAl AOOEE DOEEAU OOOOEOOOA ', /taCAT A EI
zamorca. Crni pravougaonici predstavljaju egzone koji se i dalje nalaze u genu, dok su
AAT Ei DPOAOI OCAI TEAEI A OA T UTAETIT 8 1T UTAéTE

(Preuzeto i modofokovano iDrouin G GodinJR PagéB. The genetics of vitamin C loss in
vertebrates.Curr Genomics2011;12(5):37%8)

20


https://www.ncbi.nlm.nih.gov/pubmed/?term=Drouin%20G%5BAuthor%5D&cauthor=true&cauthor_uid=22294879
https://www.ncbi.nlm.nih.gov/pubmed/?term=Godin%20JR%5BAuthor%5D&cauthor=true&cauthor_uid=22294879
https://www.ncbi.nlm.nih.gov/pubmed/?term=Pag%26%23x000e9%3B%20B%5BAuthor%5D&cauthor=true&cauthor_uid=22294879
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3145266/

Doktorska disertacija - E1 AT ouvbb OEc¢

1.2.3. Apsorpcija, metabolizam i eksrecija vitamina C

+1 A ¢CI T AAOA ETEE Ei AEO ODPI O1T AT T OO OET OAUA
OEOAT ET A OA T AOGEEA O AOAOGEI A E DAOEOI A EAS
zavisni od unosa vitamina C hranom, apsorpcija je posredovamatrijum zavisnim
AEOEOT Ei OOAT OPT 00T i 8 -AOOI ADPOI OPAEEA OEOAI
(5408 ! POI OPAEEA OA OOHE DPOAET Cl EEI DPOT OAET O
opisana na apikalanom i bazalnom polenterocita (55).

Studije su pokaale da se transport vitamina C krozenterocite odvija preko
SVCT1 (SLC23A1) i SVCT2 (SLC23A1) transportemddk se mehanizam tranporta
vitamina C iz krvi u centralni nervni sistem razlkuje. Kako askorbinska kiselinanema
iTCcO¢clT T 00 POI-indkakBAOEBDAOOEOD AT AT OAIT A ¢Al EE/
receptore SVCT1 i SVCT2 transport vitamina C se odvija preko GLUT1 receptora.
I AT T OT 1 AOET OAET OEA EEOAIET Ah O OEEOITI i
dehidroaskorbinsku kiselinu (DHA. Ovako nastalu okslovanu formu GLUT1

receptori prenose, a zatim se u nervnom tkivu, posredstvonDHA reduktaze,

rekonvertuje u askorbinsku kiselinu (Sika 7) (56).
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Endotelna celija Endotelna celija

apikalni bazo-lateralni
pol pol krv mozak

2Na* DHA
Asc” l
Asc*

Slika 78 £Ai AOOEE DOEEAU OOAT OPi AOwnspdE OAT ET A
OEOQOAT ET A # EOIT Ureddb it SDAT; B) GanspdtiDBARSsIdBVEN® forme
vitamina C (Preuzeto iz: Friedman PA, Zeidel MWictory at C.Nat Med. 1999

Jun;5(6):62061.)

5 Al OAAAHAT ET E 1 E O Apivanddnénalddezd itdntina O &da A A
zamorca iznosi 1630 mg/kg, dok su zn®1T 1T OAc¢A ET 1 AAT OOAAEEA 1T A
pi OOAAT A O OOAT EEI A EAT HOI 00 O0006ATT ¢A E
AFAEOI OE EAT HOT 006d bHilh OOAOT OOh ETIEEET A
AT EAT EAh OAOOLAT A Ai DEODECEBARAEOOBEDEAAT RBDL
EUOALATT OO OEI BOI hakc @)AAT OOAOEA OEOAI E

+T A 1 EOAE DOADPI OO¢eATE AT AOTE O11 0 OEOAI ET
Cil AET AT A DPOADPT O0OeAT A EITAAT OOAAEEA O1160
DAOET AOL-&EUCRABT A LEOTI OAh DPA Al xuv 1 C UA LAT/

pw CITAET A PA Al EOAEA LEOI OA8 5 OOAEITI LEOI C
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TATPET ATT AA OBB&AS$SRO

~ x e

EEAREPPEEAU DPOADPI 00¢éA
vitaminom C predstvljen je uTabeli 3.

Tabela38 0OADPT OO¢ AT E AT AOTE O11 O OEOAI

STAROSNA DOE Y2%. 3 +) - 5£+)
(godine) mg/dan mg/dan
1-3 15 15
4-8 25 25
9-13 45 45
14-18 65 75
19-30 75 90
31-50 75 90
51-70 75 90
>70 75 90

Vitamin C je hidrosolubilna suptanca, njegova koncentracija u plazmi je strogo
ET T 0011 EOATA AOAOCALTTI AEOEOAAEET I 8 . AEI Anh |
se filtrira u glomerulima bubrega potom ponovo biva apsorbovana u proksimalnim
tubulima preko SVCT1ransportera (transportera vitamina C). Kod ljudi doza na kojoj je
OAADPOT OPAEEA OEOAI ET A-160 m@dad) @ak Br@aAll IAE &Rl A UA TAR A

Ol AOGA O OEHEO AEOAABHBOAI 11T EOA¢A EUI
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1.2.4. Uloge vitamina C

Danas su dokazane mnogobrojne uloge vitamina C. Jadad uloga koje ima je
Ol T CA ET ZAEOT OA 1T AT PET ATT C UA A&O1T EAET T EOAT E/
u procesima biosinteze kolagena kao neophodan kofaktor za tri enzima (proHl-
hidroksilazu, prolil-3-EEAOT EOEI AUOh | EUET EtbsiagjioEl AUOQ
prolil i lizil rezidua (60). Sintezu LEAOT EOET A OOHA AT UEI E OOEI A«
gamabutirobetainska hidroksilaza, a za njihovo funkcionisanje neophodni su
AOET OAET OEA EEOAI EIT A0, @). Wdintedikdndetzipdbgami@@l L i A j
1T OAPET AEZOET OEOAIT ET # 0OéAOO0OOpmdhoksighriazuAT 11 O
(60).

6 EQAI E1 # 11 AEAAOA AT OAOAhhdnfem @O6DL OAMAREEOD
O AOOOOEA E O OEIT OAUE ET OOEUIT T A E EAOAETI
redukovane foOI A Al Al AT A @Gdlen,Bldvo, kddrijum i Qikd (60 61).

5 [ AOGAATTEUI O EEOOAIEI A OEOAIET # EA UAE
POl AAOA ET EEAEAEEA 1 011 AAi ATEA EEOOAI ET A E/
bl AT T EAAT EA EiI 011 ¢ BAAGK BEOTROON AN AT &G EIAG £A O
neutrofila, kao i podukciju antitela IgG i IgM klaseq0q8 ) OOOALEOAT EA OO |
ET A DPOAEI AAA O OODPI Al A1 OAAEEA OEOATET A #
odrasliih i za 13% kod dece.
Randomizirane studje su pokazale da vitamin C smanjuje seropozitivhost i

DOT COAOEEO AOOI £ZEEA LAl OAAH.pyloAinfadiomEBORT AOA O
Ol PEEAITT A APl EEAAEEA OEOAIET A # Al O AE Al Ol

ET LTEE DOI i AT A Hdrps sihplekitgndnh idfebdjom@eR-64).
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6 EOAIET # EA O1TALAT AT AET EOEAAT 08 01 A A
potentno redukciono sredstvo koje se efikasno vezuje za slobodne radikale (koji su
proizvod noOi AT T T ¢ 1T AOAAT liBakeE $nv@ra fabd rehkivai Gddikal

akorbinske kisline (engl. ascorbyl radica8 /[ OA OAAEAEEA @d&zal A EU

AROT AT A ¢HAGBEEA jomh o
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1.3. Zamorac

Zamorac (Cavia porcellus s. apergaili
morsko prase Slika 8) spada u glodare koji i7"

zajedno sa kapparama pripadaju familiji ' \ ‘
Caviidae.: AT ¢ ¢éAOOA ODPT OOAAA ‘ O 1 A0GeéT EI
EOOOALEOAT EEI A (Apoda& | QUAM‘OAA@
sinonim za eksperimentalni subjekt 67). Prvi

. .;,t! ‘?ﬂ»““\

>

put su pripitomljeni pre 3 000 godina od

strane Indijanaca u Peruu. Prvobitno su im Slika 8. Albino zamorac

Ol OLEI E EAE EMDOAT AOOOGAT A LEOI OETEA O
toku verskih rituala (68). H 1 AT i ATE EE AT 1T OA T A OIT %OOT PA

Zbog svog blaggtemperamenta zamorac se u eksperimeiit A ET OEOOE OEHA
Cil AET A8 S5EAATT OO E DPOOA LEOI OksbkrEgkorE #anfd OO 0OA |
(axenetic statg (6908 - Ai OOEI O b1 O1I AAT EEI AAAAT EEAI A 1
ATEITAITTE 1TTAAITE ET OEHG¢ATE UAIT OAE UlT Aé¢AETI
CilTAAOAh [ EAAOGEI A E DPAAT OEi Ah ENREIRAI £EQ@ AE QA
AOT ETE 1T1TAATE OODPAOGAITI CAT AOOEE 11T AE£ZEET OA
OOOAEEAI Ah OEI EOAAOEDOADE AT AZEI AEOOR AOOI Oh
EOEOAT O PA E UA EOOOALEOAT EA O OOAIEOO j x

Zamorci mogu imati dlCO EIT E DAE EOAOED Al AE®BIi $1 AEA
trikolorna . Srednjeg su rasta, bez repa, sa 4 prsta na prednjim nogama ondosno 3 na
UAAT EEIi8 . A OOEI DOOOEI A OA 1TAI AUA EAT ALAS

~ s oA N A

kratkodlaki beli (albino) zami OAE8 01 HOT OO0 O AEEATT A LEOI O1
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kavezima, u adekvatnim grupa. Neophodno je da temperatura prostorije bude u
rasponu od 20z 26 C, vld:nost vazduha 30- 70%, provetravanje vazduha 10 15 puta
na sat, kao i smenu dnevnamocgnog ritma na 12h (71).
o OTi AT EO UAI 170008 i WdpurdilsgosoBni zp samostalan
L E OpreGocig) zDT EOAOT E OOh T ¢éE OO Ei 1 001 OAT Ah EI A
toku fetalnog razvoja zamenili stalni. lako im period laktacije trajgpp ¢ AAT Ah OA¢ B
AATA 11T cO AA EAAO é¢@HOOO EOAT O E PEEO OI AO
2ADOT AGEOEOT O UOAITT OGu LIAA EAI BOE ¢ O ExyAic Ol AE
10 nedelja. U potpunosti su odrasliu prosekusa8p nm | AOAAER A LEOI O1 E
godina. Utoku EOT OA 11T ¢cO AA AT OOECTI 6 OALET O T A ynm
LATEE AOOOOOT E AEEI 00 -010darg A gedtachrope@A 02 po AA
danai obrnuto je proporcionalan broju fetusa (73). Dug gestacioni period, spontana
ovulacija i akEOT T OAEOAOOEO¢A LOOT OAIl Tsistdind, zaO DI Cl

razliku od 0OOAT EE 1 AAT OAGIEODEEOREPOEL ESOT OREDBAN

: Al T OAA EAT E é1 OAE O DI OPOT 1 OOE EA UAOEO!
OA OOiI EA CAT AOGHA QieHéEA OO TOQAI AAOAS 1T AIT ¢O¢
#q UAI T OAA OAh O bPi OAi ATEO OA AOOGEI ¢C¢I1T AAOE

z z A > P

OPOIl 01 i ATEA T AAAC EOOOALEOAT EAS
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14.%1 AOET 1T HEE OAUOI E AOAOACA
Bubreg kod sisara predstavlja veoma kompleksan organ s®EHA | A <cuv
AOT EAETTAITT E [11TO& 11T HEE OAUIEEéEOEE ¢Al EEA

reasorpciju i sekreciju a sve u cilju regulacije homeostaze, krvnog pritiska, broja
eritrocita i gustine kostiju kao i eliminacije otpadnih azotnih materija (74).

(EOOT 1T HEA EAOAEOAOEOOEEA ~EAOAITEE AOAOAC
OAUOEEAT A AOAOACA ET A 1T AOAOIEE8 2AUIT ¢ OfIi
kontinuirano razvia do samog kraja gestacgg 5 AiI AOEI T AI 111 BDAOET /
primitvne pOOCA 1T AOOAEA 1 AUl AAOiI T A ETCA ¢A OA
bubrega kod sisara se odvia u kranikaudalnom pravcu diferencijacijom
ET OAOiIi AAEEAOT T ¢ 1 AUl AAOi As )1 OAOI AAEEAOTE 1A

I laterlalnog somita, sa kojima gbi vezu i formira urogenitalni nabor (Sika 9) (74, 75).

7 celom

lateralni
mezoderm

Slika 98 0 OEEAU 11 EAI EUAAEEA ET OAOI AAEEAOI T ¢
(Preuzeto uz modifikaciju iz: Davidson AJ. Mouse kidney development.Stembook
[Internet] 2009 Jan 15. Harvard Stem Celldiitute).
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Na urogenitalnom naboru intermedijarnog mezoderma se razlikuju dva dela: 1)
nefrogena traka (vrpca)7 ET EA ¢A O AOAO¢T 1 OOE AAOE 1 OCAI
CIlTAATE TAAT O T A EI®.¢cA OA OAUOEOE ¢ilTAAA j
01T 00T EA OOE 1|1 Ol Ibubregal koja del vieraehski OprodtdrmdOT E O
preklapaju, a to su: pronefros, mezonefros i metanefros. Pronefros i mezonefros se
smatraju privremenim organima, a njihovo postojanje je neophodno za razvoj

definitivno g bubrega odnosno metanefrosa (76

Kod humanh embriona prvi dokaz orazvoju urinarnog sistema predstavljaju
nefrotomi z grupisane mezenhimne ¢ Al EEA ET EA  OA kradigivBd OAT AEC
intermedijarnog mezodermatj od prvih pet cervikalnih nefrotoma. Pronefros se kod
ljudi razvija oko 21-22. AAT A 1T AETT UAéA¢cAh AT E OA ET A IE
dana.Sastoji se najpre od 710 solidnihnakuD ET A ¢ AT EEA ET EA OA AEEAC
pi O1T 1 EAIOBI EcAMEEATTE AAT EAT Al EcA DPOAET 1 00
AAT 11 OEI i AOPIEI i h ATE OA 1 AOAOAITE EOAE EUA
Oi AHOAT EI  EAT Al Ec¢ Afrobni k&ialQ POGABROJE DHOEOAcDPODPA
EUAOLOEA E 1T OOAOA O EIT AEOG8 +OATEEAITE AAI
i AUT T AEOT O ET OEOOE¢cA EAT 1T AOT ATE EAT Al h OOA
regresiji. (77).

Rani, pronefrosni,razvofjAOAOACA EA DI A OOEAAEAI OAOEITTE
T A T COAT Eé AH® 41A gD riedtbga Ganskripcioni faktori Pax2 i Pax8
u intermedijarnom mezodermu indukuju ekspresiju genaLim-1 ET EE EA UAAOQOLA
ACOACAAEEO I A WA bnmiahjeprohelds] ic1 EEEOOOA8 +1T A é1

stadijum u razvoju bubrega je privremen i nije funkcionalno aktivan. Kod riba i amfibija,
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POT T AEOI O EA AT AOT OAUOEEAT h OA-sobihaiabsik&dOEOA C
I pH krvi (78).

31 A AtfagzBorni stadijum u razvoju bubrega je mezonefros. Meaderm
nefrogene vrpce tj torakalnih i dela lumbalnih (L1-L3) nefrotoma, prolazi kroz
OAAA ADPEGHadUMOAIAITEERAROAUEEOTI A ET EA ¢A OA AAI
oblika zareza, apotomi AOET Eé1 ({7g. OI 1T OA 3

Po formiranju S forme, njezin lateralni kraj dilatira i obrazuje Bowmanovu
kapsulu, gdedolazi do OOAOOAT EA AT OUAIT 1 mlfrati AoOdadhieE EA HOI
glomerula. Od ostatka S forme, diferenciraju se preostali delovi nefrona proksimalni
tubul, Henleova petlja i distalni tubul, koji se spaja sprimarnimi T E O A coin @oli&-
ovim kanalom). Mezonefros sa ovakvim jednostavnim ali kompkim nefronom
predstavlia prvu ekskOAOT OT 6 EAAET EAO O AOAOAcCcO8 +1 A
I COATEEAT O &£O01 EAEEO O OOOAOATEO I AT EE ETIEéE
Degeneracija mezonefrosa ide u kraniE AOAAT T 11 DOAOAOHRS E12.0 PAOI
gestacione nedelje mezonefros gubi svoju ekskretornu funkcijugQ, 81).

+I A DPITAA LATOEIC PIiTA O OIEO OOAcAGC 1A
OOOOCEOOOA T AUTT AEOI OA EHAEAUA Ovekifie),jdikekll UAT OC
i OHE A Od\rAekdnefrosni kanala, razvijaju ductus epididymis et ejaculatoriugkao i
vesiculae semminale@2).

2AUOT E 1 AOAT AEOT OA | AAEET EOCEOT T ¢ AOAOACA
6T OAEAR T AT 011 pn8 AATA CAOOAAERdrandd A [ EA
pupoljka koji nastaje od kaudalnog dela Wollbvog kanala. Kod brojnih vrsta, tokom
I AOAi ATT ¢ PDPAOET AAh 11T cOcA EA ObiI OAATT DPAOL
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AOAOACAQ E |1 AOAT AEO1I GA8 2AUOGI E | AOAT AEOT OA
induktEOT T 1 OOEAAEO EUI Adndimali keiedaindympaEjgai(83C | AU

- AOAT EOE é IpEdstéviaApteOstale nefrotome porekla intermedijarnog
mezoderma (lumbalne i sakralney | EdrupalCAA T AET 1 EET OO1T OET A ¢ A
uticajem WT-1 transkOEPAET 11 ¢ AAEOI OA8 5 OEI T PO | AOAI
UAOAAT A POT CATEOTI OT A ¢cATEEOEA bpi bOI AAEEA ET |
vaskularnu komponentu bubrega (8418 - A O AblaAteROdoe LtiEajem signala
kondenzuje i formira strukturu slié T O  ESikB EL10),j koja se razvija i stvara
pretubularne agregate é EEA ¢ A ¢ KdzEpgtokes Bné€xénhifino epitelne
transformacije, i OAAA EAT A Bf@r@rdt dblk repake #eEikdilb. Vezikule u
PDOT AAOGO 1T A&EOT CAT A U At ustaddijut Arpaitd foriad\(fortng a1 AEOA
3 &I OiA j A& OFA TAIEEA 1 AOETEEéTT C OITOA 3Qq E
(75) (Sika 1008 . AEi Ah OEAOEéT A OOOOEOOOA OAT AI
Al Ol EOAEO UAEOEOI EAT O EIT OACET AAEEO T A EITETE
AEOOATITE nAAAATEO EOAE OA 101 ATTiT O OOAAETE
stadijumu zareza (srpastoj formi). Dalie®i | AOAT EA ¢AI EEA EA DOI |
EOAEOAGA ET H EAAAT 10i AT E T OAEOA OAUOI ET A
Ol i 6I 38 %DEOAI ETEE T A1l ALA O OOOAHT EI OO0 Al
podocite, a iz distalnog lumena nastaju kapilarimenzangijuma. Podociti imaju
Obl O ATT 66 OOOAOAT EA EEAOT T AEOET A E AOOCEE

kolagen IV (76).
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metanefriéni

. kapa 4
mezenhim pretubularni
agregati
sabirni tubul e
' proksimalni tubul \\’ .D%

distalni tubul
) /

renalna vezikula

|

(ORy;

O

a"Qﬁu
e/

-

/ forma oblika zareza
-

podociti

I aferentna arteriola

Henleova petlja

Slika 10. Razvoj nefronad, - AOAT AZAOEAAT E [ AUAT EEI OA
EIT T AAT UGEAhR OOOAOAEOADEI AWBAMOD GBO $AITE AADZDI Ef
OOOOEODOOA OA AAITEA COOPEOAA E & Ol EOA POAOGOD
i AUATEEIA O APEOAI h &I Oi EOAEOADE T A OAE 1A

diferencira u strukture u obliku zareza, a potomu SDOEOOOO 1T A1 EEA OI1 1 OA

ADA1 EEA |1 ECOEOAEO O OAOCAAD OAT A O TAITEEO Ol
ADA1 EEA8 ' 1 OT EE AAT 3 OOOOEOOOA OBPAEA OA O
OAEODI EAT EAQs /A Al T EA @oddihiBbwhbnovk kapsuldEDaR i A T A
OA Ci OT EE OACi AT O EUAOLOEA E AEZAOAT AEOA O
petlju i proksimalne tubule. Preuzeto i modifikovano iz:Moritz KM, Wintour EM, Black

MJ, Bertram JF, Caruana G. Factors influencingmmelian kidney development:

implications for health in adult life. Adv Anat Embryol Cell Biol. 2008;1988.
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Od proksimalnog AAT A 3 &£ O A 1T AOOAc HOABGBABAEEE ARD G
AAT ¢A OA EUAEZAOAT AEOAOE CQuidistainéEptakd tvblild, A OOA
AT E ¢ Adis@lhog tefasS forme¢c A T AOOAOE AEI A®dwiarfova ET EA
kapsulaOAUOEOE AOAOALT T OAT6A Brastanjé kadildrauBdwmag 1 1 AOO
ovu kapsulu rezultuje nastankom glomerula. Od tog trenutkapodociti dalie ne
DOl 1 EAAOEHOh OA¢ OA AEEAOAT AEOAEO O ¢AI EEA (
barijeru, glomerularnu bazalnu membranu (GBM) (75, 76).

41 ET i GCOAT AT EA OOAOGAOAITT C DbODPI1TEEA DPOOI
utom pAOET AO OOOAOATEA TAEOITTA TEEA DOEI AgAT]
rezultovati it AOEOEOT EI  AAIT T OAT EAT T A | AOAT AEOE¢EE
nefrona8 5 DOOA ¢éAOEOE CAT AOAAEEA COAT AT EA OOAC
UAOGEI OIRHAAGART KAOEEEA AA¢A [T AT A éAHEAANh A T/
daju sabirne tubule (75). Nakon 15. nedelje grananje prestaje ali se nefrogeneza
I AOOAOI EA8 3AiT OOAEATEA DOIT AAOA 1 AEOI GCAT AU
vrsta se odvija postA OAT 11T DPA EA EUI dxutdd (Sika 10.GeddjidE O AEAE
T AEOT CAT AUA DPi éETEA O uvs 1TAAAITEE OARROE¢ AN
nedelje, a u potpunostise  DOAT A O ALAEG GFH AABOne@ljiddNefrogeneza

se kod zamorcd AOEEA EUiI Ai O ¢c¢8 #7888 DPOAT ACAITIT C 1/
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[ gestacija

[ nefrogeneza

Em
Pacov 2_T|'__'_|
XN —

Zec 18

Oposum [12[ 1
Svinja [113 [ —]
Ovca 145 | 1 |

Majmun  [165 | 1 |

Covek [270 | | |

s oAz o Z N s . s - A N £ A £ oA

Slika 11. £EAi AOOEE PDHPOEEAU AOLET A OOAEATEA 1A
bl OAi ATEO OA AOLHIITH GCAOHARNIEEASDOAOI OCAITTEE
gestacije.(Preuzeto uz modifikaciju iz: Matsell DG, reatal AF: Experimental models of
fetal obstructive nephropathy. Pediatr Nephrol 17:47876, 2002
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15.2 AUOT E bl Oc¢c A

"AU T AUEOA TA LEOI OIiT OOAT EHOA OOE OADOEI
bl O¢ A8 $EOOAITE AAI OAODBONDEGHhT CC1 ABDBAI .
ET OOAPOI i TTAITE AOITEE E DPlIO¢AQ OAUOEEAEC

(respiratornog divertikuluma), koji nastaje na ventralnoj strani kranijalnog dela

prednjeg creva @5). Epitelna komponenta respiratornog sistema je endodermiaog

bl OAEI Ah AT E OO [ EHE¢i Ah EOOEAOE¢AOA E OAUE

bT OAEITIT TA ODBI AT EEéT Tjerednkoreva @i A ET EE 1T EOOL
AT ET I T OGCATT GCAT AUA OAUOT E bl O¢A DPOI Il AUE E

pseudoglandularni, kanalikularni, sakularni i alveolarni (Tabela 4), koji se prema

EEOOT I 1T HEEI EAOAEOAOEOOEEAI A 11 ¢cO OAUI EEIT OAC

TA DIl OO EA EAO OA OI ET i OAUOT EA OBGAAEEOI E |/
Tokom embrionalnog stad ijuma OAUOI EA DI O¢cAh ADPEOAITA

respiratornog divertikuluma invadiraju okolni mezenhim i tako formiraju primitivno

bronhijalno stablo (88). Kod ljudi 28. dana gestacije respiratorni divertikulum se deli na

desniilevi primarni bronhijjaini DPOBT | EAE T A ET EEE ¢A EAOT EEA 1

bronh (Slika 128 / A AAT A ETI EE OA 1T Al AUE EUBAA AEAEOC
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Tabela48 3 OAAEEOI E OAUOI EA DI O¢l i1 ¢ DAOAT EEI A

Vremenski period

Stadijum razvoja Vrsta - — ————
Ol éEI I : AOOHAOA
- EH 9ED 12 ED
Embrionalni Pacov n 18 ED
I T OAE 3-4 GN 6-8 GN
- EH 12 ED 16 ED
Pseudoglandularni Pacov 13e 18e
I T OAE 6-8 GN 16 GN
- EH 16 e 17e
Kanalikularni Pacov 18 e 20e
I T OAE 16 GN 26-28 GN
ME H 17 E 4 PN
Sakularni Pacov 21E 4 PN
I T OAE 26-28 32-36 GN
- EA 4PD 36 pd
Alveolarni Pacov 21E 4 PN
I T OAE 32-36 GN 2t CT AET A

*Preuzetouz modifikacijuiz L.M. Ernst et al. (edsQolor Atlas of Fetal and Neonatal Histologi/l
DOI 10.1007/9781-4614-0019-6_2,Schittny JC. Development of the lur@ell Tissue Re017; 367(3):

4277444,
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(@l
>
O
oD
—>
m
m
m
>
<
m
m
m
>
@)
@)
>

5 1011 OOAAEEOQI
Cli AOGEE [ EHE¢h AIE OO0 TAITLATE TAAEZEAOAT OI OA
%EOOOAAAI O1l AOTE 1 AOOEEO éETE OAIEEA EI 1 EéET ¢
epE OAT A OA OAOOT EE EU EIT1ACAT A OEDP )6h 1Al EI
¢cAl EEA ETEA ¢A & Ol EOAOE OAOEOI AOT A bPI AEOOO

. A EOAEO 101 ¢ OOAAEEOI A PAOATEEI DI O¢A EUCI

(90).
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" e rodenje
& b%b'\ $ o »
N e e * o Di’
i it il I >
1 1 1 1 1
7 gn 16 gn24 gn 36 gn| rodenje  2-20
lg lg lg % l : | S
1 1 1 | 1
pseudoglandularni sakularni
N —_ i |
embn.(')nalnl kanalikularni alveolarni
period
Slika 128 £Ai A OA Obi OAAT Ei DPOEEAUIT i 0@UOI EA

kaudalno; Ce- cephalic; Ddorzalno; L-levo; R, desno; Vventralno; gd z dan gestacija;
gn z nedelja gestacije; g godina. Preuzeto uz modifikaciju iz Plosa E, GuttentacgH.
Lung Development. In: Gleason CA, Juul SE, editors. Avery's Diseases of the Newborn, 10th

ed.ELSEVIER: 2018;p. 5869.e2.
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Pseudoglandulamni stadijum O OAUOT EO PI O¢cA EAOAEOAOEHA
stabla. U toku ovog stadijuma bronhijalni deo pa@nhima se dihotomno grana i razvoj
OPOI O0F ATT ¢ AAT A OAODEOA Oliraniein @rmddntd Grarihidla OA UA ¢
(91).

01 O¢T E PAOATEEI OA OAOOI EE EU AOI ET EE ADE
00T OAAT Ei ADPEOGAIT T I 8 BAAGANO TAMBERDRA AT G A0 AF ERA
EITTEEET O ClEETCATA8 5 AAUAITTE 1T AT AOATE OC
DPAOPAT AEEOI AOT i O TATTOO0 TA AO6LO 1 Oi OET Oh
miofibroblasti. Hrskavica u zidu traheje i glavnih bronha nataje do 10te, odnosno u
segmentnim bronhima do 160A CAOOAAET T A T AAAT EA8 - Ai OcAl I
glikozaaminoglikana, proteoglikana, fibronektina, laminina, kolagena I i 11190, 92, 93).

Paralelno sa grananjem bronhijalnog stabla se kroz difencijaciju i organizaciju

N e s oA s oA o~ z

mezenhima, u sklopu procesa angiogenez® AUOEEAEO E EOOI E OOAIT OE

I A OOAEAEA 1T AOOAEO AOA PDPOEI AOT A AOITTEA |
OOAEAT AOTTEEEAITTI C OOAAI A | bwishbd tafurduld) D OEE E
(Sika 13).
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covek glodari

Slika 138 ) UCi AA OOAEAIT AOT T EEEAIT T T qPradfethAl A EI
modifikovano iz: Brewer NR, Cruise LJ. The respiratory system of the guinea pig: Emphasis
on species differences. Contemp Top Lab Anim Sc¥;36@):100-108)

"1 éTEI COATATEAI AOITEA TAOOAEDO EI OOATT A«
OPOiI O ATE DOOAOE bHi EEOOI T T HEEI EAOAEOAOQEOD
UAIi T OAA Dl 00T EE OAIi1T EAAT A CAT AOAAEEA AOITE
bronhiole, koje na kraju prelaze u alveole44, 95).

5 Pl Oc¢l i1 DAOHRhdikalarde fadd Eakvbja dolazi do formiranja
bl O¢T EE AAET OOA EI EE OA O0OAMOGAEAD OED AGAGHDE EAC
(96). Unutar intersticjuma dolazi do smanAT EA ET 1 EE€ET A 1T EI I C
POl OAOOAT EA EOOT EE OOAT OA8 . A OA 1T A¢éET OA 1
alveolama, a sve u ciliu formiranjem kWA UAOE |} OAOPEOAOI O1 Aq AAOE
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- ~ s N s oA o~

OA AEZEAOAT AEOAEO E OogpakedtmEiu@iintivnimAbleblardne | A D1 C
AOEOOOEI Aq OI eAOGAEO OA b1 AOI T AEOGE OEDPA )) 8
OOOFEAEOAT OA E &1 O&I 1 EPEAARh A TEEET O AEZEAO/
mestima gde se ostvaruje kontakt endotelnec Al EEA EADPEI AOA OA Al OAIl
cATEET I jbPTAOITAEOIT OEPA )Yq AiT1AUE Al & Oi
AAUA ODPOT O1T ATE AAT OAOPEOAOI OT 1T ¢ OEOOAI A E,
APEOAITiIh A O COAi E UWEAKMA IEXHEQDOAOTEA LEHA UAADH
2A0OPEOAOI OT A AAOEEAOA EA AT O1 OEI0G). OAT EA AA ¢

31 AAAcA ZAUA O Al AOET I 1 AE $akulahadfar®)sekdd D1 Oc¢ 1 1
ljudi odvija u period od 24-e do 38e gestacione nedelje. Tokom ovéaze intersticijum
bl O¢cA OA OAAOGEOEAR AT 1T AUE Al AAIEAC OAOOA
ODEOATTA ¢AITEEA OA AEZAOAT AEOAEO bDPA DT AOIT ]
DOEDPAAAEO¢cA DHOTOAETA ''h "h # Be shénjujy;al EEET /
i EOTETTAOEEAITE AT UEIE DI EAUOCEO bpi OAcAT O AE
EUIi Ai O P1 AOI T AEOA OEDP ) E 1 OALA EADPEI AOAS
razmena gasova na nivou perifernih sakulusalQ1).

Poslednji stadijum u raD 1 E O PdlvéblarAa f&zd . Ovaj proces alveolarizacije
parenhima je jedinstven zarazvojfdb¢c A E ET A | E O-Afede(elyesiadie@BEEA 1 A
AOOCA Ci AETA LEOI 6GA8 +1 A Ccii1 AAOAh EAd HOI
embrionalnog dana pado 9gAAT A T AETT A Ol i ATEAR AT E OA EI
Pl 00T AGAT T T | O -&A 86kl dafn) (Fabelak)i Tokom ovog procesa
AT 1T AUE Al &£ Ol EOATEA 11 0EE DOACOAAA | OUOS

PYNEIPN s oA e 2 A

OAUAOHT EE bDOIT 001 OAT HH®DT AIORUOI L OOE AT ®OOAD 1 AéE
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Pbi OOHET A UAAOLAT A W0ZQ80AUIGTAOBADT OOAUPAOAT |
nastavlja kroz stadijume alveolarizacije i mikrovaskularne maturacijg103).

+1 A UAIiT OAA OEEOI Dl Oc¢l | Hgo. Bnate® hhrénkirhaA EA |

T AAT OOAEA OAUEOIT I OEEOI DA T AT A ET OOAIT T ADI A
17T AOI AAEEA8 '1 AOEE [ EHEc¢ O1 OOAO AOITEEEA EA
OOCA OOOOAh A T EHEc¢T A Ol AETCEOCGE @HHGAITAGT T
i cO UT AOTT BEAHA UAOOI OEOE |
- Al T OAA OA <ci AET AT A EI OEOOE EAI i 1T AAI

DAOAT EEI Ah AOOIi Ah EEPAOAAEOEOI T OOER EAT E C
ACAT AGA | OEOOOAhK A &kl stedstava)E Brojdi qakii iA il studig Al E E

OO0 AEOOOADI T EOATE T A é61 OAEA E TEEET O OOEAAE
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16.2 AUOE¢A OEA| A DODKE AIOBDEE@A d IEIHE ¢ A

3EAI AOT E I EHECE OO0 [ AUT AAOI AT 11 @nogbi OAEI
mezoderma, kao i aksijale OEAT AO E 86J Ravaksiadi mEzbderk, s@ obe
OOOAT A T AOOAITTA OOAA E 11 OTET OAAh DI éETEA bBC
formacije-somitomere (Sika 15). Somitomere se prvo pojavljuju u kranijalnom delu
ploda i od prvin sedam somitd AOA 1T AOOA¢A OEAI AOT E 1| EHEGE
OT T EOT T AOA BPA AT EAOAAITTC AAITA DPITAA OIIE
predstavljaju kondenzate primitvnih mezel EET A1 1T EE ¢ Al EEA8 +1 A é1 ¢
pojavljuju oko 20. embrionalnog dana, a do30. dana bude formirano 4244 para somita
868 - AUT AAOI O1 1 EOCA OA O imAénbdnddidhi deokA Al EE
OEl AOiT O i T A ETCA ¢A 1TAOOAOQE Egérindmiotm. DOHI EA
Ovako nastali dermomiotom je multipoterOAT E T A T EACA ¢A OA OAL
AAOI EO ET LAR 1 O1IOCEIT EOIAOTT 1 AOTT BHEBOI EAI
106).

Dermomiotom se deli na hipoksialni i epaksialni dermomiotbmutar somita se
AAT ATl ET AAEET I ¢ Al EE ina OrAiraindtrk @iRaA 144 kdpivb i ET OT
epiaksijalnom dermomiotomu j ET EE ¢A AAOQE 1 Ai 1 dkksijalerd E¢ A Qh

ATTATO TA ETGCA ¢A TAOOAOE 1 Ai OOAAAW). Ah AAAT |
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dermomiotom

sklerotom N misi¢no
y vlakno
primarna sekundarne
miotuba miotube
nervna cev / I ’
AF satelitske
orda
primarna sekundarna Celije
migracija matul acija
miogeneza miogeneza

31 EEA p18 £AI AOOEE DOEEAUEDA UDE piadeéddE AEAOT ¢
modifikovano iz: Charrasse S, Causeret M, Comunale F, BOsreache A, Gauthier
Rouviere C. Rho GTPases and cadhbesed cell adhesion in skeletal muscle development.
J Muscle Res Cell Mat200324(4):311-5.)

Kako su sorc OE O DBl ¢AOEO APEOAITA OOOOEOOOA A
delovi dermomiotoma prolaze kroz proces epitelnemezenhimalne transformacje u
Ol EO EIGCA TAOOAEO DOI CATEOI OTA T EHE¢T A ¢Al
i AUAT EET AT T A ¢ AluBRéi ESAA TAEOERANA TTARE OFAIEESEkac A T AO
14).- ET A1 AOOT A ¢cATEEA OO0 OOAOGAT AGOI ¢ T Al EEA Of
DOl i ET AT O Ei EAAAOAEI A8 #EOI Pl AUIT A T OEE ¢ Al
prisustvo miofilamenata i desmina(108q8 5 OAAI T E 1T AAAIT EE CAOOA
i ET A1 AOOT EE ¢ Al EEA mjoAleA ED EEE RFAc TGEA OHMAAI EE A
i EHE¢cT A OI AET A8

41T ET I OAUOT EA bpi 00T EA AOA OEPA 1 EHEc¢I EE
nastaju kao rezultatspap T EA OEHA | ET Al AOOT EE ¢AIl EEAh E C,
kojima predhodno formirani primarni miotubuli predstavljaju osnov za nastanak (108,

109.).
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OOEIi AOT A T EHE¢TE OOAOIE T AOOAEO ODPAEAT EAI
preseku jedro je centalno postavlieno sa malo citoplazme i mofibrila periferno
Ppi OOAOI ET EE8 . A T OAEEHE¢ETI QGAOI ABRABOEAOAQEER

ETA 1 EOAE 1 AQE keleljieesiadié) Ge odnpsi na spajanje predhodno

I PEOAT T ¢ | EH E gnioblagtimessd yisile 0§ ¢ AOET I AOOCT ¢ OO
AT 1 AUE AT & Oi EOATEA OAEOI AAOTEE 1 EI OOAOQI A
ET T OOAEOEITER A 1T EEE EEOCQ podtaidjeng jedfad Kednifi® A OE H O

OAUOAOGAT EAI I ET OOKDIAA AOT E ERAcT AOAOI AEARA DI (

I DI AUIT E Oi é1 EEOA E OOA

O

E
EOPOOCATT OO0 EA O AE
ATEOG O T AITTI DPOT AAT OO 1O TEI v

AT E OA TA OTi
lokalizacija jedra (109).
Dosadasupoz AOE AOI ETE AZAEOI OE EIT EE OS8ikaUAAOL A
15). od OAT EET ¢ Ul Aé Advdy procksa el aktilaOjA ByF5 faktora u
T17T0O1 £ Of EOAT EI  O1 | EOQE nissi PAX3 | PAYXY Ezatim ®yoB, A0 i OE | E

oneUAAOL AT A UMABEROEAEDMT AFEBH OO - Ul '1100.1 ET GAT ET Q
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embrionalni N— sl misSi¢na
progenitori | vlakna

@ u oG MEF2
- -3 “u = —

miogeneze, PAX3 i PAX7 se inicijalno aktiviraju u embrionalnim progenitorima. Sa

Ei T OET OEOAT Ei  OAUOT EAI OXKITAGHT TAA hb Ol £LAA EDI O O
AEZAOAT AEOAEO O ADAI EEA DPOAEOOOI OA [ EOAEADZ
| ECOEOAEOh AEOPOEI EOAEO OA -ET* E -2&1th EITE
miotube. Oni zatim deluju sa MEF2 i SRF kako bEDEOEOAIT E CAT A 1T AC
AOEEOQGAEOI T EEDO E ££OI EA frelizétd ilmodiikbvahoEOAMEIARAGEE Ol
Y, Sheng A, Jiang X. Role of microRNAs in skeletal muscle development and
rhabdomyosarcoma. Mol Med Rep. Jun 1;11(6):4049

Fetaini pAOET A EA EOOAEEAI AT UA OAUOI E OEAI AOI
bT OA¢cAT EA AOI EA T EHEc¢T EE Ol AERAA AGAUWODIEOA O LE®H

bi OA¢cAT EA AEEAI AONA. i EHEcT EE Ol AEAT A j
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A s~ s A s

1.7.Razvoj zuba-AAT OEAEEA CI 1 AAikeAh Ol Eé11 OOE E

) OOOALEOATEA EA OPOI OAAATT 1T A UAIT OAEI A 0O,
stalna (112), a kod glodara, samim tim i zamorca, postoji jedna jedinstvena (Stal)
denticija (113).

OOOE 11 O& 1'THEE UT AAE OAUOT EA UOAA ETA ITE
OAUOGEc¢ANh £ Of EOAIRS8 +UOAT Al CoiEAAdbReEihedlice=<0 A
UAAAAI EAOA E OEAA OA DPOOE UAI AOGAE UOAA EI EE
strukture pojavijuju u 13-om AAT O AT AOET T Al 1T ¢ OAddetieli Ah ET /
AT AOCETTAITTC OAUOIEA8 . A 1T AHAI AEODPA@EI Al OA
DOOEE UAI AOGAEA EIT Aog tahdAii QOLET OTIAd ADE OQAUOE¢ A
OT EITT T 0O0i¢c OOAAEEOI A T A UOATA COARAAEAA 1T AOAE
UAT AOCEA UA OAUOI E OOAITEE UOAA8 +1 A [ EHA E
jer nemaju stalne zube(114-116).

+1 A é1 OAEAhRh DODPI 1 EAE OA bDi OO0OAPATT -00O0OAGcAOD
TAAAT EE AT AOETTAITTIT ¢ OABGHCEMSH T%ERE CFA efitkAO GOM FEIE
A T AUATEEI &£ OIl EOA UOAT O wrapdiph.d OET EAOAAAEAOE
ClAiTE )IOOEATEBOT AAOE OA OEAA E EI mgdamaOCA A«

embrionalnog razvoja, a kod zamorca ok@5-og dana embrionalnog razvoja Sika 16).
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Slika 168 ( EOOI 1 1 HEA EAOAEOAOEOEE Amb@Aath@yOE¢ A U/

O A U O&arnji dentalni pupoljak-GDP zubna gredicaZG donji dentalni pupoljak-DDP,
HE, x20Q scale bar200 pum.
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