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CAJXKETAK

3apacrame XPOHHYHHX paHa [PEACTAB/bA 3HAYA]aH TEPANMJCKH H3a30B, MOCeDHO KOOI
nandjeHata ca aujaberecom, 300r HapyllleHE pereHepaTHBHE crnocoOHocTH TkuBa. OBO
HCTPaKMBAIGE j& MMAJ0 3a LMJ/b Pa3Boj, HCIUTHBAKE Oe30eqHOCTH M ehHKACHOCTH HOBHUX
TONUKATHUX (dopmynanuja (MacT ¥ ren) Ha Oasu erapckor yiba cubupckor dopa (Pinus
sibirica) y xonuentpauuju ox 0,5%, y npouecy 3apactama paHa. AHaIHM3a cacTaBa €TAPCKOT
y/ba cubupckor Oopa MOTBpAMIA je TPHCYCTBO MOHOTepreHa, Mely kojuma cy
HAj3aCTYIUBCHU]H O-THHEH, [-mHeH u  O-kapen. HMcnuruBambeM aHTHOKCHIATHBHOT
HNOTEHUH]aNa, yJbe je MOKA3AI0 H3PAKEHY i1 Vitro aHTHOKCHJATHBHY aKTHBHOCT. CTa0uiHocT
npenaparta norepheHa je TOKOM HIECTOMECEHHOT YyBamha, a 0e30eaHocT je norepheHa TectoM
akyTHe aepmanse upurtauuje. DopMmynanuje cy HCIMTHBAHE Y CKCUM3MOHOM MOJEIY paHa
ko nujabetuunux Wistar albino nauosa, koju cy OwiM noje/beHH y mect rpyna. Toxkom
TPOHEAEJBHOT TpeTMaHa, (JopMylalMje ca eTapCcKUM yJbeM CHOMpCKOr Oopa mokasane cy
3Hauajuy eduxacHoct y yOp3aBamy 3apacTtamka, 1ITO je motBpheHo sehum mpoueHTOM
CMambEHha TMOBPIIMHE pPaHe W N0BehaHOM KOHUEHTPALMjOM YKYIHOT XHIPOKCHIIPOJIHHA.
XHCTONATONOIIKA aHAIM3a je NOTBpAwIa Aa cy oBe npomeHe mnpahene noOosbIIaHOM
peeIMTeNH3aNHjOM H PEreHepalHjoM TKHBA. TpeTMaH NpenapaTiMa ca eTApCKHM YJbeM
cuOupckor 0Oopa jgompuHEo je Op:KeM 3apacTamy, CMambemy OKCHIATHBHOI CTpeca H
nosehamy aKTHBHOCTH AHTHOKCHAAHTHUX eH3uMa. TonukanHe GopMynauuje ¢y HHXHOUpae
MH(IAMATOPHH OArOBOpP H3a3BaH KapareHaHoM. OB pe3ynTarH yka3syjy Ha TO Ja
Tepaneyrcku e)eKTH NpenapaTa ca eTapCKUM yJbeM CHOUPCKOT Dopa MPOHCTHYY U3 BbHXOBHX
AHTHOKCHIATHBHHUX M AHTHMH()IAMATOPHHX CBOJCTABA, 4YMHEAM MX MEPCHEKTHBHUM 33
3apacrame paHa, nocedHo Koj obonenux o aujabereca.

Kibyune peun: Pinus sibirica; etapcko yibe; 3apactame paHa; HH(IaManuja; OKCHIALHOHH
cTpec.




ABSTRACT

The healing of chronic wounds represents a significant therapeutic challenge, especially in
diabetic patients, due to impaired tissue regenerative capacity. This study aimed to develop,
investigate the safety and efficacy of new topical formulations (ointment and gel) based on
Siberian pine essential oil (Pinus sibirica) at a concentration of 0.5%, in the wound healing
process. Analysis of the composition of Siberian pine essential oil confirmed the presence of
monoterpenes, among which o-pinene, B-pinene and J-carene are the most abundant.
Investigation of its antioxidant potential, the oil showed a pronounced in vitro antioxidant
activity. The stability of the preparation was confirmed during six months of storage, and
safety was confirmed by an acute dermal irritation test. The formulations were tested in an
excision wound model in diabetic Wistar albino rats, which were divided into six groups.
During the three-week treatment, formulations containing Siberian pine essential oil showed
significant efficacy in accelerating healing, as confirmed by a higher percentage of wound
surface reduction and an increased concentration of total hydroxyproline. Histopathological
analysis confirmed that these changes were accompanied by improved re-epithelialization and
tissue regeneration. Treatment with Siberian pine essential oil formulations contributed to
faster healing, reduced oxidative stress, and increased antioxidant enzyme activity. Topical
formulations inhibited the inflammatory response induced by carrageenan. These results
indicate that the therapeutic effects of preparations containing Siberian pine essential oil are
due to their antioxidant and anti-inflammatory properties, making them promising
candidates for wound healing treatment, especially in diabetes.

Key words: Pinus sibirica; essential oil; wound healing; inflammation; oxidative stress.
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JlokTopcka mucepranuja Mumuia Hukonuh

nodujame EY kopucte uriuie unu rpanduiie 0opa pasiukyje cé ¥ XeMHJCKH CacTas, HITO Ce
MOKE BHMJECTH W3 [OCAJAlIbUX HCIHTHBAMKA CACTABA CECKBMX TEPIEHA KA0 WITO Cy [3-
Oucabonen u [-xkapuoduiieH 4Mje je NPUCYCTBO [JOKA3aHO Y MIJIMIAMA ald HE H Y
rpanuniiamMa (6). LlemOpen, uzouemOpon M 1HMC-adHEHON CY HAj3aCTYIUBEHHJH JHTEPIICHH
erapekor yiba (6).

1.1.6. ®enosana u nojudeHOIHA jeIHIbEHA

denonna U nonudeHONHA jeHBEHA CY MPUCYTHA ¥ BEIHKOM Opojy Ousbaka u aajy
UM KapakTepUCTHYHY 00]y, MHPHC, YKYC H TOPHHHY. XEMHJCKY CTPYKTYPY OBHX jeHIbCH:A
KapakTepHILEe IIOCTOJalbe APOMATHYHOT IIPCTEHA 34 KOT j€ Be3aHa je[JHa WM BHILE
xujapokcuianux rpyna. [lomudenonna jequmera ce y npupoau Hajuenrthe Hanaze BeszaHa ca
jenHoM uid Bumie 1mehepHHX KOMIOHEHTH Tpu deMmy dopMmupajy rmukosune. [Ipema
xemMujckoj rpahu Mory ce mogenutd Ha: (aaBoHoujae, (EHONHE KHUCEIHHE, CTHIOEHE H
nurHane. Jlawe, ¢aBoHouge MOKeMO mojenuTH Ha: (uiaBoHose, ¢aBone, dasaHoe,
wzothnasone, ¢aasaHoHe u antouujane (13-15). [maBHa yrnora OBHX CEKYHAApHHUX
MerabonuTa je 3amrTura OM/baKa Of WITETHHX YTHI@AJa CHOJballbe cpeauHe. 36or ceor
M3Y3€THOT AHTHOKCHAAUMOHOT edexta ()eHONHA M MONH(EHOTHA jeIHbeHha HMA]y LIHPOKY
ynoTpedy v NpeBeHIH|H U Jieuey OpojHux obobema (13).

HMako nmoctoju orpanuden O6poj cryauja Koju y (okycy ucTpakuBama uMa (eHosie
cubupckor dopa, nocToje mojay KOjuMa je JOKa3aHo MPUCYCTBO oapeheHux noaudeHonHux
jenumerba u ¢naBonouga (7,8,16). Karexun, enukarexuH M TakCU(DOIHH CY jedHH O]
OpojHUX MOTU(EHONIHHUX JeAUIbCHba TOOHJEHHX CKCTPAKIM]OM IYJIBEPH30BAHOT cemeHa P.
sibirica momohy MenraBuHe pactBopa ameroHa u Boje (17). Hpyra ctyamja ce OaBuna
NPOY4YaBAKEM ETHI-AETATHOI EKCTPAKTA ApPBeTa CHOHMpPCKOr 0Oopa, rje cy Kao AKTHBHE
CYIICTAHIIC M30JIOBAHH TIMHOCHJIBUH, nuHOueMOpuH u Ttextoxpusuu (18). Xemujcke
CTPYKTYpE MOMH(EHOTHUX jeIHIbEHA cY nTpuKa3aHe Ha Ourypu 2. u Ourypu 3.
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jeaHy IBOCTPYKY Be3y) u nojuHesacuhene (Kaja uMajy JBe W BHIIE JBOCTPYKHX Beza) (19).
Hajzactynbenuje Hesacuhene macHe KHCETHMHE Cy KHcenuHe ca 18 yribeHHMKOBHX aToMa:
oneurcka (18:1) u nuHonmHa kucenuHa (18:2), nok cy kox 3acHheHMX HajIOMHHAHTHH]E
NaJIMUTHHCKA W cTeapuHcka (8). OBa rpyma XeMHJCKHX jeIHHCHAa UMa OpojHE yiore Koj
Owbaka, y4ecTBy]y y oA0paHu 0] pa3IHYMTHX OHOTHYKHX H aDHOTHYKMX CTPECOBA M CIIYIKE
Ka0 MPeKYPCOpH 3a cHHTE3y OpojHuX anudaruuHux jeaumemna (20,21).

Konnuuna u oguoc 3acuhenux u HezacuheHHX MAcHHX KHCEJIMHA 3HATHO BapHPajy y
OJTHOCY Ha JEJOBE OM/BKE U3 KOje ce H30MYjy, Kao W rofMiimker qoba u cranumra. Kanyc
urnuna P. sibirica caapku HesacuheHe MacHE KHCENIMHE (HAJBHINE OJEHMHCKE KHCEIHHE,
81,7%) u 3acuhene macue xucenuse (18,4%) on kojux je manMmuruncka xucenmuHa (13,5%)
JOMHHAHTHA M Malle KOJIMYHMHE MHPHUCTHHCKE M creapuHcke kucenuse (7). Yiwe cemena
CaapIKH Y-JTMHOJEHCKY, OJIEHHCKY W JHMHOJHY KucemuHy (22,23). Metabonur nuHOIIHE
KHCEIIMHE, MHHOJICHCKA KHUCEJIHHA, Koja ce uHa4e HajBehuMm jenoM Hamaszu y ceMeHy ce KOJ
cubupckor Oopa y Behoj Mepu Hamasu y TpaH4yMlaMa, MTO j€¢ MOTBPHEHO HMCIHUTHBAMKEM
eKCTpaKTa HaKOH canoHudukanuje (6).

1.1.9. Ilporeunnu

Hajseha wonuuuHa nporeuHa koja cuOUpckor Oopa ce Hala3zw y CEMEHY M HM3HOCH:
16,33% mepeHo v oaHocy Ha cyBy matepujy (7). Kanye apeera caapiku oko 10% nporeuna,
o dera je 63% mpoTenHa pacTBOPJEUBUX Y BOAHM MoneKyicke Texkune o 33 kD u Bume (24).
13 oBora ce MosKe 3aK/bY4HMTH 3 caipiKaj IIPOTEHHA MPEBACXOIHO 3aBUCH 0J] OHIBHOT OpraHa
M METO/Ie eKCTPAKIH]E.

1.1.10. Ocrana d0MoaKTHBHA jeHibeba npucyTHa y Pinus sibirica

[Topen Beh HaBegeHMX XEMMJCKHMX je/IMIbCHaA, ¥ OWIBHO] BpeTH P. sibirica ce mory
Hahu creponu, BATAMUHH ¥ MUHEPanH. ODUTOXEMHJCKUM HCIIMTHBAKEM cacTaBa (UTOCTEPOIIA
Y YIBY j€ JOKAa3aHO IMPHUCYCTBO Y-CHTOCTEPOJId M KEMIECTEPONIa, JOK je y WIIHLaMa |
rpaHyHiaMa J10Ka3aHo sehuHcKo npucycTso B-curoctepona (6,7,23).

JlaboparopujckuM ucnMTHBakUMa XiaaHo uehenor yipa cemena cubupckor dopa u
IETOBOM EKCTPaKIHjoM y3 moMoh xekcana je yrBpheno npucyctBo Tokodepona, o KOjux cy
HajaomMuHanTHHjU:  y-ToKodepon (4,72%) wu  a-toxodepon (8). YV wurmmnama cy
uaenrudukopanu BuTaMuH Ll u xapoteH, kao M Benuku Opoj onuroenemeHara. Manran u
reoiklje ce y najeehoj Mepu Hanaze y MIIMUaMa M INMINAPKAMa, 8 OJMaX IOCIE HBUX Clefe
UMHK 1 Oakap (7,25). KonuuuHe onuroesneMeHaTa Kao 1MITO CY MaHraH, Maresujym, docdop,
KaJIHjyM ¥ OPOjHH APYTH 3aBHCE 0J1 BPCTE, KBAMTETA 3€ MJBHIITA M YCIOBA Y KOjUMa OW/bKa
IKHBH.
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1.1.11. ETapcko y/be

Erapcko ymbe urmuua cubupckor dopa (EYCB) je nako ucnmap/pHBa TEYHOCT KOja ce
Ja006Hja mocTynkoM Aectunanuje OupHHX oprana. To je yrimaBHOM cBeTso KyTa g0 Oe300jHa
TEYHOCT Ha COOHOj Temmeparypu, jakor, KapaktepuctuuHor mupuca (12). JIpe Benuke
XEeMHjCKe KIace jelumberba Koje 4YMHEe BehMHCKHM cacTaB eTAPCKUX y/bad CY TEPIEHH H
yrieoBogoHHIM (27). KBanuraTHBHHM cacTaB 3aBHCH O] poja M OW/bHE BpCTE, 3aTHM O]I
BPEMEHCKHX MPHIIHMKA, CTAHMINTA, TOAUINEET 100a M JenoBa OWBKE KOJH Ce KOPHCTE Kao
u3Bopu erapckux yiba (7). Hajseha xonmuuuna EY urmuma P. sibirica je 3abenexena y
nepuoay cenremdap-okTobap, 10K je v jyHy 3abenexen man ca 2,8% ua 1,7% (7). 'naBuu
CACTOJ LM €TAPCKOT YIba CY MOHOTEPIICHH, CEC KBUTEPIICHH, AUTEPIICHH U ()eHOIH.

1.1.12. TpaauuuoHaaHa ynorpeda cudbupckor dopa

30or OpojHHX HYTPUTHBHMX M (hapmakomomkux edexara cubupcku Oop uma ayry,
TpagulUHOHANHY ynotpeby kako y Pycuju, Tako M Ha npocTopuMa Koja Cy TNPHPOIHA
cranumTa oBe 6ubHe Bpere (28). Mako moctoju Benuku O6poj GopoBa 4MjH Ce MHEOIH
KOpHCTEe y HCXpaHH, Kajia ce y Pycuju kasxke ,,Kenposslii opex™ MucaH ce Ha ceMe CHOMPCKOT
0opa, HAKO [0 TAKCOHOMMJH HHj€ TAa4aH W3pa3 OH ce OJ JaBHHUHA KOpucTH y Hapoxay. Ceme
cubupckor Oopa u xnagHo ueheHo y/be cemMeHa yiasd y CcacTaB  BEJNMKOT Opoja
TPaJUIMOHAIHUX jesia 300T BeHKOT Opoja XpaH/bHBUX CAcTOjaka, a MOXKE C€ KOPHCTHTH H
KA0 JIHJETETCKH CYIUIEMEHT HIIH Kao (yHKIHOHATHA XpaHa (2). Yiee ceMeHKH Koje je forato
nonuHe3acHheHUM MacHUM KUCENHHaMa ¥ OPOJHHM MHHEpPAlMMa M BUTAMHHHMA j€ IO3HATO
1O CBOM OnaroTBOpHOM edeKTy Ha MeTabOoJIM3aM YrIBeHHMX XHpara, Junmuga 30or dera ce
KOpPHCTH y mpeBeHUMjH xuneprerzuje (29-31). [lopen untepHe npumene, y/be cHOHpCKOT
Oopa ce MOXKe KOPUCTUTH EKCTEPHO Y BHIY YJba 33 MAcakKy jep nobolblIaBa LHPKyIAujy H
cMamyje ocehaj ymopa. Takohe ce npuMemyje TOMHKAJHO jep cMaibyje MOjaBy ajleprujecKux
peakiija, MoMaske y pereHepalujy KoKe U J0JIaTHO je ucxapamwyje u mruth (22). [penapatu
Ha Oazm cubupckor Gopa, Kao wWTO ¢y HHPY3U Ce TPaJHULHOHAIHO KOPHCTE Koja 00o/bema
jerpe u OybOpera, NOK JIEKOKTH HUMajy NMPUMEHY KOJA peyMmatuima u aptpuruca (12,16,23).
ETtapcko ymbe, 30601 cnemmduyuHOr MUpHCa UMa HIMPOKY YHOTPEDY Y KOZMETHYKO] HHIYCTPHjH
rae ynasu y cacras nephema. [lopen osora, EY uma 6pojue dapmakonomke edexre Koju
HOMaXKY Y O/IpJKABalby OPAHE XHUTHjeHe U JONPHHOCE MODOIBIIakY NPOLeca 3apacTama paHa

9).
1.1.13. dapmakoomiku edekrn

Ynorpeba cubupckor Gopa y TpPaguIlMOHATHO] MENHIMHH j¢& TIOACTAKIA MHOTE
HCTPaKHMBAYE 3 TIOYHY ca CIpoBolemeM HCTpaKHBamka y WY IOTBphHBaka OMOIOMIKHX
aktuBHOCTH. Mako moctoju orpanuden Opoj cryauja koje ce DaBe OHONOMIKHUM edexkTHMa
cubupckor Gopa HE MOXKE ce OCIOPHTH HBEroBa e()HKACHOCT, &1H MCTO TAKO CE HE MOry
M3/IBOJUTH KOHKPETHE MHIAMKALM]E 34 IEroBY NpuMeHy. PazHoBpeTan dutoxeMujcku cacras
JIONPUHOCH OpPOjHHM AKTMBHOCTHMA KAO INTO CY: aHTHUH(IaMalMjcKa, aHTHMHKpPOOHA,
AHTHOKCH/IAIIHOHA.
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1.1.14. Auturymopcku edexar

HcnuruBama Ha MOJbY aHTHTYMOPCKOT JigjcTBa ¢y pahena camo Ha henujckoM HHBOY
QM HE W HA i1 vivo MoJeny. Y HEKHMa 01 lbHX Ce HABOIM LUTOTOKCHYAH edeKar CHOHpCKOT
oopa na HEPA-1 henujckoj muauju (32). 3a pa3zinuky o MPETXOHO HABE/ICHE CTY/IH]E KOja je
Npoy4aBana XUIPo(UIHU eKCTPAKT APBETa, Pyra CTYIHja je MCIHTHBAJIA €KCTPAKT CeMeHa
cubupckor Oopa Ha SH-SYSY henujckoj nuuuju Heypobnacroma. Takohe, ekcrpakt je
MOKa3a0 No3uTHBaH edekat uzazusajyhu Hekposy u cmameme henujcke puranHoctu (16).

1.1.15. Xunorjaukemujcku edexar

[TuHoneHcka KucenHHA, KOja je Y BUCOKOM IIPOLIEHTY 3aCTYILUBEHA Y yJbY CHOMPCKOT
Oopa, ocTBapyje 3HaudajaH e)eKAT HA HUBO TJIYKO3€ y KpBH. McTpakuBame Ha MHUIEBUMA j€
HOKA3aJ0 J1a Ce OPAIHOM IPHMEHOM Y/bd CEMEHA IOCTHIKE CHAKAH  XHUIIOTIHKEMH]CKH
edekat mona cara HakoH npumene (33). Mcra crynuja je mpoyuaBamem Ha HEK 293T
(myncku emOpuonanuu Oybper) henujcko] MHHHJH NOKyIIana Ja JOKake Be3y u3mehy
peuentop cioboauux MacHuX KucemuHa 1 (FFA1) u penentop cnobogHUX MACHHMX KHCEJIMHA
4 (FFA4) peuenropa ca HMBOOM TIYKO3¢ M MOTEHIMjalHOT YyTHIIAja HA MeTaboiHuke
Oomecrn. YTBpheHo je Oa AroOHHCTHYKHM JICJIOBAKEM IMHHOJICHCKE KHCEIHMHE [O0Na3H 10
aKTHBALM]€ OBHUX PELENTOpa WITO pe3ynryje nosehameM cexpenmje MHCYIHHA U noBehameM
HHCYIHHCKE oceT/buBocTH (33). Takohe, moctoju cryamja Koja moTBphyje aa o-muHEH
3HAYAJHO JONPHHOCH CMAambCikhy HHBOA TIYKO3€ Y KPBH HATALNTE, MPH 4eMy je oBaj edexar
eBH/ICHTaH HaKoH 2 u 24 cara oj npumene (34).

1.1.16. ¥THuAj HA aNeTHT H peryJaluujy TejecHe Mace

Y nocnemmHMX HEKOJIMKO TOAMHA Y/be ceMeHa cubupckor Oopa je y dokycy
HCTPaKHMBaKa 300r CBOI IOBOJBHOT YTHL@Ja HA PErylalMjy TEIeCHE Mace M CMAmbEHba
anerura. Menuruamem oBux edexara Ha manouma je yrBpheHo ja MpHMEHOM yiba [J0OJIA3H
10 Dobe koHTpOIe ocnobahama aqUNOKHHA M IPOHHIAMATOPHUX HUTOKHHA YHME CE MOIKE
COPEYUTH TOJa3HOCT W HacTaHak HH(pIamatopuux merabomuukux OGonectn (31). Tauan
MEXaHH3aM JICJIOBAbA JOLI YBEK HHJ€ PA3jallEbeH, alH C€ CMATPa Ja CMAKEH HUBO JICNITHHA U
noBehaHu HHUBO AMIOHEKTHHA UMA]y 3HAYAJHY YJIOTY Y peryilauuju Metabonu3ma JHNUAA,
kao u ocehaja rmaam u curoctu. [lopen ose cryauje, pahene cy u aBe in vivo cTyuje Koje cy
ce OaBune ucnuTHBameM edexrta kKamcyna ca npoaykeHum ocinobahamem Ha Oazu yiba
cubupckor 6opa. [lotephen je edexar cMmamema aneTUTa HCITUTHBALEM 3PABHX M FOja3HUX
nandjeHara. Bepyje ce na je aktuBauujom FFA4 peuentopa [ouuio 10 CMameHOT JIy4eHa
rpelMHA KOJM HMMa yIory y peryrauuju ametura. Ca Jpyre CcTpaHe [ouuLIo je A0
HOCTIPAHAHJAIHOT TI0PACTA KOHLEHTPALM]E HHKPETHHCKOT XOPMOHA TJIYKAroHy CIHYaH
nentua-1 (GLP-1) u axtuBauuje FFA1 penenropa y P-henujama mankpeaca uume je
ctumyHcaHo ocnobahame uncynuna (35). lbuxos 3ajequuyku edexar ce orieaa y CMarmberby
HHBOA TJIYKO3€ YV TMEepHOY O JiBa cata HakoH onrepehema rinykozom (35). Metu Hayuunu cy
NOHOBHJIM MCTPAXKMBaWke rjae cy ynopehusanu edexre opanHe npumeHe kamcynma ca
MoaudukoBanum ociodahambeM Ha 0a3u MacJIMHOBOT yiba M yJba cHOHpckor Oopa.
HcenuruBameM 3/IpaBUX, roja3HHUX MalHjeHATa Cy JOOHjeHH APyTaudjHu pPe3yaTaTH y OJHOCY
Ha mperxoaHy cryaujy. HMako nomazu no moeehawa GLP-1, nHuje 3abenekena 3HavajaHa
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OPOMEHA Y KOHLUEHTPALMjH TIYKO3e W HMHCYIHHA KOJ HCHMTaHuka. lcruruBamem
cyOjextuBHOT ocehaja ce momIo 0 3aK/bY4Ka Ja Karcyie usasuBajy ocehaj curoctd u na
HAIHjEHTH UMa]y CMambeHY SKeJby 3a XpaHoM (36).

1.1.17. ¥THuaj HA HEHTPAJIHH HEPBHH CHCTEM

Manu Opoj ucTpaxkupada ce OaBMO mnpoyuaBameM edexrta cubupckor Oopa Ha
LHEHTPAJIHH HEPBHH cHcTeM. JeguHa cTyauja koja je ypahena je cmnpoBereHa Ha
XHIIOKAMITAJTHOM ey MO3ra MHIIEBA Y UH/bY MCIIMTHBAA HEYPONPOTEKTHBHOI e(exra
amujaa gamOepruancke xucenuHe (37). JlamOGeprunancka xucenmna, goOMjeHa M3 HIIMLA H
TepneHtuHa P. sibirica wma uHxubutopHo aejerBo Ha N-metun-D-acmaprat (NMDA)
peuenrope, 4Hja XHUIEPAKTHBHOCT €€ JOBOJM Yy Bely ca OpOjHMM KOTHHTHBHHM H
HEypoJereHepaTuBHUM OonectuMa, Kao mTto ¢y Amixajmeposa, [lapkunconoa Oonect u
MynTHIDIa ckieposa (37,38). a-nuHeH moka3dyje 3HauYajHE HEYPONPOTEKTHBHE edeKTe Ha
HEHTPAJIHH HEPBHH CHCTEM, INTO C€ [PHIIHCYJ€ HbErOBHM AHTHOKCHAATHBHHM W
anTHUH(pIAMATOPHUM cBOjcTBUMA. McTpakmBama cy mokazana jaa o-IHHEH Mo0OJbLIABA
MOTOpH4dKe (YHKIM]e, KOTHHTHBHE CHOCOOHOCTH H CIIPE4aBa INEPOKCHAAUM]Y JHIHAA Y
MOJIEIIMMA HEYPOJEreHEePATHBHUX 0olecTH, Kao mrto ¢y XaHTHHITOHOBa M [lapkuHcoHOBa
oonecr. Takohe, ycmocraBipame OanaHca OKCHAAHC-AHTHOKCHAAHC CHCTEMA JIONPHHOCH
IbETOBOM 3aIITUTHOM e eKTy, nobosbiiagajyhu MeMopujy U MOTOpHYKY KoopauHaiujy. OBu
pe3yITATH HCTHYY MOTEHIMjall o-IHHEHa y Tepanuju nopemehaja nepsror cucrema (39).

1.1.18. Jlepmaronouiku edekT

Mo cama nema ojaB/eeHMX cTyaMja Koje cy ce OaBmie npoyuaBameM edekta
cuOupckor Oopa Ha KOXKY HMak0 OBa OM/BKA MMA BEJIMKH TNOTEHLUMjal H BHIIEBEKOBHY
TPAJAUIMOHAIHY NPUMEHY. TaKCOHOMCKH, lbeMy HajeaudHuju Pinus koraiensis, je getabHuje
NPOYHYEH M MMa JI0Ka3aHy eduracHOCT y jedewy ncopHjaze (40), KOHTAKTHOT JepMATHTHCA
(41), ka0 ¥ MpPUMEHY ¥ KO3METHYKUM MpernapatuMa y tpermany Oopa (42). [Ipencrapuuim
pona Pinus, xoju cy 0OraTH MOHOTEPIIEHMMA, HUMA]y LIHPOKY IPHMEHY Y IIpernapaTuMa 3a
KOKY 300r H3y3eTHOT aHTHMH(IAMAIM]CKOT, aHTHOAKTEPHjCKOT M aHTH(YHTAIHOT AEjCTBa,
3aXBa/byjyhH BHCOKOM MpOLEHTY MOHOTEPIICHA. C-TTHHEH, KOjU jé M TJIaBHH CacTojak
€TapcKOT yiba cHOMpcKor Oopa, HMa NOBOJBHE eeKre Ha KOy, KAO H HA 3apacTame paHa
(43-45). HajuoBuja MCTpaskHBaha CY HA aHUMATHUM MOJICIHMA MMOKA3aJ1a AaHTHIICOPHjaTHIHY
AKTHBHOCT AcpManHo npuMmeteHor EY Pinus Bpeta (46). Bpere P. pinea u P. halepensis cy
MCIIMTHBAHE Y LHMJbY IIPOHANIACKA 100por areHca 3a 0osbe 3apactame paHa. Etapeko yibe oBuX
OWwhaka je NOKa3ano OJJIMYAH PE3YINTAT LITO CE MPUIIHCY]E HHXOBOM CHEUH(HYHOM
xeMujckoM cactaBy (47). Y mnorpasu 3a oarosapajyhoM CcHpPOBHHOM 3a NPOH3BOIY
HAHOCTPYKTYPHHX IJIMIIMIAHHX HOca4a, yJbe cuOupckor 0opa je MoKazano H3BaAHPEIHE
pesynrate. 300r H3y3eTHe crnOCOOHOCTH [1a IUTHTH M HETYje KOKY MOXKE Ce KOPHCTHUTH Y
OpOjHMM TONMKAJIHMM KO3METHYKHUM mnpemapatuma (22). o can HHje eKCHepHMEHTATHO
JOKA3aHO, alli Y HAPOAY C€ KOPHUCTH 3a Macaky jep ocnobaha on ymopa, mobossinasa
uupkynandjy v nosehasa sutannoct (48,49). Takohe, Ha TpkuiuTy ce Moke Hahu BeaMKH
Opoj AepPMATOKO3METHYKHX MPENapaTa Kao LWITO Cy CAIlyHH, IIAMIIOHH, JIOCHOHH H KPEMe Koje
y CBOM CACTABY MMa]y €TAPCKO VJbe Oubaka u3 poaa Pinus (50).
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kynrypH hemuja Maaun-/lapou ncehe henuje oyopera (MDCKI1) npunukom ananuze yiba
ceMeHa Koje je 100MjeH0 XJIaHUM M TOTUTHM MOCTYNKOM Hehema (2).

OnpehuBambeM aHTHOKCHIAIIMOHE AKTHBHOCTH €KCTPaKTa ceMeHa aobujeHor nomohy
KOMOHHAIIMje pacTBOpa allETOHA U BOJIE, TecTOBUMA nmonyT 1,1 -audeHmwn-2-muKp mixuapas3un
(DPPH), Fe(ll) xenarne akTHBHOCTH j¢ MOKa3aH MOTEHIM]as cubupckor Gopa y Oopbu
npotuB ciobomaux paaukana (16). Xuapoduwnnu exkcrpakt kope apeera P. sibirica je
HOABPTHYT PA3JIMYMTHM XEMHJCKHM TECTOBHMA 33 MCIHTHBAKE AHTHOKCHIALHOHE
cnocobHOCTH TA€ je 3abenelkeHa jako Mana aKTHBHOCT NMPOTHB clI00OMHMX paiukana. Y
nopehewsy ca eKcTpakTHMa OW/bAaKa CIIHMYHOT XEMHJCKOT cactaBa Koje umajy jobpe
AHTHOKCHIALMOHE CIOCOOHOCTH OBH pe3ynTaTH cy ouwnn uznenahyjyhu (58).

1.1.22. Awurunundpaamauujcku edpexart cudupckor dopa

Bbpoj cryauja koje ce DaBe npoyuaBameM aHTHHH(pIaManujckor edexkra cubupckor
oopa je opranuuen. Ha ocnoBy ¢utoxemujckor cacraBa M nopehema ca apyrum OwbKama
HCTOT POJa MOKE MPETIOCTABUTH 1a uMa u3yieran edekar (29)Error! Reference source not
found.. VY jeanoj in vivo crymuju je ucnuTuBaH edieKaT opajiHe MPUMEHE CKCTPAKTA CEMEHA
cuOMpckor 0Oopa Ha KapareHAHCKOM Mojeny HH(IaMUpaHe INANMULE [ALoBa, TAe je
jabeneskeH MHXUOUTOPHHU edekar y mepuoay ox umect catu. Kako je moznaro na ®-3 macHe
KHCEIMHE JIENy]y KAa0 AHTATOHHCTH aPAXHJIOHCKE KHCEJHHE, KOjd je MPeKypcop 3a HACTAHAK
npoctarmanauHa (59), cmatpa ce ga cy noiuHeszacuheHe MacHe KHCENIHHE, TOKO(GEpOIH u
CTEPOJIH OArOBOpHHU 3a aHTHHH(pTamanujcku edexar (23). Takohe, nocroje cTyauje KojuMma je
J10Ka3aHa e()MKACHOCT NMHHOIECHCKE KHCEIHHE, KOja € Y BEeIMKO] MEPH 3aCTYILUBbEHA Y YIbY
cemeHa cubupckor Gopa, a edexar ocTBapyje CHHIKABamEM HHBOA a30T-MoHOKcHjaa (NO),
npoctarnanguia E2 (PGE2), unrepneykuna 6 (IL-6) u daxropa Hekpose tymopa anda (TNF-
a) (51,52).

1.2. Pane

Koxka je wnajpehm opran pyackor opraHmiMa U uma OpojHe yiore y oabpaHu
OpraHu3Ma. ¥ 3aBHCHOCTH OJf CTAPOCTH, CTAHA KOXKE U CTakbha OPraHH3MA KA0 U CIIOJbAIBHX
yruiaja moxke gohu go noepene. @uznuka, xemujeka win OHOJIONIKA MOBPEJA HHTETPHTETA
KOXKE, CNY30KOKE WIM HEKOr TKUBa mpejcrtaB/ba pany (60,61). Pane umajy npupoany
crocoOHOCT pereHepaldje M 3apacTtaimba INTO YK/bYHyje akTHBaujy OpojHHX mpoleca y
opranusmy (62). Y 3aBHCHOCTH 0J] BPCTE PAHE OBaj MPOLEC CE MOXKE OJBUTH Y MOTIYHOCTH Y
BEOMAa KPATKOM BPEMEHCKOM IEPHOAY, JOK y HEKHM CIy4ajeBHMa MpOLEC MOkKe OuTH
O/UIOKEH W HEHCIYEH Y HOTIYHOCTH 3007 Pa3siMdMTHX YHYTPAIUKBHX H CIIOJbAIIBHX

daxropa (63).

1.2.1. Knacuduxkauuja pana

[Tocroje paznuuure knacuduKalMje paHa y 3aBUCHOCTH OJ1 JIY)KMHE Tpajamka, O]
M3a3MBAYA M THIA [OBpeje, NyOHMHE M MECTa paHe, KA0 M KOMIUIEKCHOCTH M IIOTEHLMjaITHEe
kontamuHammje (61). [Ipema aykuHM Tpajama, paHe MOKEMO MOJICIMTH HA AKyTHE, KOje
Tpajy a0 6 Heaesba M XPOHHYHE KOje Tpajy ayxke o 6 Henesba. Ha ocHOBY y3poka nocroje:
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ONEKOTHHE KOje MOry OMTH eINeKTPHYHE, TePMAllHe M XEMHJCKe; TPAayMaTCKe paHe Koje
HACTA]Y KA0 IIOCIEJHIA TOBPEAC OLITPUM MM TYIHM MPEJMETOM; JATPOTEHE paHe Koje
OCTa]y HAKOH XHMPYPIIKHX MHTEPBEHIIMja. 3aTHM, ako KiacH(HUKyjeMo paHe npema AyOuHH,
MOCTOje MOBPIIMHCKE KOj€ 3aXBaTajy JeJI0BE M3HAJ XHIoJepMuca, M JyDOKe paHe Koje
3axsarajy u ayboke cinojese xunogepmuca (61). [lenrap 3a konutpony donecru u npeseHIM]y
(CDC) u3 Cjenumenux Amepuukux [pikasa je 0bjaBuo kinacu(uKaimjy paHa npemMa cramwy
KOHTAMHHHPAHOCTH, KOja CaJipKu 4eTHpH Kiace (64):

. Koaca 1 (uncta pana), neunduumpana pana, 6e3 3nakosa unaamanuje
. Knaca 2 (umcra 10 KOHTAaMMHMpaHa paHa), paHa Koja C€ Y HEKHM
cIydajeBHMa MOKe HH(DUIMPATH cieu(HIHUM ITyTeM

. Knaca 3 (koHTaMHHHpaHa paHa), OTBOPEHE, CBEXKE paHe ca Moryhow

AKyTHOM HH{(IaMAIH]OM
. Knaca 4 (mpseaBa pana), AyrorpajHe TpayMaTCKe paHe Koje cy
HH(ULIUPaHEe yCile] HeaJleKBATHOT 30 pHbaBamba

[Tocebua BpcTa paHa jecy KOMILIEKCHE paHe, Koje Koje obyxBaTajy BHIE CHCTEMA
oprana. Ko akytHux TpayMartckux nospeaa ((paktypa) 4ecTo J0Ja3H J10 NojaBe paHa Koje
3axBarajy u omrchewe Heypo-BacKyIapHor cuctema (65). OBakBe paHe HE MOTY caMe Ja ce
perexepuiy Beh je HEONXOQHO OpPAJMTH XMPYPIUKY MHTEPBEHLH]Y KojoMm he ce canuparu
npuMapHa nospena. Kako KOMIIEKCHe paHe joil yBeK HHCY CTpPOro AedHHHCaHE y HBHX
yOpajaMo cBe KOMIUIMKOBaHE OOJIMKe paHa Koje ce TeHIKO Jieue. Y Takee paHe ce yopajajy:
HEKPOTHYHE paHe, YILEPO3HE paHe, XPOHMMHE paHe MOANoKHE HH(pekiumjama Koje cropo
japacTajy, paHe Koje ce JOBOJIE Y Be3y ca APYTruM 000JbehHMa Kao ITo je aujaderec u apyre
ayroumyHe donectu (66,67).

1.2.2. [Marodu3uoioruja 3apacrama paHa

3apacrame paHa je (GU3HONOIIKH MPOLEC Y OPraHU3My KOjH aKTHBHPA BEJIHKH OpoOj
MeXdaHH3aMa Y HHJbY 0A0paHe u 3alUTHTE OPraHu3Ma Kao u pereHepauuje nospehenor tkusa.
Heonxonna je mgobpa koopauHauuja Opojuux cucremMa u (akTopa Kako O ce mpouec
3apacTama OJIMrpao MpaBUIHO. AKYTHE, OBPIIMHCKE paHe ko muahux ocoba Op3o 3apactajy
npu 4deMmy ce koxu Bpaha uHTerpurer u (yHKUMja; OOK KOJ XPOHHYHHX paHa IPOLEC
yKJbY4Yyje mojaBy HH(IaMaluje Koja JoAaTHO MPOoIyKasa Ipolec penapaiuje y koM he ce Ha
Kpajy dhopMupaTH 03KHIbHO TKHBO (61,63). Y 3aBucHOCTH 0J1 THIA paHe Heke (aze 3apacTama
Mory na tpajy ayxe uin kpahe, a Hexke Oyay u npeckouene. Jlo gaHac ¢y JeTa/bHO NpoOy4eHEe
yetupu haze: ¢asza xemocraze, undnamamujcka aza, nponudepatusHa ¢aza u daza
pemojienoBama (68-70).

daza xemocrtaze je Hajkpaha ¢aza M akTHBHpa ce OAMAax HAKOH INTO j€ MOBpEa
mizazaHa. L{um oBe daze je zaycraBmame KpBapema M clpedaBame Xemoparuje. OBo ce
HOCTHXKE BA3Z0KOHCTPUKIM]OM, NPHMApPHOM XEMOCTA30M KOja ce oOriefa y AaKTHBAUMjH
TpomOouura H opMupamy TPOMOOLMTHOr 4Hena, Ka0 M CEKyHIAPHOM XEeMOCTa30M Koja
obyxBaTa akTHBAalMjy Koaryiauuje u dopmupame (GudbpuHckor kpsHOr yrpyumika (67,68).
Benuku 0poj eHIOreHHX CYNCTAHIM KAO MITO CY KATEXONAMMHH, NMPOCTATTAHAMHH H MHOTH
MPOKOATYJAHTHH M AHTHKOATryJIaHTHH (hakTOpH Cy YK/bYHeHH y oBaj npouec (62). Hakon
noepene, eujgoren omreheHor KpBHOr cyaa ocinobaha  eHAOTENHMH  KOJU  CBOjUM
BA30KOHCTPUKTOPHHUM [ICJIOBAKEM CMalbyje [a/be OTHIUAKE KPBH. |pomMbouuTH KOjH ce
Hajla3e Ha MECTY MOBPEJIE ce MPeKo cBOjux peuenropa u von Willebrandov-or daxktopa Besyjy
33 KOJAreH, NpPH 4YeMy [OJa3d [0 HBHXOBOT IpHjamama Ha 3ua omreheHor expgorena u
IbUXOBE aKTHBallHje. AKTHBAIHjOM, TPOMOOLIMTH MeHajy CBOj 0bmuK u ocnobahajy BETHKH
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Opoj aKTHBHHX CYICTAHIM KOjé MMAajy 3HA4YAJHY YIIOTY Y Ja/beM MpPOLECY 3apacTama paHe.
Hexku on mux cy tpombokcan A2 M CEpOTOHHH KOJH JIONPHHOCE ja40] BA30KOHCTPHKIMjH H
3aycTaB/balby KpBapema. Anenosud audocdar u agenosud tpudocdar cy OUTHH y mpolecy
aKTHBAlMje W TIPHUBJIAYEHA BEJHMKOT Opoja TpoMOouMTa 10 MecTa moBpeje, mTo oMoryhasa
Oospy arperauujy u hopmupame tpombouuTHor dena (68). Ynopeno ca oBom hazom gomnazu
J10 aKTHBALMje mpolleca Koaryualmje, Koju 3a /b uMa hopMupame GUOpHHCKE MpeKe Koja
he crabunuszoBatu kpeHu yrpymak. Koarynanuja npeacraBiba KOMILIEKCAH MYITHEH3HMCKH
NPOLEC KOJH CE CACTOJM M3 HH3a KACKAHUX PEaKlMja KOje Ce MOTY AKTHBHUPATH CIIOJbALIEHM
WM yHYTpausuM myteM. Crospanimsi, MM eKCTPHH3HMKH IIYT Ce aKTHBHPA]Y IIOCPEICTBOM
TKUBHOT (hakTopa koju ce ocnobaha u3 omrehenux henuja, u myreM OPOJHUX KACKaJIHHUX
peaxkuuja JOBOBH a0 cTBapama (ubpuna. Axtupaumja Qaxrtopa Koarynampje JONPHHOCH
MHTE3UBHPALY YHYTPALILET IIyTa Koarylauuje npu demy gonasu 1o jour seher dropmupasa
¢ubpuna. EKCTpUH3IMYKH, CIIO/BALIGH M MHTPHH3MYKH, YHYTPALIbH IIyT KOAryiaiuje ce
cycpehy y HuBoy dakTopa X, ojlakie ce Mpolec OABHja NyTeM HCTHX Peakiinja. AKTHBAIIMjOM
taxropa X, Hacraje ¢akrop Xa KOjH UMa €HIUMCKY YJIOry y mpeBohemy nporpomOuHa y
TpomMOuH. TpoMOuH, 1aibe, KOHBEPTYje pacTBOP/EHB (QHOPUHOTEH Y HEpacTBOP/BHB (hubdpuH
KOjH ce Jajbe MoBe3yje ca APYruM MoJiekyauma GudpuHa npu gemy ce dopmupa hubpuHcka
mpexka. @DopmupameM Tpomba, OAHOCHO KPBHOT VYIPYLIKA KOjU Je crabwiu3oBaH
¢dbubpunckoM MpekoMm ce 3aBpmasa (aza cexkyHjaapHe Xemoctaze. TpomO npejcrasiba
MEX4aHHYKY 3aI0THTY 0J1 KpBapema u MOryhHOCTH npogopa MHKpOOpraHuiaMa H MH(pEKuMje
pane. Ilopen osora, tpombouutH u3 Koaryiyma ocnobahajy 6pojue daxrope pacta u
HUTOKHHE KOJH UMAajy 3HA4YajHY YJIOTY y HapeaHum dazama uHbIaMaluje U peMo/ieoBama
(62). Hexu ox tux daxropa cy: ¢axrop pacra tpombouuta (PDGF), tpanchopmumyhu
tdaxrop pacra-p (TGF-B) u enunepmanuu daxrop pacra (EGF) uuje ce ynore ornenajy v
perynaudju unduamamnuje, cruMynaimju nponudepanrje u murpammje henuja gonpunocehu
HONPABLH TKHBA.

[Torom ce axktuBupa da3za wuHdramMauMje kKoja uMa yiory y ogbpaHd on
MuKpoopranusama. Ha mecty nospejie MacTOLMTH HCIIYINTA]y NPOUHGIAMATOPHE LUTOKHHE,
BA30MIATATOPHE CYINCTAHLE M XEMOATPAKTaHTe u3 cBojux rpanyna. OBu  porahaju
YCIIOBIbABA]Y AKTHBALM]Y MMYHOJIOLIKE 0A0paHe OPraHu3Ma, Kaja Ha MecTO [OBpeje J0Ia3H
BeHKH Opoj HeyTpodmwta 1 MoHouuTa. TKHBHM Makpodard KojH ce Hata3e Ha MECTY MOBpe/ie
ociobahajy npoundraMaroprue uuTOKHHE, YKBY4yjyhu unrepneykun 1 (IL-1), IL-6, TNF-q,
Kao OpojHe apyre dakrope KOju Cy HEONMXOHH 3a (ha3y aHrHOTEHE3e U PEMOJICIIOBaKkA. Y 10T
HeyTpohuna je Aa YKJIOHE IATOTEHE M HEKPOTHYHO TKHBO ocnobabajyhu peakruBHe
KHCEOHHYHE BPCTE, AHTHMHKPOOHE IMenTHjae M IPOTEOJMTHYKE €H3uMe, 13 O0u Ha Kpajy
wippuiwin  arouurody (62). Behuna wueyrpoduna ce yximama ca MecTa MOBpene
VHHUILITABAEM H TYTAEM O] CTpaHe Makpodara, HiIH y HEKHM cIy4ajeBHMa anonto3oM (68).
Ogaj npouec o3Hauasa Kpaj undaamauujcke dase.

Ja 6u pana npaBunHO 3apacya notpedHO je perenepucarH nospehene kpeHe cya0Be U
EMUTENHO TKHBO, INTO C€ OJBHja ¥ mpoiudeparusHoj ¢dazu (61). Y 3aBHCHOCTH O/ TEXKHHE
paHe oBa (hasza MOKE TpajaTH O] HEKOJIHKO [[aHa 10 HEeKONUKO Hezesba (63 ). Kibyunu npouecu
33 NPaBHIHO OJBHjambe oBe (haze cy: aHruoreHesa, QOpMHparme IPAHYIALMOHOT TKHBA H
peermutenuzanuja. GUOPUHCKH KPBHH YIPyIIAK HACTA0 y MpBOj ¢aszu ce caj noj JIejcTBOM
¢hubpobnacra 3aMemyje TpaHyIalHOHUM TKMBOM Koje je 6orato uOpOHEKTHHOM, HE3pEITHM
KOJIareHOM M mpoteornukaHoM. [lopen daromurose, koja je OuTHa 3a mperxojaHy ¢asy,
Makpodaru U y oBoj dazu uUMajy u3y3eTHO OMTHY YJIOTY KOja ce Orjefla y perpyraimju u
aktuBammju Gubpobnacra, engorennux hemja un 6pojuux gpyrux. [lospehenn kpeHHU cynoBH
Ce pereHepuilly Yy IIPOLECY 4HTHOTEHe3e KOJH je AKTHBHpaH y3 momoh BackymapHor
engorendor dakropa pacra (VEGF, eurn. Vascular endothelial growth factor) u dbakropa
u3zazsanux xunokcujom (HIF, eurn. Hypoxia inducible factor). M2 makpodaru cexperyjy
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VEGF, kao u 6pojue akrope koju npomoBuily npouec aurdorenese. Heku on tux dakropa
cy: TGF-f xoju uma ynory y murpauuju ¢udpobnacra u cunresu komnareHa; EGF koju
CTUMYJIHIIE npoiudepalnjy KepaTHHOLIKTA | npoliec enurenusaimje (62). [lponudepanujom
MHKPOBACKYIAPHUX eHnoTenHux hemja u GopmupameM HOBHX KPBHHX cyaoBa ce omyhapa
00J/ba MPOKPBIEEHOCT W OKCHreHAlMja TKUBA Koja he nonpuHeru Ooibem 3apactamy (68).
Magkpodaru oBjie MMajy peryiaTopHy yJiory, kKako Ou pasrpagund (GuOpHH M HAnpaBHIIM
HPOCTOP 33 HOBE KPBHE CYAOBE M KAKO OM CIPEYHIIH NPEBENHKY BACKYIAPH3ALM]Y TKHBA.
CrnpeuaBarbe BacKylapusaluje TKHBa je omoryheHo HHXHOMTOpHMAa aHTHOTEHE3E:
untephepon-a, unrepdepon-p, marpukc metanonporeunazama (MMP). Tlocneamwu npouec
nponudepalmje je peenuTend3alMja Koja 3a [MJb HMa 3aTBapamke IMOBPIIMHE paHeE.
Murpauuja u nponudepanuja KepaTHHOLUMTA jeé KJBYHYHA 33 HPOLEC 3aTBapama owmrteheHor
enutena u popmupame dapujepe. [open makpodara, burny ynory umajy u T-henuje koje ce
HAlla3e y KOXKHM M IOCPEJCTBOM LMTOKMHA W () aKkTopa pacra [enyjy Ha KepaTHHOLMTE H
akTHBHpajy uX. EH3umu Matpukc metamonporteunaze, MMP-9 u MMP-2 yuectByjy vy
pasrpaamu exkcrpanenyiapuor matpukca (ELIM) u 0aszanne wmemOpane omoryhasajyhu
KEPAaTHHOLUTHMA [OBOJBHO IIPOCTOPA 338 MHUIPALM]y. AKTHBHPAHH KEPATHHOLUTH MHUIPHDPA]Y
ca KpajeBa paHe Ka UEHTPY Tie ce cpehy, 3aycraBba ce MuTrpalja a yjeqHo u popmupa HoBa
Hazanna memOpana (68). OBaj BeoMa CJI0KEH MPOLEC j€ TMOCPETOBAH PAa3IHYUTHM BpCTAMAa
¢hubpobiacra 0 KOjUX CY jeHH OJTOBOPHH 33 TAJOKEHE EKCTPAleNyJIapHOT MaTpHKca a
JPYTH 33 peenuTeIH3anmjy.

[Tocneamwa thaza y npouecy 3apactama paHe jecre dasza peMoJenoBama Koja Tpaje u
MO BHILIE MECEIH WIH rOJMHA ¥ 3aBHCHOCTH o7 THna paue (63). Lnb ose da3se je na ce koku
BpaTH iheHa npBoOuTHA (yHKUH]A, TO je Moryhe KOJ HEKMX MamHX MOBpEAa, 10K e KOJ
Behux moBpeda cTBapa OXKWbHAK KOJjH Hema HcTe (yHKIHje Kao 3apaBa Koka. Haxowu
3aBpIICHE peenuTenu3anuje, ojaazu a0 peopranmszanuje EIIM kako 64 HOBOHAcTano TKHBO
obe3beqmwio MexaHudky 3amrtuty. Pubpobnactu, Koju Ccy OATOBOPHH 3a IMPOH3BOIBY
KonareHa, Takohe umajy OurTHy yiory y peryinauuju aerpagaumje u pecunrese ELIM koju
Mopajy Ouru y omrosapajyhem damancy. MMP u TkuBHM MHXUOMTOp MeTanomporeHHaza
(TIMP, eurn. Tissue inhibitor of matrix metalloproteinase) cy (akTopu Koje NPOH3BOJIE
nudepenuupanu Gudpodiactu- Mmuodgudbpodnactu y rpanynanuonom tkupy. [log nejcrsom
MMP nonazu g0 pEKOHCTPYKIMjE EKCTpalenyilapHor warpukca, komaren [ wu3
IPaHyJIalMOHOT TKHMBA ce 3aMemyje komareHoMm . Hakon pgerpagammje ELIM, nonasu no
HHXHOHUIIHje MAaTPHKC MeTanonporenHasa noa aejcrsom TIMP, mpu yemy ce 3ayctaBiba 1a/ba
nerpanauuja (68). Y oBoj dazu TGF-p uma 6urny ynory y perynauuju cunrese TIMP, unme
Moayiuie exkcrnpecujy MMP u cnipedaBa npexomepny pasrpaamy ELIM. ¥V nmopehemwy ca
HermoBpeleHUM TKHBOM, IPaHYJIALMOHO TKHMBO KOj€ HACTAje HA MECTY IOBpEJe MMa MHOTO
Behu npouenat konarena tumn Il y onnocy Ha konaren tun . Yak u HakoH nenoama MMP
konaren tun IIl Huje y moTnyHocTH 3aMereH KomareHoMm Tumn [, 300T yera OJKHIBHO TKHBO
HUKa/ Hehe UMATH MOTHYHH MHTETPHTET M MOTHYHY () yHKIIH]Y Kao HenoBpeheHo TKkuBo (62).
dopMupameM 0KHBHOT TKHBA NMOTpeda 3a HOBHUM KPBHHM CYJOBHMA Omaja, 300r wera
JIOJIA3H JI0 CMAEHE eKcnpecHje (hakTopa KOjH MPOMOBHINY aHruoreHesy, kao mro je VEGF.
Ca npyre crpaHe Joyia3d [0 aKTHBaLMje HMHXMOHMTOpa aHrHoreHese Koju omoryhasajy
anonTo3y CYBHINHUX eHaoTenHuX henuja u paszrpagme ELIM oko HOBOOpMHpaHHX KPBHHX
CY/I0BA LITO BOJM [0 HHXOBE pecopmiuje. Y 3aBHCHOCTH 01 BEIMYMHE 3aXBaheHOT TKHBA,
thaza maTypaumje MOXKe TpajaTH Mecenuma U rojguHama. [lo 3aBpuieTky npoileca Matypaiuje,
OKHMJbAK MMA MAFy YBPCTHHY H eJACTHYHOCT y nopehemy ca 3apasum enurenom. Jonaszu go
npoMeHe Tekctype u Ooje, okmipak je 30or mpoueca perpecuje aHruoreHese 6nehm on
OKOJIHOT TKHBA jep HeMa KPBHHX CY/A0Ba. 300r HENMpPaBHIIHE PACIIOENE MEIAHOLMTA OKUIBHO
TKHBO MOXe OWTH XHIEp WM XWMOonurmeHtucaHo. HepaBuoTexa OBHX mpoueca MOKe
JIOBECTH JI0 MIPOIYKEHOT U HeaeKBATHOT 3aPacTara PaHa.
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1.2.3. Komminkauuje pana

Bpojuu ¢dakTopu Mory yTHIIATH Ha MNpolec 3apactama paHa. KoMmnukamnujama cy
HAJBHILE IMOJJIOKHE XPOHHMYHE PaHe MOMYT yiuepa, AujadeTecHOr CTomana, HeKPOTHYHHX
raurpera (66). Hajuemtha xkommiukauuja je mnojaBa uH(EKIHje H3a3BaHA MATOTEHHUM
MHKPOOPraHH3MHMa IITO JOBOJAM JO MPOAYKETKa camor npoueca. Mukpoduononika
KOHTAMHMHAIMja crajga y JokanHe (akrope, 3ajelHO Ca 3pavueHheM, PAdHjaljoM, H3JIaramy
BEJIMKHM TEMIIEPATYpaMa MIIH XEMHJCKUM ar€HCHMAa KOJH MOTY JIOBECTH /10 omnekiuHa (67).
Heke ayroumyne OonectH, kao u jujaberec mory wunrepdepupatd ca HekoMm oj dasa
3apacTama paHa Wro Takohe MokKe 13 OUI0KH 3aTBapamke U perapauujy paxe. Omiure crame
NALHjeHTa, HCXPAH4, CTAPOCT, MOJ, TEJIECHA MAaca, MYIICHKE CY HEKH O] CHCTEMCKHX (haKkTopa
KOjH MOTY 3Ha4ajHo nopemeTuTH (aze 3apactawa pana (69). [Topen osora mosxke gohu u go
npoliieMa KOJ CaMOT OKH/bKA KOJU MOKe OMTH IpeBuiue ciad 1To JOBOJH 0 MOHOBHOT
OTBapama paHe M HacTaHka xepHHje (61). OkuIbAK ce MOKE jJaBHTH Kao XuneptpodupaHu
OKHJBAK, HIH Y ODIHMKY KEJIOMJa WIH BPEMEHOM, MOKE IIPOMEHHTH 00jy yCiie[ HaKyIUbama
XEMOCHJIEPHHA.

XpoHHYHE KOMIUIMKOBAHE paHe IMPeJICTaB/bajy COLMHjaIHH U (DHHAHCH]CKH TpobiIeM.
[MTaunjeHTH ca XPOHUYHHM paHaMa HUCY Y MOTYRHOCTH Ja HeOMeTaHO 00ABIbAjY CBAKOAHEBHE
obaBese u gocra nmaxme nocsehyjy nesn pane. Ca apyre cTpaHe Ievdere XPOHHYHHX PaHa
NPECTaB/ba BEIHKH (DHHAHCHJCKH TEpeT 3a 31aBCTBEHH cucTeM. Bemuku Opoj Jexkosa,
TONMHKAIHUX [PEenapara i MeJHIHHCKHX CPEeJICTaBa Ce KOPHCTH 3a 30pHIbaBamke paHa, a KaKo
je moHekas noTpedHO M XUPYPLIKO JIeHerhe Jonasu 10 nosehama DOTHHYKHX TPOLIKOBA 1ITO
Ttakohe maja Ha Teper 3apaBcTBeHOT cuctema (71,72).

1.2.4. Besa usmel)y pana u qujaderec mejnryca

Hujaberec memuryc (JIM) mpeacraBiba XpoHHUHY MeTaboMuuKy OoJjiecT Koja uMa
npesaneHuy o4 oko 500 MHIHOHA MAUMjeHATa HA CBETCKOM HHMBOY M MMa TCHJACHILH]Y pacta
(73). OcHoBHA KapaKTepUCTHKA OBE DOJECTH je XUIEPIIIHKEeMHja HAacTasa 300r HEJOBOJBHE
KOIIMYMHE HHCYJIMHA HIIH Pe3sucTeHlMje Ha uHeynuH. [locneania koHCTaTHE XHUIIepriinKeMuje
cy MH(IAMANMJCKH NPOLECH KOJH [0BOJE A0 MHUKPOBACKYJIAPHHX M MAaKPOBACKYJIAPHHX
komuukandja. Kox ocoba ca JIM cy kapauoBacKyiapHe KOMIUIMKAllHje, PeTHHOMATH]A,
HedponaTHja M HeypomaTHja Beoma uecte (66). 300r mpucyTHE HEypomaTHje, MAM]eHTH
ry0e ceH3uTHBHOCT nepuepHUX HEPaBa LITO MOXKE Ja JoBeje A0 u3ocTaHka ocehaja 0ona Ha
nepudepuju (74). OBo je Hajuenthu y3poK Mojase yiiepa Ha JOBHM €KCTPEMHTETHMA KOJI
nalMjeHata ca amjaberecoM jep MX malMjeHTH He npuMeTe Ha BpeMe. Kako maumjeHt He
oceha Oon, W yecrto He mpumerd yiauepe, Moxke aohu g0 moropmiama cramba y BHAY
npoiupea Ui uHGunupama paHe. OBakBe XPOHHYHE paHe ce ApYra4uje Ha3zuBajy H
nujabernuno cronano. Henaeue ctynuje cy mokazazie Ja ce KoJ nauujeHara ca aujaberecom
JlelaBa MpoLec OKCHIAUMOHOr cTpeca H nopemehaj y MMYHOJIOIIKOM CHCTEMY LITO 33jeHO
JIONPHHOCH OJiJIaTamky Npolieca 3apacrama pana. [loctoju nomatak ga ce koja 4ak oko 30%
nandjeHara ca aujaberecom passuja nujabetuuno cromano, a suine oja 50% Tux yiuepa ce
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HHOHIHpA WITO CE€ HEPETKO 3aBPIIABa aMIyTAMjOM Jiela JomuX excrpemutera (75).
Hajuenthu uzazusaun uudexuuja cy rpam nosutuBHe Oaktepuje (Staphylococcus aureus,
Streptococcus pyogens, Corynebacterium diphtheria, Enterococcus spp.), TpaM HEraTHBHE
bakrepuje (Pseudomonas aeruginosa, Escherichia coli, Klebsiella pnewmoniae) u ripuBHLIa
(Candida spp., Aspergillus spp.) (71,76).

BpojHu natou3Hon0ImKH MeXaHH3MH CY OJTOBOPHH 3@ HACTAHAK XPOHMYHHX PaHa U
IBHXO0B OJIIOKEH MPOIIEC 3apacTamba koJ naudjenarta ca JIM. 36or anontosze T-mumdbouura u
noBehanor ocnobahama npouHgraMatopHux muTokMHa Kao mro cy TNF-a, IL-1 u IL-6,
JONIa3M JI0 CMameHa jJaYMHEe HMYHCKOT OArOBOpa M XpOHH4YHe uMIaManuje Hume ce
ycropaBa mpouec 3apactama pana (62,77). Heyrpodwunu, uuja je ynora ma darouuryjy
MHKPOOPraHu3Me, 01431 10 ryOuTka (yHKLMje U eKcnpecHje LHTOTOKCHYHUX €H3HMa KOJH
3a MOCJIeUILY UMajy IPOIOHrupany HHMEKIHj)y u ocobahambe BelHKe KOJHYHHE CIOOOAHHUX
paaukana. bpojue yiore, kako y uHiaManuju tako U y nponudepannju umajy makpodaru
yHja jé aKTHMBHOCT JMPEKTHO HapylieHa koj aujabereca. Maxkpodarun xoa JIM Bumie He
ocnobahajy VEGF koju je npoanruorenu ¢akrop, 300r uHera je cMameHa aHMHOTEHE3a.
McroBpemeno ponazu A0 jade eKCIpecHje aHTHAHrHOTeHHX (akrtopa mro takohe nosogu o
MHXHOH1LIM]e aHrHOTreHe3e. 300r CMAbEeHEe AHCHOTeHe3e HE CTBAPAjy Ce HOBH KPBHH CYJOBH H
JIONA3M JI0 JIOIIE TPOKPBIBEHOCTH W OKCHIEHAIMje TKHUBA INTO 134 TIOCHEIHIY MMA
npoaykaeawe (haze nmpomudepauuje (78). Kon maumjenata ca JIM, nonazu 1o cMmamema
TIMP-a 360r uera jgonazu jo npesenuke excnpecje MMP-2 u MMP-9 u npesenuke
JIecTpyKLHje ekcrpanenynapHor matpukca. [lopen 3HauajHOr yTHIaja HA oJularame mpoueca
nponudepalmje, MeTaIonpoTenHase Takohe HapylaBajy M mpoiec pemMojIesioBama, jep 30or
HBHXOBE IIPEBEIIMKE AKTUBHOCTH HE Moke ce nocruhu mpaBunHo (opMmupame 4BpCTOr
okusbka. Ca apyre cTpaHe, 1071434 10 CMamkbeHe MHUTpalMje u akTHBHOCTH (ubdpodiacra, mto
pesyiTyje CMameHHUM CTBAPAmEM IPAHYIALMOHOT TKHBA KOje je HEOIXOIHO 33 MPABHIHO
zapacrame pana. OuOpodracTH He CHHTETHINY [JOBOJBHY KOJIMYHHY 3PENOr KOJIAreHa, a
keparuHouutH koa JIM rybe crnocobHocT Murpamdje u npoaudepaimje HuMe ce oJIaKe
sapacrame pana (79). [lopemehaju y mMerabonusmy yribeHHX XuapaTa W JIMIM[E, 3aje/HO ca
dakropuma pH3MKa Ka0 IITO CY NYIICH:E, TOja3HOCT, HENPAaBWIHA HCXPaHa, J0BOjAE 10
noeehanor ocnobahama cnobogHuX pagukana u nojase okcugauuoHor crpeca (80,81). Tavan
MeXaHH3aM KOjUM aujabetec yruue Ha Op3uHy 3apacTama paHa joll YBEK HHJE JIETA/BHO
pa3jalmbeH Kl ce CMaTpa Jia u3a3uBa npojaysketak HHduamaimjcke daze U oMeTa 0O/IBHjamke
thaze nponudeparmje (73).

1.2.5. [puHuHIH Jeyera paHa Koj| NauHjeHara ca qjujaderecom

[lpoyuaBameMm 3apacTama paHa H yTHUAja aujabereca Mokemo mnpoHahu HoBe
npuctyne y Ttpetmany pana. Jlamac ce Benmuku 6poj ctyauja dokycupa Ha AeTasbHO
HCIUTHBAKE MEXaHH3aMa u (akTopa KOJU YTHUY HA 3apacTame paHa v yTuiaja aujaberec
MeIMTyCa Ha MosieKynapHoM HuBoy. Otkpuhe HOBUX MexaHuzama W yruuaja Gpakropa Ha Te
npouece Moke 1OMOhM y NpOHANAKEeHWY HOBHX IUUBEBA M HOBHX HAYHMHA JICHCHA.
KoHBeHUMOHAIHO Jieuere paHa Cce 3aCHHBA HA MEJIMKAMEHTO3HO] TEPANHjH: NPHMEHOM
OpAJIHUX AHTHMH(IAMATOPHUX JIEKOBA, NMPHMEHH CUCTEMCKHX M TONMMKATHHX aHTHOMOTHKA,
AHTHCENTHKA M XUPYPIIKOM nedewy. Koj HekuX THHOBA paHa ce caBeTyje NpHMeHa
HOJIMYPETAHCKUX (PUIIMOBA M [IEHE, KA0 M NMPHMEHA XHAPOTeJI0Ba M XHAPOKOIOHAA Y LHIBY
xuaparanuje, xnahewa u ananrerckor edexra (81,82). [Tocroje u npyre Tepanuje xKao mTo je
Tepanuja XUIepOapuYHUM KHCEOHHMKOM, Tepandja (hakropuma pacra, Tepandja MaTHYHHM
henujama, umyHomoaynauuja u wmHore apyre (82,83). Ilpumena ersosoma cmamyje
uH(IaManujy, 1o00JpIIABA AHTHOTEHE3Y W CTBAPAE KONATEHA IITO MMA MO3HTHBAH YTHLA]
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Ha Op3uHy 3apacTtama paHa (84). 36or mane edMKACHOCTH H BeIMKOr Opoja HEKE/heHHX
edexara cTpyumanu ce okpehy xa pazBHjarky HOBHX TEPANMjCKHX CHCTEMA H KA HPHUPOIHO]
MEJULHHH KOja je [MOKa3aia W3BAHPEJHe Pe3yiTaTre y in vivo CTyIHMjaMa Ha KHBOTHHAMA H
wpyauma (81-83,85-87).

1.3. Ynoza nexosumoz ouwa y unghexuuju

Hudexuuja manac npeacrapba jegad o Bogchux mpobiema Kako y pasBHjeHHM
3eMIbaMa, TAKO M y 3eM/baMa y pa3Bojy. [latorenu Bupycu, Oakrepuje, r/bHBHLE H NAPA3UTH
Cy TTIaBHM H3a3MBa4H 3apa3Hux Oosectu. 300r HepalHOHATHE M HEKOHTPOIHCAHE NPHMEHE
KOHBEHIMOHAIHUX AHTHMHKPOOHHMX JIEKOBA J0Ja3d [10 [ojaBe pesucTeHuuje. bakrepujcka
Pe3HCTEeHIIH]a IPEICTABIbA BEIMKH MPOOIEeM 3IPaBCTBEHOr CHCTEMa jep qonasu a0 nosehama
TPOLIKOBA M Hopacta cTtome kKomopbumurera u Mopranutera (88). Cee Beha mnojasa
MYJITHPE3UCTEHTHHX COJEBa HAa Koje aHTHOMOTCKAa Tepanuja BHINE HE MOMKE Ja Jienyje cy
Y3POK CKOPO MOJOBHHE cMPTHHX ciay4dajesa (89,90). TpenyrHa cutyauuja y odmacty jeuema
uHbpekuuja je Ha 3abpumbaBajyheM HHBOY M 3aXTeBa MPOHANA3aK HOBHMX JIEKOBA, HOBHUX
CYIICTAHUM MM HOBHX CHCTEMa 32 OJ0paHy O] HATOTEHHX MHKPOOPTaHH3aMa H HHXOBE
pesuctenuuje. CranoBHunu Asdje ce Beh OyKM BpEeMEHCKHM TEpHOJ OCTIamka)y Ha
TPaJAUIMOHAIHY MEUIIUHY KOja ce 3acHMBa Ha npuMenu Ousbaka (91,92). [Tosuaro je jom of
JaBHUHA 14 ce oapeheHe DMIbKe KOpPHCTE 34 CIOBALIGY H YHYTPALlhY YHOTpedy y Jedewny
pasHux o000/beHa, Ka0 ITO CY HH(pEKIMje pecnupaTopHUX MyTeBa, KokHe HHpEKH]e,
uH(ekuuje pana. 300r Tora ¢y JaHac HCIIMTHBAKA KOja y OKYCYy HMajy MOTEeHUH]an OHBHUX
nekoBa y excrnansuju. Pahena cy OpojHa in vitro u in vivo HCTpaKHBaHka Koja Cy IOTBpAMIA
na ogpelieHe OMIbHE BpCTE MIIM H30JI0BAHE CYICTAHIE THX OW/BAKA HMAJy H3Y3eTHO
aHTUMHUKPOOHO nenoBawe. Teprenu, nmonudeHoNH, TAHHHH, ATKATOHIH Cy CAMO HEKE O[
XEMHJCKHX TPYIa CYNCTAHIH 33 KOj€ je JOKa3aHo J1a MMajy aHTHMHKpoOHo nenosame. [lopen
M30JI0BAHUX CYICTAHLM, PA3IHMYUTH (DPUTOMPENApAaTH KA0 IUTO CYy EKCTPAKTH, €TAPCKA ylba,
y/bd CEMEHKH M MHOTH JIpYrH. AHTHMHKpOOHa akTHBHOCT cuOupckor Oopa je gokazaHa in
Vitro MCTIMTHBAKBLHMA, QM Cy HCIUTHBAMkbA HA JKUBOTHHaMa orpanuuena (2,32,52,54). C
003upoM Ha nobap morenuujan Owio OM 0J] BENMKOr 3HA4YAja OAPAJMTH UCIHTHBAHKA HA
SKHBOTHE,AMa Koja Ou notBpauia oee edexte u yBena ynorpedy cubupcekor 6opa y KIHHHYKY
npaxcy.

1.4. Ynoza nexosumoz ounva y unpnamanuju

HMudnamanuja je y OCHOBH €THOJNOTHje MHOTHX 000/beHa Kao wwTo cy aujaberec,
rojasHOCT, acTMa, KaHUEp, KapadosBackynapHa obosmsema (93-96). Oua npeactaB/ba BHJ
on0paHe opraHu3Ma oj cTpaHux (AKTOpa Kao IWTO CYy MHKPOOHOIOLIKH, XEMHjCKH H
(M3MYKK areHcH, AKTHBALMJOM HMYHCKOT OATOBOpa. AKTHBALMja MMYHCKOI OArOBOpa H
npoueca uHbaamanuje obyxsara Benuku Opoj hemuja u ciokeHHX MexaHuzama. bpojHu
XEMHjCKHM MEIHjaTopu Koju motudy oj hemuja Gene kpBHe sno3e (MacTOIMTH, HeyTpoduiIn,
MOHOIMTH) UMAajy OUTHY perynatopHy yJaory y npouecy uHdpiamaumje. AHTHHHGIAMAIH]CKH
edeKaT ce YrIaBHOM IMOCTIKE MHXHOMIIMJOM NPOMH(UIAMATOPHHX IIMTOKHHA H MEIHjaTopa
zanasberba (97). TpeHyrHH TepanujcKu NPUCTYII e CBOJM HA MPHUMEHY KOPTHKOCTEPOHJIA H
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HECTEPOMAHUX aHTHHH(IaMaTOpHUX JekoBa. [Tpobnem ce jaBiba Ko MeTaboMHUKHX DosecTH
KO KOjUX je HpHCyTHa CTajHa HH(IaMandja U MocToju mnotpeda 3a 4ecTOM MPHMEHOM
antuuHpIaMauMjckux JexkoBa. KoHCTaHTHAa NpUMEHa OBMX JIEKOBA MOXKE Ja JOBeae 10
nojaBe TEIIKHUX HEKe/beHHX edexara u moropuiama crama mauujeHara (98). 36or ceera
HABEJICHOT, HAYYHA JABHOCT je y (JOKYC CBOJUX HCTPayKHBAMbA CTABUIIA JCTAJBHO IIPOYYABAHE
MexaHu3ama uH(IaMalnMje KOJH UM MOTY OJIAKINATH TIOTPAry 3a LHJbHHM MOJIEKYJIOM Ha KOJH
HOBH aHTHUH(IAMAIMjCKH areHc Moxke ga jenyje. Kako je mpaguuuoHanHoM ymnotpebom
Owbaka nmpuMched wBUXOB H00ap MoTeHIMjan, faHac ce 00aBba BETHKH Opoj HCTpaKHBAMbA
OWBHHMX BpcTa M3 CBUX jAesoBa cBera (99). dDinaBoHOWAM, TEPIEHH, TAHHHHM KAO TJIABHH
CACTOJUM EKCTPAKTHBHHX IIpelapara; M nojuHezacuheHe MacHe KHCEJMHE Kao CAcTOjlM
npupoaHo ueheHux yiba uMajy goxazano antuuHpnamaupjcko genoeame (100). IToctoju
ojpehen Bpoj HCTpaskMBamKa KOjU Cy MOTBPAMIM aHTHH(IAMAIM]CKH edekaT yba cuOHPCKOT
0opa U NHMHOJIEHCKE KucenuHe, MehyTuM e)eKkTH eTapcKor yiba jOlI YBEK HHCY HCITMTHBAHH

(23,29).

1.5. ¥Ynoza nexosumoz ouwwa y okcudauuonom cmpecy u oujademecy

CnobogHH pajJMKalld HACTA]y Kao pe3yaTrar OpojHHX MeTaDONMHYKMX peakiuja y
OpPraHu3My O] KOJUX C€ OpPraHM3aM 4OBeKa OpaHu (M3MOJIOMIKHM AHTHOKCHIATHBHHM
cyncraHuama, Mehyrum Kaja KoHUeHTpauuja cino0oaHuX paaukana npele kamauumrter
AHTHOKCHJAHCA 034 J0 M0jaBe OKCHAAUMOHOT crpeca. OKCHIALHOHH CTPEC NMPEeICTaBiba
BeIMKHM (hakTop pH3MKa 3a pa3Boj Opojuux merabonmuukux obomema, usmehy ocranor u
nujabereca (101). OxcujgallMOHH CTpec HACTaje HHU30M peakiMja PeakTHBHMX BpCTa
KHCEOHHKA M a30Ta HPH 4YeMy HACTAJy MPOOKCHAAHCH KOJH Kajna ce Hally y Belukoj
KOHLEHTPALHjH MOry Aa M3a30By mopemehaje CHrHaiHMX myTepa, omTeheme MoyeKkyna u
henuja (102). Hajuemhu npooKcHaaHCH KHCEOHHYHE BPCTE CY: CYNEPOKCHI aHjOH pajHKal
(02), xuapokcun pamgukan (OHe) u Bogonuk nepoxcun (H:0:); a aszorne Bpcre: azor
moHokcuj (NO), azor muokcup paguxan (103,104). [IpupoaHu aHTHOKCHIAHCH OpraHH3Ma
4OBEKAa MOTY OMTH €H3MMCKM M HeeH3uMckd. OJ eH3MMa KOju y4decTByjy y oabpaHu
OpraHu3Ma TMO3HATH Cy: cymepokcuja gusmytaza (SOD), karamaza (CAT), rayratuon
nepokcHaaza (GPx), rmyratuon peaykrasza (GR); a ox HeeHzuMckux cy: o-Tokodepon, -
kapoteH, sutamut L{ u ryratnon (GSH).

KoncTanTHa XunepriaukeMHja Ko ocoba ca aujabetecoM y3poKyje TITHKO3ZHIAIM]Y
NPOTEHHA YHje HaKyIUbame u3a3ueBa owreheme TKHBA M Ipyre KoMIUIMKauWje aujadereca.
dopMupame pPeaKTHBHUX KMCCOHMYHMX BpCTa M3azuBa JUChHYHKIMY eHmoTenHux hemwuja
KPBHHX CYJ0Ba YMME ce MOTY 0o0jacHuTH KapauoBackyaapae koMmmiukanuje (97). [Mopen tora
JI0ona3u 0 yTHlaja Ha mnepudepHe CEH30PHE HEPBE IITO Y3POKYje HEeYPOIaTH]y KOJ
nauujenata ca aujaberecom. [lozmato je na Gpojum Merabonutn Owibaka Kao WWTO Cy
nonudeHOH U (IAaBOHOMAH UMAjy 100ap aHTHOKCHIATHBHM KanmauuteT (57,105). Mehyrum
THI eKCTPAKLUMje M BpCTa OWMJBHOT MaTepHjana 3HATHO YTHYY HA  KOJIHYHHY
AHTHOKCHAATHBHUX areHaca. Kox McnuTHBama aHTHOKCHIALMOHOT MOTEHIMjaTd CHOHPCKOT
00pa NoCTOje KOHTPAJAHKTOPHH PE3YITATH. AHATHIOM PAa3IMHHTHX BPCTA €KCTPAKATA jeiHA
rpyla HAYYHHKA TBPIH jAa cHOMpcKH Oop uMMa j00ap aHTHOKCHAALMOHH MOTEHUH]jAN, 0K je
JIpyTa rpyna Hay4HHKA J0Ka3ala [a je Taj NOTCHLUMjall jaKo Malu W HEeJOBOJbaH 3a 0J0paHy
o cnoboauux pagukana (2,53,58).

21


















































































JlokTopcka mucepranuja Mumuia Hukonuh

4.3.3. Tecr uenrpudyrupama

HcenutuBame je moKazano a U HAKOH TPHAECeT MHHYTA HeHTpudyrupama Huje Ouio
3HAKOBA (M3MYKE HECTAOWIHOCTH, Tj Y30PLUH CY OCTAIH CTAOMIHH M HETIP OMEHE HH.

4.3.4. UcnuruBame npoobuBocTH H pH BpeanocTu

Onpehusame nposojybuBocTd U pH BpenHocTH je paheno Ha TonukanHoj GpomMynanuju
tuna rena. [Ipahene cy npomene y unspy nopehema Oaze rena (ren kapbomepa) M rena ca
HHKOPIIOPHPAHUM €TApCKUM yJbeM cubupckor Oopa. Pesynratu npoBogsusoctn u pH
BpeaHOCTH cy npukasane y Tabdenun 12, rae ce Moke BUIETH Ja JOJATAK €TAPCKOT yibad Y Tell
0azy Huje yrunao Ha npomeny pH BpeaHocTH, 10K ce eJeKTPHHHA NPOBOABHBOCT HE3HATHO
CMAHIIA JOJATKOM ETAPCKOT YIba.

Tabena 12. pH BpeaHOCT H eJeKTHYHA MTPOBO/UBHBOCT Npenapara

HenuruBanu y3opak pH Bpeanoct EjexTpuuna
npoBoiLHBOCT (US/cm)

I'es1 6a3za 5.84+0,11 77,50 £ 0,56

I'es1 ca cubnpekuM dopom 6,21 £0,14 72,5+ 0,67

[Tpukaszane cy BpeTHOCTH Kao Cpeba BPEIHOCT + cTaHaapaHa aesujanuja (n =3)

4.3.5. Peosouke ocoduHe TONHKAJTHHX opMy/ialuja

Peonomkom aHanu3oM npenapara THIIA Tela M MAacTH, ca M 0e3 101aTKa eTAPCKOT Yba
cubupckor Oopa ce MOKe 3aK/bY4HTH Ja cBe (hopMyJIalndje MOoKasy]y THKCOTPOIHO
nonamawe. Kpuse nporunama, Koje MOKa3yjy 3aBHCHOCT HANOHA CMHL@ka 0f Op3uHe
CMHIaFha IPH KOHCTAHTHO] TeMnepatypu o1 25° C, rena u MacTH (ca u 6e3 10JaTKa eTapeKor
yiba cubupckor 6opa) mpukazanu cy Ha ®urypu 6. Ha peorpamy ce BHIM TPHCYCTBO
XHCTEpe3He noBpiuuHe Koa 0be dopmynanuje mto noTephyje THKCOTponHO noHamame. OBa
BPCTA IOHALIAKA NMPOTOKA j¢ KAPAKTEPHCTHYHA 33 IeJIOBE M MACTH M IPEACTABIBA JKEJbEHO
CBOJCTBO TOIHKAIHUX Npenapara. ¥ MactuMa ce hopmupajy ciabe Beze u3Mel)y HemonapHux
KOMIIOHEHATA Koje nyuajy npu cMmuniamy. [Ipumeheno je m1a ce BUCKO3UTET MAacTH Mamyje ca
nosehamem Op3une cmumama. Kaga cy y nuramy reloBH THKCOTPOIHO TEYCHE je
KapakTePHCTHYHO 334 HbHX jep Ce IIOJIOMEPHH JIAHIM I[PH CMHUIAKY pacnagajy. Takobe
BHCKO3HTET rejia ce cMambyje ca nosehamem Op3uHe cMulamba.

Pesynratn Tecta aMIUIMTYAHOT OCLWIATOPHOT MEpEHa 3a CBE TECTHPAHE
tdopmymnanuje cy npuxkazanu Ha Ourypu 7. EBHIEHTHO je J1a je 3a ¢Be MCIIMTHBAHE Mpenapare
Moayn uysawa (G') 6uo Behu on monyna ryburka (G") y UMTABOM OIICETy NMPUMEHCHHUX
(hpekBeHIIMja, WITO HEJBOCMUCICHO yKa3yje Ja Cy ce y AaroM ormncery (pekBeHIHja CBH
HCIUTHBAHHU MPEnapaTH NOHAINAIM KA0 BUCKoenacTHuHe uBpcete marepuje. Jlogasawe EYChH
y (hopmynanujy rena HHje M3a3BAI0 NMPOMEHY BHCKOEITACTHYHHMX CBOjCTABA, JOK j€ HETOBO
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cyndamuazuncka rpymna; Mb-mact 6a3a; I'b-ren 6aza; CbM- mact ca cubupckum 6opom;
CBI'- ren ca cubupckum dopom.

4.6. 3apacmarme pana

4.6.1. bp3una zapacrama pana

ExcnepumenTanHe KUBOTHEbE ca NOTBpheHHMM aujaberecoM M PAHOM H3a3BAHOM
METO[OM EKCLH3Hj€ CY CBAKOIHEBHO TPETHPAHE OJroBapajyhuM TONMKAIIHMM NpenaparoM, a
HNpPOMEHE Cy eBHJIeHTHpaHe U oTorpaducane HyITOr, CEIMOr, YETPHACCTOr H [IBA/ICCETIPBOT
nana. Ha Ciamum 1. ce Mory jacHO youdMTH NPOMEHE M CaM HPOLEC 3apacTama paHa
NPUMEHOM TONUKaIHUX npemnapata 1% cpebpo cyndaauazuna; daze MacTu; da3e rena; Kao u
MACTH M TeJld ca eTapCKuM yJbeM cubupckor 6opa TokoM Tpu Henelbe. Ha ocHoBY u3mepene
BEJIMYMHE PAHEe M3PAYyHAT je NMPOLEHAT KOHTPAaKuMje, a JOOHjeHH Pe3ylnTaTH Cy IPHKA3aHH
Ha ©®urypu 9. Beh nakon Henes/by JiaHa je npuMeheHo J1a M MAcT M TeJl ¢4 HHKOPIIOPHPAHHM
EVYCbE mmajy 6ospn edexar Ha 3apacTame paHa y 0JHOCY Ha KOHTPOJIY M NpHMEHcHE Oaze.
[Tpumehena je MHTEpecaHTHA YMILCHHIA J1a j€ MPOLEHAT KOHTPAKIIMje PaHe TPETHpaHe ca
CBbM ceamor nana ucnuTHBamba OMO 3Ha4ajHo BehM O MO3MTHBHE KOHTPOIE THE je paHa
TperupaHa ca cpebpo cyndanuazunom. Hakon uerpHaect nana najehu npouenar 3apacrama
pane npumehes je y rpynama tperupanuM CBM (89,86%) u CBI” (81,84%), mto HaMm ykazyje
HA TO Ja je NpUMEHA NpenapaTta ca eTapckuM yJbeM cuOMpckor Oopa mnokasana Opike
3apacTame PAHA Y OJHOCY HA KOHTPOJIHY IPYIY H Y OJHOCY Ha TPYIE TPETHPAHE MOUI0TaMa.

Ynopehusamwem edexra mMacTu M reia ca eTapcKMM YIkeM cHOMpckor Dopa Huje
3abeneKeHa CTATHCTHYKM 3HAYAjHA PAIMKA, MAKO CE€ M3 NPUIOKEHHX PE3yITATA MOKE
NPUMETHTH [a MPernapar THIA MACTH UMa HE3HATHO 00JbH eeKaT y OJHOCY Npernapar THIA
rena y cBUM TpeHyuuMa npahema, ogHocHo v 7, 14, u 21, nany. Ha xpajy ekcriepuMeHTanHOT
NPOTOKOJA, HOCHE TPOHEIE/bHE JIOKAIHE MPHMEHE TONHKATHHX (hopMylauuja, KUBOTHHGE
tperupane ca 0,5% EYCB mactu u 0,5% EYCb renom nokasane cy 3Ha4ajHO 3aTBapaimbe paHe
y nopehemy ca xourponuom, Mb u I'b rpynama. Ca npyre crpaHe, Mako je MakcHMasaH
MPOLICHAT 3aTBaparka pane npumched je y rpynama CbM (98,14%), CBI" (96,28%) uuje duo
CTATHCTHYKH 3Ha4ajHe pasnuke y nopehemwy ca CCJ rpymom.
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5. Auckycuja

[Mocnenwux roamua, y HacTojamy aa ce npoHahe edukacan u 6e3benan npenapar 3a
TPETMAH PaHA, HCTPAKMBAYH CY CE CBE BHLIC YCMEPHJIH HA MPOYHYABAKE PAIHYHTHX BPCTA
Owbaka, Koje Cy TMO3HATE M0 Pa3HOBPCHOM (DUTOXEMMJCKOM CaCTaBY M OMJIHYHO]
euxacHocTi. C 003upoM Ha TO J1a OPOjHH MpenapaTH KOjH ce KOPUCTE 3a JOKAIHY NPUMEHY
4YeCTO H3a3MBAjy HPHUTALMjE W/MIM AIEPTHjCKE peakiMje, HAYYHHMIIM CY CE CYOYMIIH Ca
BEIIMKUM H3a30BOM — ja mposalyy arence koju he Outu Oe30eanu, y3 MUHHUMAanaH Opoj
Heke/beHUX edekata, a ucTOBpeMeHO o00e3benutu u3BaHpenHy eduxacHoct. TpenyrHH
NPOTOKOJIH JICYEHbA PAHA 3ACHOBAHM CY HA MPUMEHH Pa3IMYUTHX AHTHCEITHKA, AHTHOHOTHKA
H aHTHHH(IAMATOPHHUX JIEKOBA, KOjH 4ecTo UMajy OpojHe HexkelbeHe edekTe, yKbydy)yhu
pa3Boj DakTepujcKe pesucTeHIMje. Y cBeTy BHINE O] 8 MWIHOHA maldjeHara Doayje of
Pa3IMYMTHX BPCTA paHa, ca WK 0e3 KOMIUIMKALMja, To cBe Bume onrepehyje 3apaBcTBeHu
cucTeM M yrude Ha pactyhe Tpomkose sedema. 300r TOra je OCHOBHM LHJb MCTPAKHBAHA
pa3Boj HOBHX M edMKACHHMX cTpaTerdja koje he yHampeauTH Mpolec 3apacTamba paHa |
no0OJBIIATH CBAKOIAHEBHE AKTHBHOCTH IIALMjeHATa. Y TOM KOHTEKCTY, Pa3BOj HOBHX
topmynamnuja Ha 0a3u eTapcKor yiba cMOMpCKOT Gopa mpeacTaB/ba MOTEHIHJATHO Pellehe,
3aXBa/byjyhH HErOBOM IIHPOKOM CIEKTPY 4KTHBHOCTH, YK/by4yjyhu anTHOKCHIaTHBHE,
anTHUH(IAMATOPHE M AHTUMHKpoOHe ocobuHe. BuleBekoBHa TpaauiiMoHaTHA ynotpeda
OBOT €TApCKOT YJbd, Y3 OrpaHudcH Opoj CTyaHja Koje HCTPaKYjy Heropy Oe3bemHocT M
e)MKACHOCT, MPEeICTaB/bajy TIIABHE pa3ziore 3a u3dop cudupckor Dopa Kao TeMe 3a jJaiba
UCTpaKHMBamka. 300r cBera MNPETXOQHO HABEAEHOT, IIPHCTYNHIH CMO  JIETAJBHO]
KapakTepH3alHju eTapcKor yJba cubupckor Oopa mpu Kojoj je oapeheH KBanuTaTHBHM M
KBAHTHTATHBHH CACTAB AKTHBHHX KOMIIOHCHTH. YTBphHBameM KOMILUIETHOT CACTABA, YBHJIECIIH
CMO j1a TpeDa MCIMTATH iR Vitro AHTHOKCHJIALIMOHY AKTHBHOCT ETAPCKOT YJba cubupekor dopa
4yuju pe3yaratu cy Ouwnm obehapajyhu. Pesynratu oBUX aHanmuza ¢y HaM MOMOIIIH Y OJUTYIH
[la YIIPABO €TAPCKO Y/be CHOMPCKOr DOpa MCKOPHCTHMO Kako Ou (GOpMyIHCAIM AepMalHe
npernapare 3a JOKaJHy Tepanujy aujaberecHux pana. [Ipunukom dopmynaiuje TONMHKAITHUX
Hpenaparta carjiefald CMO TIPEJHOCTH M HEJOCTATKe pa3nu4uTuX (hapmaueyTckux odiImka ca
acrmekta (hapMalleyTCKe TeXHONOTHjE M Pa3BUIM AcpMaiHe (opMmynanuje 3a JIOKATHY
OPUMEHY THIA MacTH W rema. HakoH mpumpeme npemapara MCHHMTAHA je CTAOMIHOCT Yy
HepHoIy OJ1 LIECT Meceld Kako OM yTBPAWIM Ja i OM OBAKBM NPOH3BOAM OWiIM cTabuIHM
TOKOM JyKer BPEMEHCKOT IIEPHO/a aKo OH ¢ MOTEHUH[aTHO HALIUIH HA TPKHUILTY.

Y gpyrom [Jeny HCTPaKHBAaKkAa CMO MCIHMTHBANH OezbenHoct  dopmynucaHux
TONMHKAIHUX Mpernapara npu 4demy je xopuumheHn TecT akyTHe aepmanHe uputaimje. Kako
uH(dIaManuja mpeacTaB/ba jeaHy O HajouTHHjuX (daza y mpoiecy 3apactama pasHa,
aHTHHH(DIAMALM]CKH e()EKAT je MCIIMTAH Hd AHUMATHOM MOJENY KAPAreHAHOM HHYKOBAHE
uHpIaMamnuje npu demy je npahena cnocobHocT npenapara jia cMambi HHpIaMaImjy.

Tpeha daza cryauje oOyxBaTuia je CHCTEMATCKO HCIHMTHBAKE e(QHKACHOCTH
TOMUKANTHUX (hapManeyTcKux GopMynaiuja, MacTH M Tela ca MHKOPIOPHPAHUM ETaAPCKHM
yJbeM cHOMpCKOr 00pa, NPUMEHEHHX HA EKCICPHMEHTAJIHOM MOJeNy I[IailoBa ca
HHAYKOBaHUM gujadetecomM Tun 1. MeTOMOIOMKY NPUCTYN j€ YK/bYHHBAO PA3IMHMUTE BPCTE
ananu3a. JlyroTpajHa npumeHa JAepManHuMX Tipemapara mnpaheHa je Kpo3  AeTalbHY
MAKpOCKOICKY OICEPBALM]Y NPOLEca 3apacTama, IITO je OMOryhHio npoueHy BHIJBHBHX
napaMeTapa pereHepausje Tkupa. lakohe cy cnpoBeieHe orncexHe OMOXEMHjCKE AHAIH3E
KOje CY NpPYXKHUIE YBHJ Yy MOJEKYJIApHE MEXaHM3ME J[elOBakha AKTHBHHUX KOMIIOHEHTH
npenapata. JlomaTHo, naTonomKa aHanM3a TKUBA omoryhuna je npeumsHy npoueHy
HEeNyJIapHUX H CTPYKTYPHHX NPOMEHA TOKOM mpolueca 3apacTtama. (OBaKaB HHTErPUCAHH
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HPUCTYI HaM oMoryhaBa NmpoleHy TepanujcKor NOTeHIMjala eTAPCKOr yiba cubupekor Gopa
y Neuehy KOMIUIMKOBAHHX paHa MOBE3aHuX ca qujabetecoM.

5.1. Kapaxmepu3sauuja emapckoz y.sa cudupckoz oopa

5.1.1. XeMHjCKH cacTaB eTapcKor yiba

Y mnpBoj ¢azu ucTpakuBamka H3BPINCHA j€ JIeTa/bHA XEMMJCKa KapakTepHuialuja
eTapckor yiba cubupckor Gopa mpumenom GC-MS anamuze. OBa aHaIMTHYKA METOJIa
omoryhuna je uaeHtudukanujy 16 pazmHuuTHX XEMHJCKHX KOMIIOHEHTH, Koje uune 99,32%
YKYIIHOT CacTaBa AdHAIM3HPAHOT ETApCKOr YyJba. XEMHJCKA dHAlM3a je yKasana Ha
JOMHHAHTHO TIPUCYCTBO TEPICHCKE TPYIE jeAHmbed, ca IN0ceOHMM AKLCHTOM Ha
MOHOTEPIIEHE Ka0 HAj3acTyIUbeHH]y noarpyny. Mehy uaeHTH(HUKOBAHMM MOHOTEPICHUMA
HAjBHMIIE BPEIHOCTH CY TMOKazanu o-muHeH ca yaermom o 40,19%, npahen B-nuHeHoM
(19,64%) u 6-xapeHoMm (16,14%). 3Hauajan yaeo y YKYIHOM cacTaBy npunaaa u D-muMmoneny
ca 9,92%, 1OK Cy y HELITO HUKHM KOHIICHTpalHjaMa JeTekTosanu JoHrudonex oxa 3,18% u
xymyned onx 2,59%. Kommieran KBanuTarMBaH M KBAHTHTATHBAH CACTAB  CBHX
HACHTH(MKOBAHUX KOMIIOHEHTH TpejcTaB/beH je v Tabeaw 9, 1ok je muxoB rpaduuku
npuka3 gar Ha Purypu 5. OBakap XeMMJCKM TPO(MI CYrepHile MOTCHIM]JATHO 3HAYAjHY
OMOJIOIIKY AKTHBHOCT HCIIMTHBAHOI ETAPCKOr Yiba, nocedHO umajyhu y Buay mosuara
(hapMaKonoIKa CBOjCTBA JJOMHHAHT HHX MOHOTEPIEHCKHX KOMIIOHEHTH.

C ob3upom aa 3a erapcko yibe P. sibirica He moctoju (apMakomejcku cTaHgapa ca
KOJHUM C€ MOE YIIOPEJMTH KBATMTATHBHH M KBAHTHTATHBHH CACTaB, pesyinrate je Moryhe
ynopehHBaTi caMo ca HCTpaKHMBakHMMA KOja Cy CHPOBEAEHA OJ CTpaHe JApyrux ayropa. Y
nopeljermy ca MCIMTHBAKBRHMA CHPOBEJCHUX [0 CajJd, HALIE UCIMTHBAHO €TAPCKO YJbE je ¥
BEJIIMKO] MEpPH Yy CKJIaiy ¢a APYTHMM HCTPaKHMBAKHMA, Ca MamuM oacTymamuma. Kako je
HO3HATO J1a KOJIMYHHA XeMHJCKHX KoMoHeHTH EY 3aBucu oj paznmuunrux (axropa Kao wro
CY €0 M 3[paBJbe IPBETA, 3PENOCT MIINHIA, reorpadcka JIOKaluuja U roauilmke 100a, ’huMa
MOKEMO 00jaCHHTH Mama OJICTYMama OJ] pe3yiTara y HameMm ucnurupamy (11). [perxoana
HCTpaKHBaa Cy Mmokaszana jaa ce Hajsehu npouenar EY y urnunama moxke Hahu y nepuoay
o centeMOpa 10 oktobpa (2,8%), 10K je KOJ MHMIAPKH Taj IponeHat 3HatHo Mamu (0,5%) y
nepyoay oj janyapa no mapra (7). Anammsom EY cubupckor Gopa ca npocropa Kasaxcrana
JIOKa3aHo je Aa HajBehu y1eo KOMIIOHEHTH YHHE MOHOTEpIeHH, ca 66,8%, 1ITo je y ckiaay ca
HALIMM MCIMTHBAEM rjae je yrepheno npucyctso dak 88,62% MOHOTEpPIEHA, Ca O-IIHHEHOM
K40 Haj3acTym/beHHjuM npeactaBHUKoM (12). CactaB MoHoTepnena EY ce mano pasnukyje,
HapouuTo y norueay B-denannpena (11,2%) xoju y HalIeM y30pKy HHje HH HICHTH(HKOBAH,
U S-xkaguHeHa (6,3%) KOjH je y HAIIeM y30pKY 3aclyIlbeH y MHOTO Mamoj Mepu (0,27%).
[Toctoje ucTpakuBama Koja cy MoKaszana ga je caapskaj P-denmangpeHa u JIMMOHEHA J10CTa
Behn y erapckoM yiby M3 MIaMX TPAaHYMIA, INTO HAM JOKA3yje Aa J1e0 OWbKE H HeHa
CTApOCT MMAjy BEJIMKH YTHIA] Ha cactaB erapckor yiea (7). l'eorpadeko mopexino u
HAIMOPCKA BUCHHA 3HAYA]HO YTHYY HA CACTAB €TAPCKOT YIba, IITO je JOKA3AHO CTYIHjOM KOja
MOKAa3yje [1a je y etapckoM yiby w3 Mouromnuje 3a0enexeHo npucycTso -IMHEHa, a 0JICYCTBO
O-KaJIHHEHA 3a PA3IHKY 0J1 yJba nopexioM u3 Kazaxcrana (12). bpojuu pajioBu Koju ce THYY
KBAJMTATHBHOT M KBaHTHTATHBHOT cacraBa cubupckor 0Oopa Hucy OWIM JOCTYIHH Yy
HHJICKCOBaHUM OazaMa WIM Cy HA pycKoM jes3uky, anu je Rogachev (7) y cBoMm mperieHOM
paay odjequHHO cBe 0Be MHGOPMALHU]e, OJAKIIE MOKEMO 3aK/bYYHTH JIa CY PE3YJITATH HAIIEr
HCTPaKHMBAKA KOH3UCTEHTHH CA PE3NTATHMA HCTpakuBama paljenux Ha monapy4jy Cubupa y
Pycuju.
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CacraB ertapckor y/ba WM ekcrpakta P. sibirica nokasyje 3HadajuHe pasiuke. J{ok
€TAPCKO Y/be JOMHHAHTHO CaJPIKH MOHOTEPIICHE, Y3 IIPUCYCTBO CECKBUTEPIICHA Y Pacropeny
on 5 no 10%, y memy Hucy aetektoBanu (exonu u dhrasonouau. Hacynpor Tome, y 6ubHUM
EKCTPAKTHMA CY OBE KOMIIOHEHTE TMPHCYTHE, Maja y penatusHo manoM npouenty (0,21%),
IITO yKa3lyje Ha Pa3M4HUTe HOJAPHOCTH Je/IMbEHa KOJa Ce EKCTPAxyJy Y 3aBHCHOCTH O[
MeToje uzonauuje (7,26).

duTOXeMHMjCKA HMCTPAKHBAKA CY NOKA3ala Ja je MOopej CacTaBa €TAPCKOT yiba
AHATM3UPAH M XeMMjCKH npodui ocTanmux AenoBa OWIBKE, K40 M HHXOBHX CKCTPAKaTa.
ExcrpakTt kope 6opa je heHOTHUM jeIMHCTBUMA, 01 KOjHX j€ Haj3HAuajHUjH THHOCHIIBUH, KA0
u  (naoHouguma (kKemndepon, kBepueTHH, KartexuH) (126). Etwn-ameratHu excTpakT
cagpiku udak 45,9% deHomHUX KOMIOHeHTH, 300T dera cy Haj3aCTYIUBEHH]H NMHMHOCHIIBHH
(ctunben), kao u nmuHoUeMOpuH ¥ muHOOauKcuH (dnasoHounu) (18). Bomeno-aneToHCKH
eKCTpaKT ceMeHa cubupckor Dopa Takohe mokasyje U3y3eTHO BHCOK cajpikaj denomna (266 +
3,9 mg ranenor kucenuna/g) (16). [Tokazano je ga nuHOUEeMOPHH M MUHODAHKHMH MOCENY]Y
AHTHOKCH/IATHBHA CBOJjCTBA, HMHXUOUpA]y MNEPOKCHIALHW]Y IHIPOTEHMHA HHCKE TYCTHHE H
cMamyjy caapska] nepokcun  paaukana  (127). 30or wuzpaskeHe aHTHOKCHIIATHBHE,
aHTHHH(IAMATOPHE H AHTHMHKPOOHE aKTHBHOCTH, OMIJBKE Ca BHCOKHM caipikajeM (heHona u
¢1aBoHOHIA UMAJY IHHPOKY NPHMEHY Y MEIHIHHH.

KommaparuBsa aHanmu3a XeMHJCKOT CacTaBa eTApPCKOT yiba cubupckor Oopa w3
Pa3IMYMTHX PETHOHA YKA3yje HA 3HAYAJHY PA3IMYHTOCT Y 3aCTYILUBCHOCTH OHOAKTHBHHX
jenumberba. OBa pa3ziHKa je pe3ynTaT Kako €KONOMIKHX YCJIOBA CTamba, VKBYYYjyhu Mopcky
BHCHHY, reorpa)cKy JIOKaUMjy M KJIHMATCKE KApaKTePHUCTHKE, TAKO M YHYTPALIbEe 0COOHHE
came OHJBKE, KA0 WITO Cy pa3BojHa (a3a, reHe TCKH POl U MPUNAHOCT NPHIAJHOCTH.

5.1.2. AHTHOKCHIAUHOHA AKTHBHOCT €TAPCKOI Y/ba

CnpeuaBameM HaroMHJIaBama cno0OIHUX  pagHKama WUIH  jadameM
AHTHOKCHAIMOHE 3AlITHTE C€ OCTBAPYje AHTHOKCHIALMOHA AKTHBHOCT [EMIbECH:A
NPHPOIHOr MOPEeKIa Koja cy forara cyncTaHUaMa Koje caJp:Ke BEIHKH Opoj XHAPOKCHIHX
rpyla 1 KOBYTOBAHHX YITbOBOJAOHHYHHUX ABOCTPyKHX Be3a. MoryhHocT HaBeaenux rpyna aa
JIOHHPA]y BOJOHHK, HHXHOMpameM CI0DOIHHX paJuKala MOKE ce YOIasKuTH OKCHAALMOHH
crpec (128). KomOunammja oBakBUX CYNCTAHIM ce MOKe HahM y pasiH4uTHM JeJ10BHMA
OWBKEe 01 KOjUX C€ NMPHUOPEMajy €KCTPAKTH &M M Y eTapcKuM yibuMma. OBAKBH IPHPOIHH
NPOU3BOAN MMAjy H3y3eTAH aHTHOKCHIAUMOHH [TOTEHLMjal ITO OHIBHHUM NpenapaTuMa jaaje
MOTYhHOCT NpHMEHE y NPeBeHIUHUjH W Jie4dermhy BEIUKOr Opoja mopemehaja koju y cBojoOj
ocHOBH UMa]y okcugatmonu crpec (129,130). [la 6u nobwin npaBy CIMKY aHTHOKCHIAITHOHE
3alITHTE HAjOOIBE je YPaaUTH in Vivo HCTIUTHBAKE, aJlH JAHAC MOCTOjH BEIHKH Opoj in vitro
Meroja 3a oapehuBame aHTHOKCHAAMOHE AKTHBHOCTH €TAPCKHUX Y/ba, IITO 3HATO OJAKLIABA
NPENO3HABAKE AHTHOKCHIAIMOHOT TMOTEHHIMjana Ousbaka. 300T CIOKEHOT cacTaBa H
MHOTOCTPYKHX MEXaHHM3aMa AHTHOKCHJALHOHOT JENOBakha, 32 HNPOLEHY AHTHOKCHIALHOHE
aKTHBHOCTH ce npenopy4yje kopuinheme eher 6poja Tectosa (131).

[Tpumenom pazmmyutux [n vitro TectoBa 3a oxapeluBame aHTHOKCHIALHOHE
AKTHBHOCTH MCIIMTAHO J€ HA Y30PKY €TapCKOT yba cuOupckor dopa. CripoBejieHH TECTOBH Ce
3acHMBajy Ha TpaHcdepy enexkTpoHa y umiby Heytpanmuzaudje DPPH panukama, OH
paaukana, oapehuBamy peaykuuoHe crnocoOHocTH yiba Kopuithewmem FRAP Tecta, kao u
NOTEHLMjaly HHXHOMIMje nunugHe nepoxkcupauuje. Kao crangapn, y HCTO Bpeme cy
MCIIUTAHE M AKTHBHOCTH MORHMX, CHHTETCKMX AHTHOKCHJAHACA MONYT OyTHIOBaHOT
XH/IPOKCHTOJIYEHA, TPOJIOKCA M ACKOPOHHCKE KHCEIIHHE.
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Jenan on majuemhe xopumheHux TecToBa, 360T CBOje MPHUCTYMAYHOCTH W JAKOT H
Op3or uzBohemwa je TecT ojapehuBama KamalMTeTa €TAPCKOr yiba Aa Heytpanmuiine DPPH
paaukane. M3 pesynrata npukazanux y Tadean 10. ce Moxke BHIETH J1a je 3a HEYTPaIH3AIH]y
50% DPPH papukana motpebna xoHuentpaumja etapckor ymsa oa 1945 pg/ml wro je
MHOTOCTPYKO BHILIE HEr0O KOJ KopuinheHux craHap/a ackopOMHCKe KucenuHe u tponokca. C
003upoM Ha TO ga je Opoj CTyaMja KOje €Y HCIOUTHBAJIEC AHTHOKCHAATHBHY AKTHBHOCT
€TAPCKOT yJba CHOMpPCKOr 0Opa OrpaHud¥eH, JOOHjeHH Pe3yiTATH MOTY C€ YIOPEAHTH ca
HCTPaKHBaKUMA eKcTpakaTta oBe OwbHe Bpecre. Exctpaktu cubupckor Gopa moxasyjy
3HauajHo Behu aHTHOKcHnaTHBHM KanauureT (257 £+ 2,36 pg/ml), anu u name He JOCTHKY
eurkacHOCT MO3UTHBHHUX KOHTpoda (16). ITopen Tora, ucTpakuBamba ycMEpeHa HA aHATH3Y
AHTHOKCHIATHBHOT MOTEHIIMJAJIa €TAPCKUX yJbd BPCTA M3 poaa Pinus mokaszana cy ga caMo
oapehenu Opoj opux EY HMa M3pakeHHjy aHTHOKCHIATHBHY aKTHBHOCT y nopehemy ca
ackopOunckom kucenuHoM (131). JlerarbHuje aHanuze ykasyjy Ja ce CMAambEHEM cajapikaja
MOHOTEPIIEHA Y €TAPCKOM yJby noBehaBa meropa aHTHPAagUKATHA AKTHBHOCT, IUTO MOKE
outH jenHo o objanimeba 3a PEIATUBHO HH3AaK aHTHOKCHAATHBHHU KanaiwmteT EY erapckor
yiba cubupckor 6opa, Koje je MpHUpoHO 6oraTo OBUM jeauibembuma (53).

HcenuruBamem antuokcugatuBHor kanauureta EYCH yrepheno je na ono uma
orpanudeny crnocobnocr Heyrpanucatea OH pagukana y mopehewmy ca pedepentHuM
crangapauma. Jooujena spennoct [C50 3a EYCH usnocu 46,99 pg/ml, mro je 3xagajHo
Builie y oaHocy Ha tposnoke (IC50 = 12,40 pg/ml) u ackopbuncky kucenuny (IC50 = 8,28
pg/ml). OBu pesyarati ykasyjy Aa Cy CTaHIapad 3HATHO eduKacHHUju ¥y HeyTpanucamy OH
pagukana. IlpucycTBo BenMKe KOJIMYHHE MOHOTEPIICHA, HAPOHYHTO O-IHHEHA, Y €TAPCKOM
yibY cHOHpCKOT Oopa, MOKe OMTH jeaH 0] TIABHHX pa3jiora HEeroBOT PEJIATHBHO ciradujer
AHTHOKCHAATHBHOT Kamaumurera. OBa 3anakama Ccy y CKIajy ca CTyQujaMa Koje cy
HCIIUTHBAJIC AHTHOKCHIATHBHE CIIOCOOHOCTH (-IIMHEHA M I[IOKA3a1e HErOBY YMEPEHY
ehMKaCHOCT y OBOM Torieay. takolhe, CTyamja Koja je MCIMTHBAla AHTHOKCHAATHBHA
CBOJCTBA eTapckor yiba Pinus sibirica nokasana je 1a oBO yJb€ Y KOHIIEHTpaudjaMa o 25 10
400 pg/ml uMa 3HAYAJHY U KOHIEHTPALMOHO-3aBHCHY CITOCOOHOCT cMametba omtehema JJHK
uzaszpaHor pangukanuma (132). [Ipumeheno je na ca noeehameM no3e Aoxazu a0 mobosbiiamka
AHTHOKCHAATHBHE e(HUKACHOCTH, LITO YKa3lyje HA HEeroB MNOTCHUMJATN Y 3aIUTHTH O]
OKCHIATHBHOT cTpeca ¥y Behum KoHueHTpauujama. Ynopehusamem no0HjeHHX pesyaTaTa
MOJKE C€ 3aK/bYYHTH [a AHTHOKCHJIATHBHH KAIAUTET €TAPCKOT yba CHOHPCKOT Oopa 3aBuCH
o1 creuu(pUIHOT THIA PaJUKala U NPHMEHBEeHUX MeTtoda Ttectupama (131). ok ce y 0Boj
cTyauju mokazano ja je crmocodbnoct EYCE pa neyrpanmume OH pagukane orpanudeHa, y
JIUTEPATYpPH j€ MOKa3aHa meroBa eduracHocT y cmamemy omrrehewma JIHK wuszassanux
JIPYTHM THIIOBMMA pajiukaia. Paziuka y MeTogonoruju, kao mrto je ynorpeda cnenuduaHmux
tecroBa 3a pagukane (DPPH, ABTS, unu tect omrehewa JIHK), moxke aenumuuHo
objacuuTH BapujauHje y qobujenum pesynratuma (129).

CrnocobHOCT HCIMTHBAHOT YJba [1a 3AIITHTH HHTErpUTET OHONOMIKMX MeMOpaHa Koje
cagpxke gnmmmae yrBphena je ogpehuBameM noTeHuMjana MHXUOMIMje IMOHAHE
nepoxkcuaauuje. Y osom ucnutuay EYCH je mokaszamo MHOro 00/bY aHTHOKCHIAIMOHY
AKTHMBHOCT Y 0JIHOCY Ha mpeTxojHe tecroBe. Mako je pesynrar IC50 (12,11 pg/ml) erapekor
yipa aymno Behu ox crangapaa, moxke ce 3akipydutH aa EY nocepyje aHTHOKCHOAIHOHH
HNOTEeHIMjal ¥ Mamo] Mepu. Ca Apyre cTpaHe €TAHOJIHH €KCTPAKTH MIHila Dopa mokasyjy
MHOT0 00JbY AHTHOKCHIALMOHY AKTHBHOCT KOjd C€ MOXKE YIIOPEIUTH ca ¢-TOKO(eporioM
(133).

DPPH meroma ce 3acHMBA Ha INPEHOCY EJICKTPOHA MWIH BOJAOHMKOBOI AaTOMA cCa
aHTHOKcHaaHaca Ha ctabunau DPPH panukan, mro noBoam A0 merose HeyTpalusauuje H
cMmamewa ancopnuuje. Ca npyre crpane, FRAP metona npouemyje peiyKIiiHoHH KanaiuTeT
jenMmbemba HAa OCHOBY bHXOBe crnocobHoctu aa tpancdhopmumy depu (Fe*') jone y depo
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(Fe*") obmuk y kucenoj cpeauHu, mpu 4emy ce dopMmupa cradWiaH KOMIUIEKC KOJH Ce
KBAHTHTATHBHO aHanuzupa crnekrpodoromerpujcku. Pesynratu gobujeHH 3a eTapcko yibe
cuOHpcKOr DOpa Cy MHOTOCTPYKO MakbH Y 0JJHOCY HA ACKOPOMHCKY KHUCEJIHHY M TPOJIOKC, IITO
yKa3yje Ha cnab moTeHujan yiba Aa peaykyje depu jon. OBakBH pe3yiTaTH Cy H OUCKHBAHH
¢ 003upom 1a eHonu Hucy raaBHojgenyjyha KOMIIOHEHTAa MCIMTHBAHOT €TAPCKOT yiba, Beh
TEPICHHU 34 KOj¢ je NMO3HATO Aa HMajy crabMjH aHTHOKCHAAUHMOHM nortcHuujaa. OpoM
METOJIOM CY J00HjeHH Pe3yJITaTH KOJH CY Y CKJIAJy €A OCTAIIMM TECTOBUMA AHTHOKCHIALMOHE
3AlITHTE eTapcKor yJba cubupckor Oopa, koju mnoTBphyjy crnabuju AHTHOKCHIAIMOHH
kamamurer (131). Ca apyre cTpaHe, €KCTpakTH Hridima OopoBa mokasyje 0Oolby
AHTHOKCH/IATHBHY AKTHBHOCT Y OJJHOCY HAa E-€TOBO €TAPCKO YIbE, IITO MOKE OUTH ITOCIIEIHLIA
npucycTBa (GEHOMHMX M JIPYTHX T[OJAPHHUX JedHICHA Koja JIOMPHHOCE CHAXKHH]O]
AHTHOKCHAATHBHO] peakimju (132).

Ananuza go0HjeHHUX pe3yiTaTa yKazyje Ja eTapcko yJbe cubupckor Hopa ucnosbasa
oapeljeHH HMBO AHTHOKCHIATHBHE AKTHBHOCTH, KOja je Mame H3pakKeHa y OJHOCY Ha
cuHTeTCKe aHtHOKcuaaHce. OBa pasnuka ce MOXKe NPUITHMCATH HHCKOM yaeny (EeHOIHHX
jenumena, Koja NpeAcTaBba K/bYYHE HOCHOLE AaHTHOKCHIATHBHHUX cBojcraBa. [lopex Ttora,
OrpaHHYEHA PACTBOPJ/BMBOCT ETAPCKHX yJbA M  HHXOBHX KOMIIOHEHTH Yy IIOJAPHHM
pacrypauuma J0[aTHO YTHHYE HA EbHXOBY pelyKuuoHy cnocoduoctr. Unak, moryhe je na
CIIOJKEHH CACTAB TEPIICHA Y €TAPCKOM yJbY CHOMpCKOT Dopa JONPHHOCH aHTHOKCHIATHBHOM
HOTEHIHjaJly KpO3 CHHEPTeTCKE MHTepaKiHje u3Mel)y nojeguHauHux KoMnoueHnTH (134).

5.2. @opmynucarwe u cmadbuIHOCM HpEenapama HA OA3U eMapcKoz yaba
cubupckoz dopa

VY 0BOM g1y HCTpaKHBaba CMO HAa OCHOBY MPONHUCAHUX (GopMyIanmja 3a IMOIy4BpCTe
npenapate w3 Tabene 3. m 4, HanpapWwiM EYUECPUH MOUIOTY, Kao 0a3y 3a MacT W Ten
kapOomepa, kao 0azy 3a ren. CBH npenapartd Cy HAIPaB/beHH Y CKIAAY Ca IIPOIMHCHMA
Maructpanaux dopmyna (Md 2008) u Jlobpe dapmaneyrcke [Ipakce. 36or mamka
JMUTEPATYPHUX NMOJATAKA KOJU €€ THYY TONMHKAIHE IPHMEHE €TAPCKOT yIba cHOUpCKOT Gopa, H
300r MoryhHOCTH J1a M3a30B€ MPHUTAIM]Y KOMKE HA MECTYy NpHMEHe KopucTwid cMo EVY y
koHueHtpauuju og 0,5%. ¥ ckmany ca tuM, y ogrosapyjyhe marucrpanno uzpaheHe nomiore
38 M3pajay IONyYBPCTHX mnpenapara je wuHkopmnopupano je EVY cubupckor Gopa y
koHueHtpauuju ox 0,5% y uuby nobujama MacTu U rena Ha 6a3u cubupcekor dopa.

Y umwey npoueHe ¢uszudke crabunHocTH M3paheHux mnonyuBpeTHX GopMyaimja
npahene cy nmpoMeHe OPraHONENTHYKHX CBOJCTABA NpENapara Ha COOHOJ TeMIIEPATYpH, Y
Tpajamy 0j1 mecT Meceld. PeneBanTHr nokasatesbd Gu3MuKe cTaDMIHOCTH Koju ¢y npahenu
TOKOM wucnuTHBaka cy: pH BpegHocTH, enekTpuYHE NPOBOJBHBOCTH M PEOIOLIKH
napaMeTapd  IIperapara TOKOM —Hepuoja uyBama u kopumhema. HcrmmrtuBame
OpraHONENTHYKUX KapakTepucTHKa obyxsatano je mnpahewe npomene 06oje, Mupuca,
KOH3HMCTEHIIH]€ H XOMOTreHocTH. TOKOM mectoMecedHOr npahema pe3ynTaT ykasyjy 1a Huje
JIOIUIO JI0 MPOMEHA OPraHOJENTHYKUX ocobMHA ucnuTuBaHux npenapara (Tadena 11). Ca
acriekta (u3MuKke CcTAOWIHOCTH, OJCYCTBO NpOMeHe ©O0je, MHpHCA, KOH3HCTEHIH|E H
XOMOTEHOCTH, Ka0 M  OJCYCTBO pa3aBajama (a3a HAKOH  TPUIECETOMHHYTHOT
HeHTpUYrHpama I0KA3aTe/bl CY CTADWIHOCTH HCIMTHBAHUX TONHKAIHHX (opMyraimja.
JoOujenu peszynratu cy y CKIagy ca CTyJHjaMa APYTHX HCTPAKHUBAYA KOJH CY NPOYHaBaIH
crabwiHocT TonukaHuX npenapara (135,136).

Kako ce TonmukanHM mpenapatH OPHMEHY]Y OJ1 CTpaHe MAlUjeHTa moTpedHo je na
tdomynammje Oyay morojHe 3a Jiaky ynotpedy. PazmazuBoct u nakoha npuMeHe Cy K/by4HE
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npunukoM u30opa oxprosapajvhe tomukamHe Qopmynamuje, jep Heoarosapajyha npumena
npenapaTa JONPHHOCH TOME JIa aKTHBHE KOMIIOHEHTE He Oyly AlUIMKOBAHE HA MECTO TIe
Tpeba ga penyjy 30or uera he edukacHoct camor mpenapata OuTH cmamena. Jlomarax
€TAPCKOT yJba IIO/UIOTaMa HE YTHYE HA Pa3Ma3vBOCT, OJAKIIC 3aK/bY4YJEMO [a MOJIYYBPCTH
npenapaTd 3ajap:kaBajy ocobune baza y koje je EY MHKOpIOpUpaHO, OJHOCHO MACTH M Ted
Oaze. dopmynaumje THNA Tema MMAjy JAKy NPHMCHY, JIAKY pa3Ma3HBOCT M OCTaBJBAjY
npujatad ocehaj Ha KoxKH, A0K ¢y (OpPMYJIAlHje THIIA MACTH JICTIJBHBE, TEKE CE MPUMEHY]Y H
OCTAB/bAJy HempujataH, MactaH oceha) Ha KoM, Y CKIaqy ca THM, HCIHTHBAHEM
crnoco0HOCTH Npama je YTBpheHo 1a ce nmpenapati THHAa MACTH TEIIKO YKIAHa]y HCIHPAKEM
ca [JEeCTHIOBAHOM BOJOM, JOK Ce ca JpPyre CTpPaHe NpPEenapaTH THIA Teld BeoMa JIAKO
YKJIahajy.

Peornoika cBojcTBa TOMMKAIHMX TIPENMapaTa Cy MapaMeTpH Koju omucyjy (uszuuxy
CTaDWIHOCT MPUOPEeMIBEHHX (OpMylalmja 3a JIOKaIHY yrnorpedy, M reja M MAacTH.
[To3naBame peonoruje MOny4YBPCTHX MPENAPATA j€ BEOMa BAXKHA jep JONPHHOCH YTBPhUBaY
CcTaDWIHOCTH TOKOM NPOM3BO/IGE, IAKOBAMGA, 1A YaK M MCTHCKHBAMA NMPOM3BOAA M3 TyOde.
Ulrapuiie, MCOMTHBAKE PEONOIIKOr NPO(HIA TOMMKATHOT INPOM3BOLA MOMKE OTKPHTH
HH(pOpMALIMje O HKEroBoj CMOCOOHOCTH Ja OCTAHE HA KOXKH JIOBOJBHO IYro Kako Ou ce
ocurypana e(puKacHOCT, KA0 U Ja yTH4e Ha Op3uHy ocnobalama akTHBHE CYIICTAHIIE U3 CAMOT
npenapata. Jla 0u ce NpenBHICO KBAIMTET IMPOM3BOJAA M HeroBe mepdopMaHce Ha KOKH
HCTPAKEH Je peosoky npodun 0ase MaCTH M rejia, Ka0 M MAcTH H Tejld Ca MHKOPIIOPHPAHUM
EY cubupckor dopa.

Kpupe mnporuuama, Koje NpeacTaBibajy 3aBHCHOCT HAIOHA CMHLAHA 0J Op3uHe
CMHILAKA, BAKAH CY IApaMeTap 3a mpoueHy moryhux mpomena y du3n4dkoj ctabuwiHocTH
ucnuTHUX opMynanuja. AHaIH30M OBHX KpHBHX yTBphEHO je ma ce TecTHpajy MacTH H
MAcTH Ca JOJATHOM ETAPCKOT yJba CHOMpPCKOT Dopa, Ka0 M rejiOBH H HHXOBE BapHjaHTe ca
HCTHM KOMIIOHEHTOM, TMOKA3Yjy CIHYHE BPEIHOCTH HanmoHa cMuliama (@urypa 6). Jlujarpam
jacHo ykasyje Ha TO Aa ce 03 €TAPCKOT yJba CHOMPCKOT DOpa y TOIMKAIHE Hpernapare Huje
YTHIAJTO HA IbHXOBO PEOJIOIIKO TIOHALIARKE.

[TceynonnactuyHo CBOJCTBO IIPECTAB/bA 3HAYAJHY KAPAKTEPHUCTHKY M KOJ MACTH H
KO resnoBa, jep omoryhaBa ma npemaparu npu Behum OpsuHaMa cMmHIIamka, KOjuUMa Cy
M3JI0KEHH TOKOM M3BJIAYEHsd M3 [PUMAPHOT [AKOBAHbA, HOCTAHY MAme BHCKO3HH M THME
nmakmwK 3a amwmukamujy. Ca apyre cIpaHe, NpH HUCKHM Op3MHaMa CMHLAKA, IPEnapaTrH
3apXKaBajy BHINY BPEJHOCT MPHBHIHOT BHCKO3MTEeTa, wWTO oOMoryhasa omrumamHo
3a/IpXKABALE HA MECTY MPHUMEHE M MTOTEHIH]AJIHO T000IbIIAKE TEPANHjCcKe e(pUKACHOCTH.

Pesynratu peonomke aHamuse HCIUTHBAHUX (DOpMylandja KOjH ce MOTY BHIETH HA
Gurypu 7. ykazyjy Ha crneuuduuHe KapaKTEPHCTHKE KOj€é OroBapajy THIHYHHM
BPEIHOCTHMA 34 MOJIYYBPCTE Mpenapare 3a AepManny npumeny. Kopn ren cucrema, n3mepeHe
BpeaHOCTH Moayna dyBamwa (G') ¢y y ckiagy ca JUTEpATYPHHM MOJAalMMa 3a KapbomepHe
reloBe KOjH  [OKA3yjy ONTHMAlHy KOH3MCTCHUHM]Yy 33  JepMalHy  AlJIHKauujy.
Huxopnopupame erapekor yjba cubupekor 00pa HHje 3HAYAJHO YTHLAIO HA BUCKOEIACTHYHA
CBOjCTBA reia, INTO je MOXKE/BHO Ca AacleKTa O4yBambd CTPYKTYPHE CTabWwiHOCTH
dopmynaumje. Kaga je peu o npemapatuma THOA MAacTH, H3MEpPEHE BPEJHOCTH MOy
4yBamkad OMIle Cy 3HAYAJHO BHILIE, IITO jJé KAPAKTEPHUCTHYHO 33 IMNO(WIHE CcHCTEME.
MutepecanTHo je 1a je 10JATaK eTAPCKOT yJbad JI0BEO 10 PeAyKIHje BpeAHOCTH 00a MOayna
Kpo3 11e0 ()PEKBEHTHH OIICET, ITO MOXKE OHTH MOCTIeJUIA HHTEPAKIM]je KOMIIOHEHTH Yiba ca
nunohuiHOM 0cHOBOM MacTH. Obe dopMmynanpje moka3yjy onTHMAIaH OJIHOC €JACTHYHUX M
BHCKO3HHUX Kapaktepuctuka (G' > G"), 1To je K/by4HO 32 04YBahe CTPYKTYPHE CTAaOMIHOCTH
W TOCTH3abE AJCKBATHUX AIUIMKATHBHHUX cBojctaBa. Jlobujenn pesynratu notBphyjy aa
Moau(HKAIIHja PEOJIOIIKHX MapaMeTapa HakoH uHkoprnopupama EYCH ocraje y rpanumnama
NPUXBAT/EMBHM 34 JATy KATETOPH]Y (hapMaleyTckux o0nuKa.
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[Tperxonna ucTpaxkuBama Cy MOKa3aua [a je JTOKATHA NPUMEHA MACTH M reJia JaKIia
300r MCeyaoMmIacTHYHOT MOHalllaka noiayusperux npenapata (135-138). Umajvhu v Bugy
HABEJICHE Pe3yiITaTe, MOKEMO 3aKJbYHHTH 13 TOIMKaIHU npenapatu ca EY cubupckor dopa
HMajy aJIcKBATHA CBOJCTBA (JIAKO pa3Ma3zuBaibe M J00po TNpHjamame) Koja Cy MOrojHa 3a
HAHOILEHE HA KOKY.

Ogroeapajvha pH BpeanocT AepMOKO3METHYKHX NPOH3BOAA MMA 3HAYajaH YTHIA] Ha
OuyBame CTPyKType H dhyHKuHje KoxkHe Oapujepe. [lopimHa koke npupogHo uMa Onaro
Kuceny peakuujy, ca pH spennomthy y pacnopeay oa 4 go 6. Kopumiheme npoussoza uuja
pH BpeaHocT oncTyma o OBOT ONCEra MOXKE JOBECTH [0 AucOanaHca 3alUTHTHHUX CJ0jeBa
KOJKe, IITO MoKe noBehaTH M CKIOHOCT Ka paziMduTHM HH(EeKuMjaMa M JepMAaTOIOIIKHM
npobnemuma (139). Pesynratu oBor wucTpaxkuBama mnokazanu cy jga pH Bpemnoct
UCITUTHBAHHX (hopMyTalHja ocTaje cTabuaHa TOKOM 1enor nepuoja npahema. YeraHoemeHo
je nma pH Bpennoct ren basze usHocu 5,84, mok je pH BpemHocT rema ca eTapcKHM yibeM
cubupckor 6opa 6,21. OuyBame pH y onruManHOM oOncery TOKOM HIECTOMECEYHOT
CKJIAJIMIITCE,A YKa3yje Ha 1o0py crabunHoct dopMynanuje, mTo je oj K/bYYHOT 3Ha4aja 3a
weHy edukacHoct ¥ 6e30enHocT. Oapxasame pH y dhu3HONONIKH NPUXBAT/EHBUM IPAHHIIAMA
JIOJATHO TOTBphyje NoTeHIMjal HcnUTHBaHe (opMynanHje 3a TOMMKAIHY MPHMEHY,
cMamyjyhn pusuk ox upuTauMje WM HApylIaBama MHTErpuTeTa Koke. OBH pe3ynTat ¢y y
CKJIAAy ca IPEeTXOJAHMM MCTPAKHBABLUMA, KOja yKalyjy Ha BaxHocT crabwixoctu pH
BpeAHOCTH Y (OPMYyJIALMjH [JEPMATOIOLIKHX IIPENapara, NnoceOHO OHUX 0a3upaHux Ha
erapckuM ysbuMa (135,136,140,141). C apyre crpase, MO3HATO je Ja eTapcka yiba, 300r cBor
CIIOJKEHOT XEMHJCKOT CACTABA, MOTY 3Ha4dajHo yrunartd Ha pH Bpennoct dapmaneyrekux u
Ko3MeTHUKHX (opmynaiuja. Bemuku yneo HesacmheHMX MAacHHMX KHCENHHA, Kao INTO CY
JMHOJIHA ¥ JIMHOJICHCKA KHUCEJIMHA, MOKE [JOBECTH 10 cHUKaBama pH BpenHocTu mpenapara,
HITO J€ HAPOYHMTO M3paKeHo KoJ GopMylalMja y KOjuHMa OBE KOMIOHEHTE JOMHHHDPA)y (142).

Kana ce mornena oncer kperama BPeAHOCTH eleKTpUYHE NPoBoAsEMBOCTH ¥ Tabdesu
12. npumehyje ce Mana npoMeHa y BUIy CMambeiba €IeKTPUYHE NPOBOAJBHBOCTH KO/ Telid ca
cubupckum Hopom. [lozHaTo je ga enekTpudHA MPOBOJBHMBOCT 3aBHCH 0J1 BHIlEe (axkTopa,
VK/bY4y]JyhH KOHIEHTpauujy joHa Yy PpAacTBOpy, Cajapka] BOJAC KA0 TJIABHOT IOJIAPHOT
pacrBapada, anu U (U3MYKO-XEMHJCKEe KAPAKTEPUCTHKE CaMHUX KOMIIOHeHaTa (opmynammje.
Ocum TOra, Ha OBaj mapaMerap MOTy YTHUATH M CHOJbAllbH (AKTOPH, KA0 IOTO CY
TEMIEpaTypa, BpeMe CKIaauinTesha u Moryhe wuHTepakumje axkruBHuX u  nomohHux
cyncraHuu. Pesynraru cy y ckiagy ca ApyruM MCTPaKHMBAHBHMA y3 MHUHHUMAIHA OJCTYNAHA
(135,136). Mana paznmuka koja je npumeheHa y HameMm y30pKy c€ MOXKE IPHIHCATH
YHELCHHLM J1d TreJl ca CHOMpCKUM OOpOM HMa Mamy KOIM4YMHY BOJE KOja je MOIapHH
pacrBapad M JONPHHOCH EJIEKTPUYHO] IIPOBOUBMBOCTH Ipemnapara. lcnmuruamem
EJICKTPHYHE TPOBOJJBMBOCTH IpEnapaTta reia M rena ca cubupckum Oopom nobHjeHH cy
CIIMMHH PE3YIITATH, YHME MOKEMO 3aK/byduTH Ja gojaatak EY cubupckor 6opa Huje 3HauajHO
yTHIIa0 Ha oBaj mapamerap. Opa 3anaxama noteBplyjy aa je ucnuruBaHa dopmymaiuja
cTabWiHA y NOIJeay EeNeKTPHYHMX CBOJCTABA, LITO je OJ 3HAYAjA 33 HEHY NPHMEHY Y
JIEpPMATOJIOUIKO] TEPAHjH.

5.3. Bezpeonocm u eukacuHocm MmMORUKATHUX Rpenapama Ha oOazu
emapcKoz yua cubupckoz dopa

5.3.1. AKyTHA 1epMa/lHA HPHTALHja
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[TpBu kopak y nmpoueHu 0e30eHOCTH HEKOT Npenapara 3a JIOKAIHY HNPUMEHY jecte
TECT aKyTHE jiepManHe upuranuje. OBUM HCIHUTHBAKLEM HA JKHBOTHH-AMa J1I00Hjajy ce BeoMa
OMTHH pe3yaTaTH KOjH yKa3yjy Ha mnoteHudjan ¢dopmylanMja jaa H3a30By OWIO KaKBYy
OCET/BMBOCT KOKe uyuMe ce yrBphyje Oe30e10HOCHH npodui MOTYYBPCTHX HpErnapara Kao
MTO je ciay4aj y HalleM HCIUTHBamy: MmacT U ren ca EY cubupckor 6opa. Jeman of
Hajuemhux Heke/beHHX e eKaTa Npenapara 3a JOKaJHy NMPHMEHY j¢ MPHTALHja KOXKE Koja
MOKE€ HACTATH Y KOHTAKTY ca OMJIO KOJUM areHcoM M Koja ce MaHudecTyje y BHAY YHaIHE
peakuuje u nosehane ocersbuBocTH. Mako ce cenzubuimzamuja KokKe MOIKE JaBUTH yCen
KOHTAKTA KOJKE Ca CHHTETCKMM CYIICTAHIAMA, MCTO TAKO TOCTOjJH M JICO MOMYJNalMje Koju cy
OCETJBHUBH HA IIPEnapare NPHPOJHOI MOPEKIA, HAPOYHTO BHCOKE KOHLEHTPALM]E €TAPCKHX
yiba (143,144). Hpuraumja koxe yrbydyje omteheme Oapujepe KoKe, NPOH3BOIHY
IIMTOKHHA M OKCHAALMOHM CTPeC, INTO JOBOAH 1O BHIJBMBUX M CYOKIMHHYKHX
HHObIAMAIM]CKUX peakilMja Koje cy peBep3uOuiHe, 3a pasiuKy OJ HPEeBep3HOHIHHUX
owrehema Koja YKIBY4Y]y HEKPO3Y, KPBAPEHE H YupeBe. TOKOM OBOT MCIHMTHBAHA [IPATH CE
N0jaBa epUTEMa U e[eMa Ha KOKH MCIHTHBAHMX JKHBOTHHA TOKOM 14 nana. Eputem u enem
YIJIABHOM HACTAJy KA0 MMOCIEJUIA PHCTYCTBA AJIEPTeHA KOJH aKTHBHPAJY UMYHCKH OJTOBOD
U nogcTHyy ocnobahame npouHdaamaropuux uutokuHa. Eputem je geduHmucaH kao
UPBEHHIIO KOKE MM CIY30KOKE KOje HAcTaje ycliel] Juiartaudje kamuinapa W nosehaHor
NPOTOKA KPBH Y MOBPIIHHCKHM ciiojeBuMa Jepmuca. OBaj deHoMeH Moxke OUTH H3a3BaH
paznmuuutuM  daktopuma, ykbyuyjyhun mndnamatopre npouece, uHexumje, aneprujcke
peakumje win dusuuke areHce. Kimuuuuku ce ManudecTyje Kao JTOKATH30BaHO HWIH JU(Y3IHO
upBeHum0, Yecto npaheno ocehajem Tomnore. Epurem npejcraBba 00JIHK XHNEpeMHje, TPH
4yeMy noBehiaH MPOTOK KPBH y MOBPUIMHCKMM KAMMIIAPMMA JOBOIM 10 L[PBEHHUIA KOXKE, JOK
ce, ¢ Opyre CTpaHe, eleM KApPAKTEPHILE IPHKYIUbAHEM BHIIKA HHTEPCTHLH]CKE TEYHOCTH,
HITO PE3YATYje OTOKOM TKuBa (145).

Oga cTyMja NpeacTaBba NPBY CBEOOYXBATHY NPOLEHY AKYTHE JIEPMAIIHE HPUTALH]jE
tonukanHux opmynauuja ca 0,5% etapckum ysmem cubupckor Gopa, npyxajyhu kibyuHe
JoKa3e 0 buxoBo] Oe3begHoctH. TokoMm nBoHenespHOT nepuoga npahema, KO HCIUTHBAHUX
JKHBOTHEbA HHCY YOYEHE MAKPOCKOICKE WIH OHXCBHOPAIHE NPOMEHE, Ka0 HH 3HALH
TOKCHYMHOCTH WJIM JIOKAJIHE UPUTALIHje, IITO YKa3yje Ha OACYCTBO Heke/beHHX peakuuja. C
003MpOM HAa BHCOKY OCETJBMBOCT KOKE CKCIEPHMEHTAIHHX JKMBOTHEA Ha (hapMakoiomke
cyncraHie, godujeHu pesyaratd notephyjy ma dopmynanuje Ha 0azM eTapcKor yiba
cubupckor Oopa He M3a3MBAjy MPUTALH]Y U MOTY ce 0e30eHO MPUMEHHBATH YaK U TOKOM
ayxker BpeMeHckor mnepuoa. JoOwjeHn pesynratd npykajy CHaKHY OCHOBY 3a Jaibe
KIMHHYKE CTYIHje, Y LHJbY IOTBPJAEC HHXOBOI TEPANHJCKOT I[OTCHUMjAIA Y JIe4eHY
HH()IAMATOPHUX M XPOHHYHHX JEPMATOIOUIKHX 000/beHa, NOCeOHO Y KOHTEKCTY MPUMEHE
KOJ nauujeHara ca nosehaHoM ocetseuBomhy Kowxe.

5.3.2. AwruunduaMannjckn edekarT TONHKAJIHHMX [Penapara ca eTapeKHM
y/beM cudHpcKor Gopa

C obzupom ga mpouec MHpIaAMalHje JIeKH Y Marou3HOIOTH|H MHOTHX OojiecT,
aHTUUH(IAMATOPHH JICKOBH KOJH [IOCTOje TPEHYTHO HA TPXKHIUTY CY PA3HOBPCHH H Y BEJIHKO]
cy ynorpebu. MehyruMm, muxoea ynorpeba je moBezaHa ca MHOTOOpOjHHM M 030MI/BHHM
HEXKEebeHHUM e()eKaTHMa, KAa0 WITO Cy TACTPOMHTECTHHANHO KPBAPEHE, HHP HA JKEIyLy,
uMyHocynpecuja u nmosehan pusux on nH$pexuHja, TOropIuAke APYTHX XPOHUYHUX DonectH,
alM M BHCOKA IICHA HOBHMjHUX JICKOBA. YTNpPaBO 300r NPETXOJHO HABEJCHHX HETATHBHHX
JejcTaBa, CBE BHLIE CE M3Y4aBajy NPUPOJHH NPENapaTH KOjH Y CBOM CACTABY CalpiKe
jenMmbema OArOBOpHA 3a aHTHHH(DIaManMjcku edexaT npousBoia. AHTHHHG(IAMAIH]CKH
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ehexar wmHOrux OopoBa je mo0po mpoyden, wMehyrum crTyauje  Koje  mokasyjy
aHTHHH(IAMAUjCKY aKTHBHOCT cubupckor 6opa Hucy mHorobpojue (29,146-148). Ilocroje
HCTPaKMBAKA KOJHMA je JOKAa3aHa aHTHHH(IAaMalUjcKa aKTHBHOCT €KCTPAKTA YJba CEMEHA
(23), kao ¥ McTpakuBamba Koja aHTuHH(pIaManujcku edexar cubupckor dopa objamasajy
NPUCYCTBOM MACHHMX KHcelmuHa y kaiycy Oumbke (149). Hemocratak wunbomauuja o
aHTHUH(DITAMALKJCKOM e(eKTy eTapcKor yJea cHOupckor Oopa M BenMKa TpajgHLHMOHAIHA
yrnotpeda yJba HAC je HABeNA Ja H3BPLIMMO HCIIMTHBAKE NOTEHLM]Aa JePMAJIHHX IIpenapaTa
Ha 0a3zu erapckor yiba cHOMpcKor Oopa y3 momMoh  KapareHaHCKOr TecTa HAa AHUMATHOM
Mojeny y3 npaheme enema manuie. OBaj MOJET je jeaH o1 HAJnpUMEHUBAHH]UX MOJIENA 34
yrephuBame 6p3or u edukacHOr oAroBOpa Ha M3a3BaHy uHbIamMauujy. Eqem mane je uzazsan
MHTPAIUTAHTAPHOM aJMHHHCTPALH]OM KapareHaHa, a TOKOM HapeJHa deTupu cara npaheHa je
cnoco0HOCT MHXUOMIIH]E eaeMa KAO TTIABHOT IMOKA3aTe/ba AHTHHH(IAMALIM]CKE AKTHBHOCTH.
[Topen osor mapameTpa, npaheHu cy u napaMeTpH aHTHOKCHIALMOHOT CHCTEMA 3a1UTHTE, KA0
mto ¢y CAT, SOD, GHS u TBARS, koju mory nomohu y 0o/meM pazymeBamy edekra EY
cubupckor dopa.

[TpumenoM kapareHaHa y 3a[by LIANY ITAL0BA Ce aKTHBUPA MHAIAMATOPHH OATOBOP
y ase ¢aze. [Ipea, akyrHa ¢asa egeMa ce jaB/ba 0JMax HAKOH HMHJEKIMje KaparcHaHa, a
HacTaje yenes ocnobal)ama XMCTAMHHA, JICYKOTPHEHA W CEPOTOHHHA, H TPAje 0 CAT BPEMEHA.
Hakon car Bpemena ce jaBba japyra (aza ycinen nosehane npoaykuuje merabomnura
apaxuJ0HCKE KHCEJIHHe, IIpoCTarjaHauHa, kao u uHbwitpauuje Heytpoduna (150).
[ToBehana mpou3Boama MPOUH(IAMATOPHUX LMTOKHHA W CIODOJHHMX KHCEOHHYHHX BPCTA,
nonyt O, u OH pagukana qoaaTHO JOTPHHOCH HH(DIAMAIM]CKOM OTOBOPY.

Pesynratu noOujeHH HAKOH HETBOPOYACOBHOT HMCIIMTHBAMha VKA3yjy Ha 3HA4ajaH
aHTHHH(IAMATOPHH e()eKaT TOMMKAIHUX NpPENapaTa ca eTapcKuM yJbeM cubupcekor 6opa (EY
Cb), mito ce ornena y peayKudjH eaeMa Iamdie uiaszsanor kapareHanom (Tadesa 13). VY
nopehemy ca HeTpeTHpaHUM JKUBOTHH:AMA W MpHUMeHOM (opmynaimje 6a3a, MACT U TeJ ca
unkopnopupanuM EYCH nokazanu cy 3Haudajuy uHXMOMIHU]y eneMa, nocebHo y tpehem u
HETBPTOM CATY HCIIMTHBAHKA, IITO yKa3yje HA BPEMEHCKY 3aBHCHOCT edekra. Osa cryauja
NpeCTaB/ba [PBO HCTPAXKHBALE KOJE Je CHCTEMATCKH HCIMTHBANO e(eKTe TOMMKATHHX
npenapata Ha Oa3zu cubupckor Oopa Ha aHMMaTHOM Mojeny uHbnamauuje. Pesynratu cy
noKa3zanu ja ¢y obe dopMynaiuje ocTBapuiIe H3pakeHy e(hHKACHOCT, MPH HEMY j€ MAacT ca
EYCb noka3ana 6naro cynepuopHe pesyirare y ogHocy Ha rei. OBo ce MOKE MPHITHCATH
pasnudUTHM  (PHU3MYKO-XEMHJCKHUM CBOjcTBUMa (GopMyialuja M HBHXOBOM YTHIA]Y Ha
ocnobahame akruBHHX KoMmoHeHTH. Mako je xunpoxoptusoH, xKopuimheH Kao NO3HTHBHA
KOHTposa, mocturao Hajsehm cremen wunxubunmje, npemapatu ca EYCH nokaszanu cy
3HauajaH aHTHMHBIaMalMjcku edexar, 3axBa/byjyhH NpUCYCTBY AKTHBHHX KOMIIOHEHTH
MOMYT TMHHEHA, KOj¢ WIpajy KibYdHY VIOTY y cy30ujamy ynanaux npoueca (129). Osu
pe3yiaTaTH McTHYY noTeHumjan npenapata ca EYCD 3a nasbu pa3soj u npuMeHy y Tepanuju
HH()IAMATOPHUX CTARA.

C o03upoM Ha OTpaHMYEHOCT MJOCTYIHMX MCTpaKHBamha Koja OM TOTBpAMIIA
e()MKACHOCT HMCIHTHBAHMX TOMMKATHUX (OpMyIanuja, OCTBapeHa aHTHHH(IAMATOpPHA
AKTHBHOCT MOJKE C€ MPHUIHCATH AHTHHHQIAMIMJCKOM JENIO0Balky HAj3acTyILUbEHHJHX
OMOAKTHBHHX KOMIIOHCHTH €TapcKor yiba cubupckor Oopa. [lojenuuu Tepnenn koju cy
[JIABHH CACTOJIM €TAapCKOT yJba MMAjy OKa3aH aHTHuH(iaMandjcku edexart, a takohe ce
CMATpa [1a BUXOB CHHEPTHCTHYKH edekar Tome gogatHo jonpuHocH. [{uxinookcurenasa-2
(COX-2) npejcraBiba K/bYHHH €H3HM Y peryianuju uHpiaamatopHor oarosopa, dyayvhu na
yuecTByje y OMOCHHTE3HM NPOCTAMNIAHIMHA, KOJH HMMAjy LEHTPAJHY YJIOTY Y pa3zBojy H
olpiKaBamy ymaiHux npoueca. beroea excnpecuja je moBehana y toky uudnamanmje, a
MHXUOMIIM]A OBOT €H3MMA CMaTpa Ce JeJHHM OJI [ABHHX MEXAaHM3aMa AHTHBOCIAIIHE
tepamdje. C tum y Besu, Mmoryhuoct moaynammje COX-2 npejcrapiba 3HA4YajHY CTPATETH]Y Y
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KOHTponH HMHGIaMaTopHux crama. J(OCTYNHHM mMojaunM ykaszyjy Ha TO Ja O-IHHEH MOKE
uaxubupatu akrupHoct COX-2, mto je morBpheHo cTyaujamMa y KOjHMa je 0Baj MOHOTEPIIEH
NPUMEHEH JIOKAIHO HIH HMHTPAINEPUTOHEANHO KOJ KHBOTHICKHUX Mojena HHGuamanuje
(151). C obzupom Ha TO Ja je O-TIMHEH je/IHA OJf MIABHHUX KOMIIOHEHTH E€TapCcKOr YJba
cubupckor Bopa, OCHOBAHO je MpeTnocTaBuTH Aa je unxubdbunuja COX-2 jenan o1 npuMapHUX
MEXaHH3aMa JenoBama GopMynauuja 6azupaHux Ha oBoM yiby. OBaj MexanuzaMm O Morao
OuTH mocedHO 3HAYAjaH Y TONHKAJIHO] Tepandju HH(pIAMATOPHHUX 000JbeHA KOXKe, Tje Ou
MHXUOUIIM]A JIOKAJIHE MPOIYKUHje NPOCTAINIAHHHA MOTIIA JOINPHHETH CMACHY EPHUTEMA,
enema u 6oma. llopen yrunaja Ha aktuBHocT COX-2, aHTHHH(IAMATOPHM MOTCHLHjal o-
NMHEHA CE€ MOXKE NPUIIMCATH HETOBOM [ICJIOBAKY HA BHIIE HH()IAMATOPHUX IIyTEBa.
Jokazano je na o-MMHEH W CPOJHM MOHOTEPIIEHH, Kao ITO je [-muHeH, MHXUOUpajy
uHIAMATOPHY HHGMUITPAIH]Y JEYKOIMTA U CYNPHMUPAjy ocrnobahame XucTaMuHa, duMe
CMamby]y MPONYCTJBHBOCT KPBHHUX CyJ0Ba M JokanHe nH(ramaropue peakiwje. [lopen tora,
MOKA3aHO j€ Ja Oo-NMHHEeH HHXHOUpa aKkTHBALM]Y K/bYYHHMX HH(IAMATOPHUX MeJHjaTopa,
yisbyuyjyhu [KK-PB, kacnaszy-1 u nykneapuu daxrop kana B (NF-kB), koju umajy uenrpanay
YIOTY Yy NPOAYKIMjH NMPOHHGIAMATOPHUX HHTOKHHA M OJp’KaBamy XpoHWU4He ynane (152—
155). OcuM gupeKTHOT yTHliaja Ha HH(IAMATOPHE CHUTHAJIHE MyTEBE, O-IMHEH HCKa3yje H
CHAXKAH AHTHOKCHIATHBHH e()eKaT, IUTO [JOJATHO JONPHHOCH HbETOBOj AHTHBOCIAJHO]
AKTHBHOCTH. PelyKuMja OKCHIATHBHOI CTpeca, Kao jeJHOT O IOKperada MHGIAMAaTOPHHX
npoueca, omoryhaea cmameme omrehema TKHBA M MOAYJIALHM]Y HMYHOIOIIKOT OATOBOPA.
Cmarpa ce 1a o-IIMHEH Jelyje Kao perylarop XoMmeocrasde clo0OIHHX paJuKata, WTo je
noceDHO 3HAYAJHO Yy NHATOTeHEe3d MH()IAMATOPHUX M JIereHEPAaTHBHUX 000/beHA.
Cunepructuuk edexar o-nmuHeHa, Koju obyxsata unxuburujy COX-2, moaynanujy NF-xB
CHTHATTHOT MyTa, Cy30ujambe HH(UITPALMje IEYKOUMTA H AHTHOKCHAATHBHO [I€JI0BALE,
YKa3yje Ha EroB 3HA4YajaH TEPArdjCKH MTOTEHIM]al.

Wudnamatopun oarosop y apyroj (a3 xapaktepuille HATOMHIIABAE PEAKTHBHHX
kuceoHnyHux Bpcra (POC), mwto g0BOAH A0 OKCHIATHBHOT cTpeca u omtehema henujekux
ctpykrypa. Tokom oBor mpomeca, Heyrpodunu ocnobahajy cimoboane pagukane, Koju
UHTEparyjy ca IMIHIUMa IuasMa Membpane, y3pokyjyvhu nunumny nepoxcumaumjy (156).
OBaj MexaHH3aM JOBOJM JI0 HapyiiaBama henujcke nmepmeaOunHocTH, yop3aBa aerpaganujy
npotedHa M Moke pesyntupatH henujckom mmzom. [lopen Tora, nopemehaj crpykrype
MeMOpaHe MoOKe H3a3BaTH AUCPYHKIM]Y €H3MMA VK/bYHEHHX ¥ perynaudjy henujckor
MeTalonu3Ma, WTO J0JaTHO moropiuasa uH(IaMmatopud npouec. Kao xomnenzaumonu
MEXaHHM3aM, OpPraHM3aM AaKTHBHPA AHTHOKCHJATHBHE €H3UME, YKJbydyjyhu cymepokcup
JMCMyTa3y, KaTanasy ¥ rayratHoH nepokcuaaldy (GPx), uuja je ynora ymMameme IITETHHX
edekata cnoboTHUX paauKana v ouyBame hemujcke xomeoctase (157).

Jlununna nepokcuaanMja je jenaH o KibydHUX OHOMapKepa OKCHAATHBHOT CTpeca H
uHbnamanuje, wro notephyjy 3naudajuo nosehann Husou TBARS y ynassenom tkupy. OBaj
HOPACT je HAPOYHTO M3PAKEH Yy HETPETHPAHO] TPYMH M KO JKHBOTHIGA TPETHPAHHUX
topmynanujama Oese rena U MAcTH, IITO YKa3yje HA HEJOCTATAK AKTHBHHUX KOMIIOHEHTH ca
AHTHOKCHIATHBHUM JICJIOBAEM Y OBHM mpenapatuMa. Hacympor tome, Koj JKHBOTHEGA
TPETHPAHHUX TOMHKAJIHUM (hopMynanHjaMa ca eTapcKuM yibeM cubupcekor bopa npumeheno je
CTATHCTHYKH 3HA4YajHO cMameme HuBoa [BARS, mro je npaheno cmamemeM BemuunHe
oroka mane (Purypa 8I'). OBo cMameme MOKE €€ NPHUITHCATH MPHCYCTBY MOHOTEPIIEHA O
NMHEHA, [-TMHEHAa W O-KapeHa, KOJU Cy I[O3HATH [0 CBOJUM AHTHOKCHIATHBHHUM H
aHTHHH(pIAMATOPHUM cBOjcTBUMA. OBM  pe3ynTatd  yKasyjy Ha TO Ja peaykiuja
OKCHATHBHOI CTpecad, MOCPeJOBAaHA AKTHBHUM CACTOJLHMA €TAPCKOT y/ba cHOHpCcKOT Oopa,
MOJKE MMATH 3HA4YajaH YTHIA] HA cMambeihe HHIAMATOPHE peaklMje M 3amiTHTy henmjekux
crpykrypa o owmtehema, WITO A0JATHO ONPAaBAaBa HBHXOBY HPHMEHY Y TEPAIHjCKUM
cTparervjama 3a ctarba npahieHa ynajaHuM npouecuma.
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HMupykuuja undnamanmje kapareHaHOM JI0BEJIA je 10 3HA4ajHOT CMaheHha AKTHBHOCTH
antHokcuaatupHux emzuMa SOD u CAT y undiaMupaHoM TKHBY KOJ KOHTPOJIHE TpyIie,
mTo je jacHo mnpukazano Ha ®Ourypama 8A u 8b. OBa peaykuuja aKTHBHOCTH
AHTHOKCHIATHBHUX €H3MMA YKa3yje Ha HHXOBY IPEKOMEPHY NMOTPOLUEY YCIIE] HHTCH3HBHE
npoaykudje POC y Toky mupramatopHor npoieca. Y yclI0oBHMa XPOHHYHOT OKCHAATHBHOT
cTpeca, MCUPIUBHBAKRE AHTHOKCHAATHBHHUX CH3MMa JOBOAM 10 JaucbanaHca wu3mely
ONpoayKuuje cIoDOAHHUX PaJHKala M 3AIITHTHHX MEXaHW3aMa OPraHu3Ma, IITO Pe3yiaTHpa
omrehemwem hemnjekux crpykrypa. Ha ocHOBY 100HjeHHX pe3ynTaTa, MOKe ¢ 3aK/bYHHTH [a
HuBO GSH, kao jenHor oj TIaBHUX CGHAOTCHHX AHTHOKCHJAAHATA, HHUJE 3HAYAJHO H3MCHCH
u3Mmel)y MCIIMTHBAHMX Trpyna y clIy4ajy JepMaliHe IIPUMEHE NPEenapara ca €TApCKHUM YIbeM
cubupckor ©Oopa (®urypa 8B). Osaj wnamaz cyrepume ga GSH sampxasa cBojy
KOHLIEHTPALIH]Y YIPKOC NMPUCYTHHUM HH(IAMATOPHHUM NPOLECHMA, IITO YKA3Yje HA TOCTOjamke
KOMIICH3AIMOHHX ~MEXaHH3aMa KOJH pEerylHily meroB wmerabonuszam M oJpiKasajy
aHTHOKCHAATHBHY 3amwtuty. Moryhe je nma pgepManHa npuMeHa He NPyKa [JOBOJbHY
CHCTEMCKY OHOpacnonokuBocT jga Ou 3Hauajuo yruiana Ha HuBo GSH y mepudepnum
tkuuma. C pyre cTpaHe, JOCTYIIHA HCTPAKHBAKA MIOKA3Y]y [Ja OpPajiHA NPHUMEHA O-THHEHA
3HauajHo yrude Ha mnosehamwe HuBoa GSH y uenrpannoM HepBHOM cuctemy. OpanHa
NpUMEHa O-TIHHEHA je crpednna cMameme HuBoa GSH y Koprekcy u cTpHjaTyMy H3a3BaHO
OKCHATHBHHM CTPECOM, IUTO YKA3Yje HA HETOBY JACHY AaHTHOKCHIATHBHY akTuBHOCT. OBaj
ehexar ce objammapa cnocobrHomwhy o-muHeHa Aa HeyTpanuie ci0bOJHE pagHKaTe,
HNEePOKCHIE M JIMITH/HE [IEPOKCH/IE, KA0 U Ja crpeun omwrtehema H3a3BaHa TEMIKUMM METATHMA.
V3 TO, G-MHMHEH MOACTHYE AKTHBHOCT TIIYTATHOH MEPOKCHAA3E, YHME JOMPHHOCH OYYBAHY
MHTETpUTETa hEMMjCKMX KOMIOHEHTH MW OCTBapyje HeyponpoTekTHBHH edekar (39).
[Topehemem pepManne U opaiHe NPHMEHE, MOKE CE YOUHTH Ja je e()eKar o-MHHEeHA Hd HUBO
GSH wu3paskeHHjH KOJi OpajHE NpPHMEHE, MITO je MOCIeqHIa HheroBe 00/be CHCTEMCKE
ancopmudje u auctpubyuuje. Jox nepmanuna npumena obeszbehyje nokanHy 3amTHTY H
AHTHOKCHIATHBHE e()eKTe OIpaHMYMEeHE Ha MECTO IIPHMeHe, OopajiHa npuMeHa omoryhasa
IWIHPOKY CHCTEMCKY JUCTPUOYUMjY aKTHBHE CYICTAHIE, Ca [JHPEKTHHM YTHLAJeM Ha
HEHTPAIHH HEPBHH CHCTEM.

CynpoTHo TOME, KHBOTHIGE TPETHPAHE JEPMAIHUM IIPeNapariMa Ha 0a3zd eTapckor
yba cubupckor Oopa mokazane cy 3HadajHo mnosehany axktuBHoct SOD u CAT vy
HH()IAMHPAHOM TKHBY, IITO YKa3yje Ha [0ja4aHy aHTHOKCHIATHBHY 3amTuTy. OBaKaB Hana3z
MMIUIMIHPA [a 4KTHBHE KOMIIOHEHTE €TapcKor yiba CHOMpCKOr 0Oopa Momynupajy
HH(IAMATOPHH OArOBOp, JenyjyhM Kao CTUMyZnaTOpu EHJOTEHHX AHTHOKCHIATHBHHX
€H3MMa, HHMME Ce CIpedaBa I[porpecHja OKcHaaTuBHOr omrehema. AHTHOKCHIATHBHA
cBOjcTBA OBHUX (hopMmynalMja MOTy [JonpHHETH crabuwmu3zauuju hemujckux memOpaHa
crpeyaBamy gaker owrehewma TKUBaA, WTO ce peduieKTyje Kpo3 peayKuujy HHGIAMAaTOPHHX
OuoMapkepa M cMameme eema. MexaHuzaMm JelioBarba OBHX IIpenapara Moxe ce odjacHuTH
HBHXOBUM CIEHMPHUYHAM XEMHJCKHUM NpodHIoM, KOjH je DOTaT MOHOTEpPNEHHMA, KAo IITO Cy
o-muHeH, B-nuHeH U d-kapen. OBH MOJIEKYJIH CY MO3HATH T0 CBOjOj CMOCOOHOCTH Aa Jenyjy
KA0 XBATa4M CI000JHHX PaJHKaAIa, CMambyjyhH NPOIyKUHjy PEAKTHBHHX KMCEOHHYHHX BPCTA
u uHxubupajyhu nmunumny nepoxcumaumjy. [lopen Tora, MOHOTEPIEHH MOTY JAMPEKTHO
YTHUATH HA MHQIAMATOPHE IIyTE€BE, MEHajyhu aKTHBHOCT €H3MMA M CHTHAIHHX MOJIEKYa
YK/bY4eHHX Yy peryiauujy ynaue (158). V jenHoj cTyauju je A0Ka3aHO Aa O-MHHEH INTHTH
[EC6 henuje oj OKCHIATHBHOT CTpeca M3a3BaHOT ACIHPHHOM, LITO C€ OTJig[a Yy O4UyBamy
henujcke BUTATHOCTH, CMALECHY JIMIH/IHE MEPOKCHAAIM]E H PeayKIMju akTHBHOCTH SOD u
MaHTaH-3aBHCHE cynepokcuj gucmytaze (Mn-SOD). [TocebHo je 3HauajHO WTO je O-TTUHEH
noBeo jo geakrupauuje dochopunanmje p38 n JINK MurOreH-akTMBHpaHHX HPOTEHHCKHX
kunaza (MAPK), yume je cmamen unHdaamMatopHu oarosop, ¢ ob3upoM Ha TO 1a je p38
MAPK kputuuan 3a ekcrnpecHjy npouH(IaMaTOPHHUX HMUTOKHHA M MeaujaTopa. Muxubuuuja
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OBOT CHTHAJIHOT IIYTA CIPEHYaBa IPEKOMEPHY AKTHBAUM]Y HMH(IAMATOPHUX MeXaHH3ama,
cMamyje okcuaatueao omrtehemwe henuja u orpanuyuasa nporpamupany henujcky empt. OBu
pesyiTaTH yKa3syjy Ha TO Ja O-ITMHEH MOKe OMTH KOpHMCTaH y mnpeBeHuuju omrehema
raCTPOMHTE CTHHAIIHOT €IUTENd H3a3BaHUX ACIHPHHOM, ¢ 003MPOM Ha HBEroBy cnoco0HOCT aa
moayiuie p38 MAPK u INK MAPK curnanne nyrese, cMamyje HH(IAMATOPHH CTPEC H
oap:kaBa henujcky xomeoctazy (159). ¥V oBoOM KOHTEKCTY, JOOM]j€HH pe3yaTaTH CYTepHIIy Aa
€TAPCKO yJbe CHOMPCKOT 0Opa M HEroBe TIJIABHE KOMIIOHEHATE, KA0 INTO Cy I[IHHEHH,
HCII0JbABA]Y aHTHHH(IaMATOPHH eheKaT KPo3 HHXHOHIH]Y KIbYYHHX CHTHAIIHUX IIyTEBd, IPH
4eMY HCTOBPEMEHO JONPHHOCE OAPKABAWKY OKCHAATHBHO-aHTHMHOKCHIATHBHE PABHOTEKE H
peayKuHju HHGIAMATOPHUX MEHjaTopa.

OBy Hanasu cy 3Ha4ajHu jep notephyjy na Ou gepMaiina mpuMeHa npenaparta Ha Oasu
eTapcKor yipa cubupckor Gopa MOTNIA NMPEACTABILATH eyUKAcHY CTPATErHjy 3a KOHTPOIY
HH(IAMATOPHUX CTakka, IO0CeOHO Yy KOHTEKCTY 00o/bema npaheHuX  XPOHHYHHM
OKCHIATHBHHUM cTpecoM. Jlaba uctpakusamwa 6u tpedano aa ce GokycHpajy Ha KIHHHYKY
HOTBPAY OBHMX pe3yiTara, KaKo OM ce YTBPAMIA HHXOBA IPHMEHA Y TEPAIHjCKUM
NPOTOKOJIMMA 34 JICHEHEe KOKHUX HH(IaMaTOpHUX DONecTH.

5.3.3. EduxacHocT JepMajHUX npenapara Ha Da3H e€TapcKor y/ba CHOHpPCKOr
Oopa y Tepanuju 3apacrama paHa

Omrehewa Koke H3a3BaHa (UIMYKUM HIH XeMHJCKHM (GaKropuma, Koja JI0BoJEe A0
NpPEKHIa HEHOT HHTerpurera, neduuHuimy ce kxao pane. Oue mnpeacTaBibajy 3HAYAjAH
rio0aiHy 3JPAaBCTBEHH NPOOIEM, ¢ 003MPOM HA HHXOBY BHCOKY IIPEBAICHIY U CIOXKEHOCT
neuewa. [logamu ykazyjy na 4€ak npeko 8 MWIHOHA JbYJHM IIHPOM cBeTa Oosyje panHa
(aKYTHHX M XPOHHYHHX), IITO OMETA KBAJMTET KMBOTA NALM|EHATA H IIPECTAB/bA 3HAYAJHO
ontepeheme 3a 3apascTBenu cucteM (160). Jledemwe pana 3aBHCH 01 BHXOBOT THIA, QyOHHE U
BEJIMYHHE, NIPH 4eMy C€ KOJ MamHX W NOBPLIMHCKUX paHa Hajuemhe mpuMemyje JoKaiHa
HIIM CHCTEMCKA TEparuja CHHTETCKMM AHTHHH(IAMATOPHUM M aHTHOHMOTCKMM NperapaTHMa.
Mehytum, KOO TEKHX M XPOHHYHMX ODJIMKA HEOMXOJHE CY CJIOKEHHje HHTEPBEHIH]E,
YKJbY4y]yhH XUpypLIKY caHalM]y, OACTABHBAKE HEKPOTHYHUX TKHBA H IPHMEHY HAIPEIHHUX
Ouomatepujana koju yHanpelhyjy npouece pereHepanuje.

Ocum (akTopa cpeiuHe, Ka0 WITO CY HEJOBOJbHA XHIH]CHA, HENPABHIIHA HEra paHe u
H3JI0KEHOCT KOHTAMMHHPAHO] OKOIHHH, KOjH MOTY TPOAYKHTH NpOLEC 3apacTamba H
noeeharu pusuk oy uHEKIMja, 3HAYAJHY YIOTY Y KOMIUIHKAIMjaMa 3apacTamba HMajy |
pazmuauTH  yHyTpaumsd Gaxkropu. Onpehena xpouuuna obosmemwma, nonyt gdjabereca,
BacKynapuHux  oboswema  (mepudepHa  aprepujcka  6onect,  XpOHMYHA — BEHCKA
HHCYHIH]eHIIM]a), MATHY TPHIIHj€, XUIEPTEH3H]€ U XpoHH4HE OyOpexHe uHCyuijeHIH]e,
3HAYAJHO YCIIOPABajy IPOLEC 3apacTarba YCie[ HAPYLIEHEe MHKPOLHPKYIALH]E U CMAambeHe
okcurenanuje Tkuea. [lopen Tora, cucremcka obosmerwa monmyT ayrouMyHux mnopemehaja
(peyMaTrouHH apTPUTHC, CHCTEMCKH JIYIIYC €PHTEMATO3YC) M XPOHHYHHUX HHGIAMATOPHHX
cratba (Kponosa ©Oonect, ynuepo3Hd KOJMTHC) [OAATHO KOMIUIMKY]Y percHepaTHBHE
MexaHu3Me 30or mnoBehaHor okcupaTHBHOr crpeca M aucOanaHca HMHQIAMATOPHHX
Meaujatopa. MMyHOocynpecuBHa ctama, kao mwrto cy uHdpexmmje (XUB/AWUJIC), oukonomike
Oomectu, Tepamdja KOPTHKOCTEPOMOMMA W  HMYHOCYNPECHBHHM JICKOBHMA  HAKOH
TPAHCILIAHTAUM]a, Takohe npeacTaBibajy 3HauajHe (hakTope pU3MKA 33 NPOIYIKEHO 3aPACTALE
u nmosehany nopnoxuocT cekyHaapHuM uHpexuujama. Y TOM KOHTEKCTY, JIe4eHe paHa
3aXTeBa MYITHAHCUMILUIMHAPAH MPUCTYI KOJH YK/bY4Yje NPOLEHY CBHX PEICBAHTHHX
dakropa, yk/by4yjyhu onmite 31paBcTBEHO CTAbE MALM]EHTA, IPUCYCTBO KOMOpPOHMAHTETA H
HHIUBHIYaAIHE Tepandjcke norpede. OnTuMH3alMja Tepandje MoapazymeBa KOMOMHALH]Y
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(apMakoNnOIIKUX, XHUPYPIIKHX M PETEHEPATHBHHX METOJAA, Cd [HJbEM CMAambeHa
KOMIUTHKAILH]a, yOp3ama 3apacTama U N000Ibllaka KBAINTETa JKHBOTA mauMjeHata (61,65).

XpoHu4HE paHe KOj malMjeHarta ca aujaberecoM MpejcTaB/bajy jeaaH o1 HajBehux
M3a30Ba CABPEMEHE MEIHIMHE, ¢ O03HPOM HAa BHUXOBO CIIOPO 33PACTAE M BHCOKY CTOITY
koMrHKanuja. OCHOBHH MaTo(hH3HOJIOMIKH MEXAHHM3aM KOJH CTOjH M3a OBOT mpobiema jecte
XpOoHHYHA HMH(pIaManyja, Koja je KapaKTCpHCTHYHA 33 AujadeTec M AMPEKTHO JONPHHOCH
omrehewy nepudepue mupkynauuje. OBo OBOAM /10 CMaKkEHE OKCHT€HALM]E U HYTPHTHBHE
HOJIPIIKE TKHBY, HHME CE YCIIOPaBA pereHepauuja u 3apacrame pana. JlomatHu ¢akrop koju
KOMIUTHKY]E OnopaBak je aujaberecHa HEypomaTHja, KOja cMamyje OCETUBMBOCT Ha 601 u
oHemoryhasa nauujentuma na Onarospemeno npumere omrehema Ha KOKH, IITO JOBOIAM 10
nporpecHje M XpoHUYHOCTH OBHX yiuepauuja. [lopen nmopemehene MHKpoumMpkynauuje u
HEYpONaTHje, XPOHHYHA XUIEPIITHKEMHja JOTPHHOCH HMYHOCYNPECH]H, INTO 3HAYAJHO
noeehaBa pusuk oj Oaxkrtepujckux uHeEKIMja M JOJATHO OJyiake 3apacrame. HemoBossHa
cnocobHOCT opraHu3ma ja ce Oopu mporuB uHbekudja omoryhaBa HecMeTaH pa3Boj
NATOTeHHX MHKPOOPTaHM3aMa, IITO YEeCTO PEe3yJITHPa HEKPOTHYHHM NMPOLECHMA M MOTpedoM
3a arpecMBHHMM TepanujckuM npuctynom. Hajuenrha noxkamusammja nujaberecHux pana cy
JIOHH €KCTPEMHTETH, Tjie 300r KOMOMHOBAHOT JiejcTBA HeyponarHje, ciabibemna MMPKyIalHje
u uHbpekirje Moxke aohu 10 Hekpo3se, WTO ¥ TEKHUM CIyHajeBHUMa JIOBOJAH A0 moTpebe 3a
amnyTtauujoM. 3abpumasajyhe je na TpeHyTHH MOAAlM yKa3yjy Ha MOPACT Y4ECTATIOCTH OBOT
npoOiema, IpH HeMy ce mpouemyje ga dak 15% nujabernuapa pa3sBuje XpPOHHHHE paHe Ha
JIOEHM €KCTPEMHTETHMA, a 3Ha4ajaH Opoj mHX 3aBpiiaBa ca amnyTtaiujoM cronana (79). Osaj
TPEeH/| HArjaiasa XUTHY nmoTpedy 3a pa3sojeM eMKACHHjUX TEPanmHjCKUX CTPAaTerHja Koje He
camMo Ja Oum ybpsame 3zapactatbe, Beh M chpedwie HacTaHak WHMEKIHja W TEKHX
koMIukanuja. CaBpeMeHa MCTPaXKHBaKa YKa3zyjy Ja ynotpeda TONMKAIHUX Mpernapara ca
aHTUUH(IAMATOPHHUM H AHTHOKCHIATHBHHM CBOJCTBHMA MOJKE NPEJICTAB/LATH NMEPCIEKTHBAH
OPHCTYN Y TEpanmdjH OBUX CTama, cMamyjyhu okcumgaTuBHH cTpec W TnoOosbiiaBajyhu
JOKAIIHY MHKPOLUMPKYJIALM]Y, IUTO OM MOTJIO JONPHHETH yOp3aBamy Mpoleca 3apacrama |
CMAHECHY CTOIE AMITYTAllHja.

[Tocnequuno, XpoHuyHe paHe, a HAPOYMTO OHEe KOJ AujadeTHuapa, NpeACTABIbA]Y
3HAYAJHO EKOHOMCKO onrepeheme 3a 3OpaBCTBEHH CHCTEM YyCJed BHCOKMX TPOIIKOBA
JIYTOTpajHe Tepanuje, XOCIHTAIM3alHje W y4YecTalux KOMIUIHKanuja. KoHBeHIMOHAIHH
TEPANMjCKH NPHCTYIH, KOJH VYK/bY4YYjy [PHUMEHY AHTHCENITHKA, AHTHOMOTHKA W
aHTHHH(IAMATOPHUX JIEKOBA, YECTO 3aXTeBajy MPOJIYKEHO Jiedene, 1To nosehasa pusuk of
Heske/beHuX edexara, aHTHMHKpoOHe pesucteHudje u omtehemwa 3apasux txusa (70,71). C
THM Y BE€3H, HAy4HA 3ajeJJHULA ce CBE BUIIE OKpehe HCTpaKuBamhy MPUPOJHHUX TEPAIH] CKHX
OMIIHja, KOje CYy 4eCcTo MpUcTynadHuje, 6e3beHuje U ca Malbe HEKEJbeHHX peakiHja, a Koje
MOTY MMAaTH 3HA4YajaH MOTEHUWjal y yOp3aBamy 3apacTarkd M CMambely PH3HKA Of
koMmIukanuja. JlokanHa npuMeHa IEKOBHTHX IpENaparta y TEpPanujH paHa [oKasama je
OpojHE NPeJHOCTH Yy OJHOCY HA CHCTEMCKY TepanHjy, ykbydyjyhu nupextHo penoBame Ha
Mmecty omrehewa, bomy neHetpanujy y ayoime ciojese koxke, sehy GMopacmonoKuBoct u
CMameH PH3UK O] CHCTEMCKHX Heke/beHux edexara (161). Osakas mpuctyn omoryhasa
00/bY KOHTPOIIY HH()IAMATOPHOT OATOBOPA, PEAYKIH]Y OKCHAATHBHOT CTpeca U nodoJsbliame
JOKAIIHEe MUPKYIalHje, INTO Cy K/bydHH (JAaKTOpH Yy HPOLECY pereHepanuje TKHBa. Y TOM
KOHTEKCTY, IPHPOJHH AaKTHBHH CACTOJLH, IONYT €TAPCKUX YJba M OMIBHUX EKCTPAKATa, CBE
BHILIE C€ MCTPaKyjy Kao IMOTCHUMJaHH TEPAaNeyTCKH AreHcH, ¢ 003MpoM Ha HBHXOBA
aHTHUH(IAMATOPHA, AHTHOKCHIATHBHA M AHTHMHKPOOHA cBojcTBa. HbuxoBa npumena moxe
3HAYAJHO YMambUTH NoTpedy 3a AyroTpajHMM AHTHOMOTCKMM PEKHMHMA H HHBA3UBHHUM
TEpaNMjCcKUM Hpoueaypama, JonpuHocehn cMamemy €KOHOMCKOT Tepera W yHanpehemy
MCXO0/Ia JIe4eHha XPOHUYHHX PaHa.
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HMako ce TpenuuHOHAIHO €TAPCKO y/be CHOMPCKOr 0Opa IpUMEmYje y Jieuery
Opojuux 000JbeHa M KOPHUCTH 3a Macaky 300r cBor OmarotBopHor edekra HA yMOp H
BUTAJIHOCT, HE MOCTOje JHUTEPATYpPHH MOAalM Koju moTBplyjy meros moBosbaH edekat Ha
TperMman paHa. Ca apyre crpase, 300r cBor crneuu(p)MUHOT MHPHCA M CIIOCOOHOCTH JIa IITHTH
M HETyje KOKY YJIa3d y cacTaB OPOJHHX KO3METHYKHX NPENnapara 3a TONHKAIHY YHOTpedy
(22). Vzepmm vy o003Mp OJMMYHE KAPAKTCPHCTHKE Y BHAY AHTHOKCHIALIMOHT,
antuMOakTepujckor M anTHuH(IaMauujckor edexra, NpeTnocTaBHiIM  cMo jga  he
HHKOPIIOPHPAEM Y IOJIy4YBpCcTe TomMKkanHe mnpenapate EY cubupckor Oopa mokaszatu
NMoBOJbaH eheKaT Ha 3apacTame paHa kKon aujaberuunux marosa. [lpahewe moteHumjama
TONMKAJIHUX Mpenapata Tuna MactH M ren ca EY cubupckor Oopa je H3BpiIeHO
MaKpOCKOIICKHM [OCMATPAhEeM CMAbeha BEMYHHE paHe, and | npahemeM 0HOXEMHJCKHX H
XHCTOMATATIOMKHX MPOMEHA.

Kon makpockomnckor npahemwa, OuTHH (akTOpH Kao INTO Cy KOHTpPAKUHja paHe H
enuTeIM3aH]a YKa3yjy Ha moBoskaH edexar y npouecy 3apacramwa. Ha Coamuu 1. ce jacHo
MOJKE BHJICTH Ja J€ TPOHE[Ee/bHA MPHMEHA MAcTH ca cuOupckuM DOpoM jJ0Bena 10 MOTIyHe
KOHTpaKIHje W eNHTEeNH3allHje paHe Koja je NPeTXOJHO H3a3BaHAa METOHAOM eKCIIM3Hje.
Tonukanuu npenaparu Ha Oa3su cubupckor Oopa cy Beh ox ceaMor gaHa MNoKa3aiu
cynepuopaH edexkar y OJHOCY Ha KOHTPOIHE TIPyIe, KA0 M TPYIy JKHBOTHHA Koja je
TpeTHpaHa cpebpo-cyndaauazuHoM Koju je kopuiihen kao nosutusHa Kourposia (Ourypa 9).
Y kipyuHHM TpeHyuuMa npahema, ogHocHo 14. u 21. gana, ren u mact ca EY cy zaapikanu
CBOj UMMo3aHTaH edeKaT Ha KOHTPAKIH]Y paHe, ca MakcumainuMm edextom oa 98,14% 3a
Mact ¥ 96,28% 3a ren ca cubupckum Gopom. Ha kpajy TpoHene/bHOr MCIHTHBAHA,
CBAKOJHCBHEC NPHMEHE TONMKAIHMX Ipenapara Ha paHe aujabeTHuHMX manoBa o0ujeHH
pe3yiITaTH NOKa3yjy Aa je Bpeme peenurenusauyje kpahe y rpynama TpeTHpaHHM eTapCKHM
yJbEM y OJHOCY Ha octane rpyne. OBO Cy IUPEKTHH MOKa3aTe/bH e()MKACHOCTH TOTMKATHHX
tomynammja Ha 6a3u cubupckor 6opa Ha 3apacTame paHa KoJl nanosa ca aujabetecom.

M3y3eran TepanujcKH MOTEHIMjall TOMMKATHUX (opMynanpja ca €TAPCKUM YJbEeM
cubupckor Bopa MOKe ce MPUIHCATH BeroBoM OoratoMm ¢utoxemujckom cactaBy. [locebro
ce M3/Bajajy MOHOTEPIICHH O-TIMHCH, P-MIMHEH H O-KapeH, KOjU CY KA0 HAJ3acTYIUbCHH]E
KOMIIOHEHTE OBOT Y/bd BEPOBATHO MMAIH KJ/BYYHY YIOIY y MPOLECY 3apacTama paHa.
Tepnenu, Koju Cy MO3HATH 110 CBOM AJCTPUHICHTHOM M AHTHMHKPOOHOM JICJIOBAMY, MOTY
VHANPEIHTH pPEreHepauujy TKHBA TAKO IITO YOP3aBajy KOHTPAKUM]y paHe M IOACTHYY
enutenuzandjy (162,163). 3axpamyjyhu cBojuM (GU3HYKO-XEMHjCKHM CBOjCTBHMA, €TapcKa
y/ba HMajy cHocOoOHOCT Nake HEeHeTpalMje Kpo3 KOXKY, TAE OCTBapyjy BHIIE 3HAYAJHHX
ouosomkux edekara, ybydyjyhu anTHHH(IAMATOPHO, AHTHOKCHIATUBHO M AHTHMHKPODHO
JIeIOBake, KA0 M CTHMYJIaTHBHH edekaT Ha cuHTedy kosareHa. OBa koMmOuHauuja
AKTHBHOCTH JIONPHHOCH PETYIAlMjH MEXaHM3aMa 3apacTama PaHa, INTO MOKE 3HAYAjHO
YHANPEIUTH nponece pereHepanuje omrrehenor tkusa (85,86).

VY cruagy ca A00HjeHMM pe3yiTaTHMa, jejHa CTYAHja jé TOTBPANIA Ja eTapcKka yiba
paznmuuuTHX Bpeta Pinus-a ca noxapyuja Typcke uMajy moBo/baH ed)eKAT HA 3apacTamke
eKcUM3HOHMX paHa. Hapegena wucTpakuBama Cy TOKazana 1ga cy 3a oBaj edexar
HAjBEPOBATHH|E OJTOBOPHH C-THHEH W [J-TIMHEH, KOjH c€ M3/Bajajy Kao TJIABHE KOMIIOHEHTE
OopoBux etapckux ysba. Hbuxoea cmocobnoct uHXMOMpama aKTHBHOCTH XM)alypOHHJIA3e
MOKE€ MIpaTH 3HAYajHY YJIOTY Yy 3alITHTH M cTaOMiIu3anuju BaHheIHjCKOT MaTpHKCa, HITO
JIOAATHO MOJIpKaBa BHUXOBY YIIOTY Y 3apacTamy pana (147,148). Pesynratu cryauje koja je
HCIIUTHBANA e()eKaT KpeMe ca KATpaHOM 0O0pa MOKa3yjy BHCOKY NOJYAAPHOCT Ca HAIIHM
Hanazuma. Haume, Tonukanua npumena dopmynaimje koja caapsku 1% katpana gosena je 1o
3Ha4dajHor nmosehamwa KoHTpakuuje pane y nopeljemy KaKo ca HETPETHPAHOM TPYIIOM, TAKO H
ca rpynama TtperupanuMm 1% cpeOpo-cyndaguazunom, wuctHdayhu noteHuujan  oBe
dopmynanuje y nobossliamy npoueca 3apactama (135).

76




OKTOPCKA JUCepTalHja Munnna Hukonuh
P P 1

Konaren, kao npuMapHu CTPYKTYPHHM NPOTEHH BaHREIH]CKOT MATPUKCA, HIPA KIBYHHY
YIAOTY Y OJpKABAKY HMHTETPHTETA TKHBA M OPraHa, a IEroBa CHHTE3a je 0] CYIITHHCKOT
3HA4Yaja 3a NpoLEC 3apacTama paHa. tberoBa mpoaykuuja ¥ HATOMHIABAKE CY HAPOYHTO
BKHHU ¥y (ha3u peenuTeNn3aluje 1 PeKOHCTPYKIHje omrTeheHor TKHBa, ITO ra YHHH jeHHUM
OJ1 TJIABHUX OHOMapKepa pereHepaTHBHHX MexaHu3zama (164). Mnax, pa3smuyuT maToiomKu
thakropu, xao wTo je aujaderec, MOTY MOPEMETHTH CHHTE3Y KOJareHd, YUME ce MpOoJayxkKaBa
Tpajame pereHepaTHBHOr mpoueca W nosehaBa pu3MK 0 HactaHKa XpoHudHe pane. C
003MpOM Ha 3HAYA] KONAr€HA Y OBHM MEXAHM3MMMA, HbETOB CA[PKa] ¥ TKHBY KOXKE je
NPOLECHEH MEPEHEM HHBOA XHAPOKCHIIPOJIHHA, AMHHOKHCEIMHE KOja je OATOBOpPHA 3a
cTaDWIHOCT, CHHTE3y M  HAroOMUIaBame KojareHa y  TkuBy. KoHueHtpanuja
XHPOKCHIPOIMHA j€ JAMPEKTaH MOKasare/b (haze 3apacrama paHe, ¢ 003HPOM Ha HBETOBY
yaory y ctuMynandju henujeke nponudepanuje, nobosminamy OHOCHHTE3E KONarcHa, Kao Uy
NPOLIECHMA HErOBOT ca3peBama M opraHuzauuje y tkuBy (123). V miby HcnuTHBaH:Q
pereHepaTHBHOT MOTEHIMJATd ETAPCKOT yiba cHOMpCKOr 0opa, CIpoBejeHa je aHanu3a
cajpiKaja XUIPOKCHIPOJIMHA Yy Y30pLUMMAa TKHBA H30JI0BAHHMM Ca MECTa I[IPETXOIHO
tdopmupanux pana. Opaj npuctyn omoryhuo je mpoieHy crnocoDHOCTH OBHX AEPMAalHHUX
dopMmynaumja a yHanpejae npolece CHHTE3e W TAI0KEHha KOIAreHa, IITO je KJBYHHO 33
HNOTBPAY BHXOBE e()MKACHOCTH Y TePAIHjH 3apacTara PaHa.

HakoH Tpu Hejel/be AamIMKOBamkba TONMKAIHUX (hoMmynamMja Ha mOJApydje paHe,
HAQjBUIIM HHUBO XHJPOKCHIPONHHA je 3abeneskeH y TpynaMa JKMBOTHEA Koje cy Oune
TpetupaHe dopmynandjaMa ca cubupckum dopom. Ha @urypu 12. ce MokKe yOUHTH 3HA4ajHA
paznuka uzmel)y rpyna Tperupanux npenaparuma ca cuOMPCKUM DOPOM M KOHTPOJIHHX TPyIa
KOje ¢y UuMale 3HATHO HWKH cajJpikaj XuapokcumpoiuHa. HajuctakHyTHju HHBO
XHJIpOKcHNpoauHa npumMehen je y rpynu tperupanoj mamthy ca cubupckum OSopoMm U 1O 011
9,69 g/mg cyBor TKHBA, 3aTHM KOJ| rejia ca cubupckum dopom o 7,26 g/mg cyBor TKUBa, U
KOJI TIO3UTHBHE KOHTpOJIE Koja je Tpetupana cpebpo cymbamuazutoM ox 5,79 g/mg cysor
TKUBA. Pesynratu Haler MCTpajkuMBama NMOKA3yjy Ja je JOKAIHA IIPHMEHA MACTH M reja ca
uHkopnopupanuM EY cubupckor Dopa ToKoM TpH Hejle/be JomnpHHena nosehamy cuHTe3e
KollareHa M OpikeM OIOpaBKY TKHBA KOJ paHa AMjadeTHdKHX namoBa. Y CKIaay ca OBHM
pesyntatuMa, noBehaH HUBO XHMIPOKCHNPONIMHA je yTBphEH M y TKHUBMMA TPETHPAHUM
MacTHMa KOj€ cajpske eTepuyHa yiba Hekux Pinus Bperta (pacmon: 17,54-30,60 g/mg cyBor
TkuBa) (148). OBu pesynratd ykaszyjy ma Bojachy yiory y nosehamy CHHTE3e H TAIOKEH:A
KOIIareHa MMa eTapcKo yJbe cudupekor Oopa. Pesynrarn Hawe cryuje yka3dyjy Aa o-IHHEH,
KA0 IJIaBHH CACTOjaK eTAPCKOr Yiba CHOMPCKOT 00pa, Urpa KbY4HY VIIOTY Y 3apacTamy paHa,
ponpuHocehn cHHTE3M M JENO3HIHJH KOJIATEHd, WTO M000JbIIABA MEXAHHYKY OTIOPHOCT H
crabunuoct okwbaka. OBU KoJareHcku Jaenos3utH 0be3belyjy ga koxka, 3axsamyjyhu cB0joj
CTPYKTYPH M TYCTHHH KOIATCHCKMX BIAKAHA Y PA3IMYUTHM CI0JEBHMa, MOKE A M3IPKH
HAINETOCT M CIIOJBHE CHIe TOKOM 3apacrama. llopen rora, o-mmHeH penykyje uHbramauujy
yOp3aeajyhu npenasak y asy perenepamuje. OBakBu Mexanu3Mu oMoryhasajy He camo dpike
sapactambe Beh u dopMmupame GyHKIMOHAIHOT M CTaOWIHOT TKMBA ca MODOIBIIAHUM
MEXaHHYKHM CBOjcTBUMA (43).

[Tosehanu cangpskaj XUAPOKCHNpOIHHA M DOJbe 3apacTame TKUBA npumeheHo je y
rpymaMa Kojuma cy Hadomiene opmynanuje ca EY cubupckor bopa a nogatno cy morsphene
NPEUHU3HUM XHCTONOWKUM aHann3zama. Hakon tpermana excumsuone pane mamhy u resiom ca
cubupckum Oopom yrepheHo je 3HauajHo noBehame mpucycTBa KosareH | MO3MTHBHHX
¢ubpouura u nosehaHe CycTHHE KONATEHHMX BJIAKAHA INTO j€ PE3yIATHPAJIO Ca3peBamby
okuibka (Purypa 14). Kako je 1o cama mosHato, Ja OM paHa NpPaBHIIHO 3apaciia, mopen
CTBapama KOJATeHA HEONXOJHO je pereHepucard mnospeljeHe KpBHE cyoBe IITO ce OJBHjA
npotiecoM anrdorenese (61). Jujaderec, kao XxpoHHUHO MeTA0OIHYKO 000IbEE PEMETH CBE
oBe mpouece 300r dHera [o0Ja3M JI0 OpOJyKaBama mpoleca 3apactama pana (79,165).
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[Topopuua MaTpukc METATONPOTEMHA3a, MIPA BHTAIHY YIOTY Y CIOKEHOM MEXAHH3MY
peenuTenn3anMje paHa, TAKO WITO PEeryJHIly aHTHOTEHE3y M YIPABIbakhe JEerpajaiijoM, Kao
H JICMO3HUIMJOM eKCeTpauenynapHor marpukca. Hama najsHagajuuju je MMP-9 koju je
YKJBYHEH Y INPOLEC pasrpajibe eKCTPAleIyIapHOr MATPHKCA, NPOMOBHIIE AHTHOTEHE3Y H
perynuiie npo-aHruoreHe uurokuHe. MMP-9, ce 6p3o ocnobahajy u axktusupajy jom y
no4yeTHUM (hazaMa zapactama paHa. Beha axmuBuoct MMP-9 nosesana je ca cMamemeM
nponudepanuje ¥ akTuBHOCTH (hubdpodmacTa, WTO AOBOJM 0 OTEKAHOT 3apacTama paHa,
MTO je ciay4aj KoJl nandjeHata ca adjaberecoM (166). Y Hamem HCTpaskMBamby, rpymna
JKUBOTHEbA KOJHMA je aluiMKOBaHa MacT W ren Ha Oasu EY cubupckor Hopa je moxazana
H3paKEeHO cMameme ekcrpecuje MMP-9, narnmamasajvhu  3amrutHe edekte  Hammx
npupoaHuX hopmynanuja 3a nokanny ynotpedy (Ourypa 14Hb,C). ¥V kopenaumju ca Hamom
CTYIHjOM, Y KOjOj je MOTNnyHa peenuTenusaluja youena 21. q1ana HakoH hopMupaba paHe cy
H PEe3yJITaTH KOjH MOKA3yjy Ja je cMameme excnpecuje MMP-9 nobap nokasatess eduxacHor
npoiieca 3apacrama pana (167).

3a pamuKy 0 KOHTPOIHHX rpyna ca GopMmupaHuM (GUOPO3HHM OIKHIBKOM TAE CMO
youmwntu nosehan HuBo CD34-no3uTHBHUX CTPYKTYpa, Y MCIHTHBAHMM TIpynamMa HaKOH
NpUMEHE MacTH M reia ca cubupckum Gopom npumehenu cy oxpabpyjyhu pesyntatu y
cmucny ojcycrea CD34-mo3suTHBHUX CTPYKTYpPa M 3HAYAJHOT cMambema [bal-mo3uTHBHHX
makpodara. Kako panuje ciposejieHa HCTPaKHBARLA CYTEPHINY A j€ HEJOCTATAK MO3UTHBHHUX
CD34 ctpyktypa moBeszaH ca e)MKacHHM 3apacTaleM paHa MoxeMmo pehu ga je oBo
norepheno u Hammm ucnutHBameM (168). OBH pesynTaTH Cy y CHaKHO] KOpEJalHjH ca
MpoLecOM KOHTpakiuje pane, Harmamasajvhu nqa EY cubupckor 6opa MoKe MOCIYKHTH KA0
HOBa, moTBpheHa crparerwja vy sedewy  aujaberecHux  pana.  [locmatpamem
XHCTOIATOJIONIKAX IPOMEHA HAKOH TPOHEAE/bHE AIUIMKALMje NEPMAIHUX [perapara Ha
MECTO paHe MOKEMO NPHMETHTH [a je y TPYIIaMa TPeTHPAHHM CHOMPCKHM DOpPOM 3aCTYILBEH
NOTIYHH ONOpaBak JeOJbMHE emuiepMa €a OYYBAHMM LHUTONOMIKHM KaPAKTEPHCTHKAMA
(Purypa 13). Kog KOHTpONHHMX Tpyna je cUTyallMja Apyraddja, jep je Ha MecTy paHe
npumeheno ¢ubposno TkMBO 0Oe3 KapakrepucTHKa HopmanHe Koske. Hame pesynrare
notephyjy u apyre cryauje Koje ¢y ce OaBHie JOKaJIHOM NMPHMEHOM JPYTHX BpcTa DopoBa
kKojuma je morephena edukacuoct dopmynaimja y Tpermany pana (135,148). Uctpakusamy
JIOATHO TOKA3yjy Aa oBakee (GopMylalMje 3Ha4ajHO moOOoJbIIABAjy MPOLECEe pereHepaluje.
YoueHa je MHTCH3MBHA JCMO3HIIM]jAa KOJNAreHa, IITO je OJ K/bYHHOT 3Ha4daja 3a OOHOBY
EKCTPALEIYIaPHOT MATPHKCA, Kao M nobospliaHa anruorenesa. lcrospemeno, 3HauajHO
cMmamee uH(pramanujckor ogroeopa, npaheno peaykuujom excrpecuje Ibal, ykazyje Ha
cnocobHOCT 0BHX (hopMyanMja ja MOAYJIHINY HH(IaMaTopHe npouece H yOp3ajy npenazax y
tazy perenepammje. OBu Hanmazu notBphyjy MynTHOYHKIMOHATHH MEXAaHH3aM JIEJIOBAH:A
ETAPCKOT yJba cHOMpcKor Gopa, KOjH yK/bydyje aHTHHHGIAMATOPHE, AHTHOKCHIATHBHE H
pereHepaTtuBHE e()eKTe, HUME 3HAYAJHO JOMPHHOCH MPOLECY 3apacTama PaHa.

06a TonukanHa npenapara GOpPMYIHCAHA Ca €TAPCKHM yibeM cuOupckor 6opa (Macr
H TeJI) NOKAa3ala Cy CyNepHopHyY eduKacHoCT y nopeheny ca HeTpeTHPAHUM TPYIAMA, KA0 U Y
OJIHOCY HA TpyIe TpeTupane DazHum Gopmynamujama U cpedpo-cyndaamaznHoM. AHATH3IOM
nodujeHux pesyarara yrepheno je na mact Ha 6a3u etapckor yiba cubupckor 6opa uckasyje
He3HATHO DOJBM TepaneyTckd edekar y OJHOCY Ha Iell, WITO Ce MOXKe NPUIHCATH (PU3HUKO-
XEeMHjCKMM KapakTepucTHkama ¢apmaueytcke noyiore. Haume, Mact ce ayxke 3agpikaBa Ha
KOJKH, Mambe je ITOAI0KHA HCIHPamy, YHME C€ IIPOAYKABA BPEME H3JIaramba AKTHBHHX
KOMIIOHEHTH H4 MECTY AlUIMKALM]e, [ITO MOXKE Pe3yNTHPATH HHTCH3MBHHUjUM OHOIOLIKMM
edexrom. Pesynrrati MaxkpocKOICKe aHaiM3e Cy y KOPENAlHjH €A XHCTONATOJIOIIKHM
Hala3zuMa, [oceDHO Yy MOriely CMameia IOBPIIMHE paHe, WITO yKadyje Ha yOp3aHy
pereHepanujy TKMBa U 00J/bM TOK 3apacrama. Ha ocHOBY 100HjeHHX mojaTaka, eTapeKo yibe
cuOupckor Oopa ce MOKe CMATPATH IMEPCIEKTHBHHM TEPAIMJCKMM AreHCOM Y TPETMAHY
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XPOHMYHHX PaHa, HAPOYMTO KO MALMjeHAaTa ca AujadeTecoM, KoJI KOJHX je MpoLec 3apacTama
3HAYAJHO KOMIIPOMHTOBAH.

Jujaberec  menuTyc je  XpoHMUHO MeTabonuuko 00o/beme  Koje, mopen
XHIIEPriMKeMije, KAPAKTEPHUIIE 110ja4aH MH()IAMATOPHH OJTOBOP U OKCHIATHBHH CTPEC, LITO
3HAYAJHO HAPYIIABA Hpouece 3apacTama paHa. OKCHAATHBHH CTPEC HACTAje KAO IIOCJIEIHLA
aucOamanca m3Mehy npoaykupje POC M aHTHOKCHIATHBHHX MEXaHHM3aMa OpPraHHM3Ma, IpH
yemy Bumak POC pnoBogu g0 okcuaaTuBHOr oimtehewa OuoMoneKkyna, yribyuyjyhu
npoteude, gunuae d JIHK. Ocum tora, POC pemere cUrHanHe NYTEBE KOJH PEryJIHIITY
AHTMOTEHE3y, MHUrpauujy hemuja M CHHTE3y KOIAreHa, IITO CY KJ/BYYHH TIPOLECH Y
pereHepanuju TKHBA. XUMEpridkemuja yrude Ha nosehany nmpoaykuujy POC kpo3 Buiie
MexaHuzama, ykpydyjvhu axktusaumjy nporeun kunaze C (PKC), mosehany npomykuujy
HATIPEAHHX TIHKO3MIALHOHMX Kpajwux mnpoaykara (AGESs), axkTupanujy HUKOTHHAMH
agenuH jguuywieotun Gochara (NADPH) oxcupaze u monumino3Hu MeTabOMHYKH ITYT.
[TocebHo je 3HAUajHO ITO MOJIMIO3HHM NYT A0BOAH J0 ucupmbuBaba NADPH, kodakropa
HeonmxoaHor 3a pereHepanujy GSH, jemHor on HajBaKHHMjHX €HIOTCHHX AHTHOKCHAHATA.
Hedunur NADPH pesyntupa cMameHOM AHTHOKCHAATHBHOM 3alITHTOM W mnoBehaHoM
npoaykudjom POC, mto noaatHo noropinaBa HH(GIAMATOPHH MPOIIEC U PEMETH PABHOTEKY Y
npoiiecy 3apactama paHa. HemasHa uctpakusama ykasyjy jga ¢y HuBou AGEs M mHXOBHX
peuentopa (RAGE) 3natHo noBuineHu ko1 ocoda ca aujabetecom, ITO MPEACTABBA jeaH O
KJbYYHHX (haKTOpa y maroreHesu aujaberuukux Kommmkanuja. Beznsamem AGEs 3a RAGE
pelenTope Ha MOBPIIMHM €HAOTETHHX henMja akTuBHpa]y ce HH(GIAMATOPHH MYTEBH KOjH
nosojae jo mnpexkomepHe npoaykuuje POC, monpunocehn omrtehewy TKHBa M XPOHHYHO]
urhnamanuju. [lpucycteo AGEs y MUKpookpyKewy aujabeTHike paHe OMETa HOpMalaH
OpoLeC 3apacTama, YCIOopaBa KOHTPAKUH]y paHe, npoayxasa uubuaMatopHy ¢azy u
HEraTHBHO YTHYE Ha npoiudepanujy U peMoieoBame ekcrpauenyaapaor marpukca (ECM).
ITopen Tora, AGEs peaykyjy Ouopacnonoxusoct engorennor NO, mTo mnoropiiasa
MHKPOILHPKYJIAH]Y W JOIMPHHOCH BAacKyJapHuUM KoMmruiMkauujama. Cmatpa ce na AGEs-
RAGE oca urpa 3Ha4ajHy YJIOTY y Pa3BOjy MHKPO M MAKPOBACKYJIAPHHX KOMIUIMKAIIH]ja
nujabereca, jgomatHo mnoropiasajyhu Xpouuune wuniaamatopHe mnpouece u pemertehu
xomeocrtazy TkuBa (79). KomOuHamMja XUOEpriiMKEeMHJOM HHIYKOBAHOT OKCHIATHBHOT
cTpeca M Ipojay:KeHe HH(IAMATOPHE peakuuje IOBOAH A0 YCIOPEHOT W HeeMKaCHOT
3apacTama paHa KOJ [JMjadeTHYKHX [AlMjeHaTa, IUTO 3aXTeBd NPHMEHY TEepPaijcKHX
cTparervja yCMEpeHHX Ha MOAYIAUH]y HH(IAMATOPHUX M AHTHOKCHAATHBHHX MEXaHH3ama.
Cmamena mpomsBoama POC wu/mim  nojayaHa aHTHOKCHIAIMOHA AKTHBHOCT MOJKE
obe3benuru Opske 3apacrame paHa u nmobospiatH nmopeMeheHe mpoilece 3apacTama paHa.
Osakeu edexktn cy npumeheHu koj OpOjHMX OpalHMX M TONHKATHHX [pernaparta Ha
npupoaHoj 6a3u koja cy 6orata antuokcugancuma (147,169,170). Ca tuMm y Be3H, Ha Kpajy
TPOHEJEJ/BHOT TPETMAHA, M3 KPBH JKPTBOBAHHX JKHBOTHIbA ofpehenn cy OHOXeMHjCKH
napaMeTpH KOjH OJpakaBajy KOMILIETaH aHTHOKcHiauuoHu mnpodwi. [lums osor nena
HCTpaKHUBaha OMO je 1a YTBPAHMO Ja JTH TomuKanHe dopMynaiuje Ha Ou/bHOj 6a3u Koje cy
NPUMEHHBAHE CBAKOAHEBHO MOTY MOJAYJIMCATH CHCTEMCKH OKCHIATHBHH CTATYC.

Herperupana rpyma M rpyne Kojuma je TNpuUMemHBaHa 0a3za, mokaszane cy Behy
NPOU3BOJIELY MpooKcHaaHata kao mto ¢y H,0., O u TBARS mto je ymmuano ua cnopuju
npouec 3apacrama pana. Ca gpyre crpaHe HMHXMOMUMja JHOMIOHE [EPOKCHIALMjE H
eIMMHHAIM]ja TPOOKCcHAaHaca ce Moke Bujgern Ha ®urypu 11. koj rpyma Kojuma cy
npuMemuBaHe Gopmynandje ca cubupckum dopom. Ko KHBOTHI,A KOJUMA je anjMKOBaHA
0,5% mact cubupckor 6opa je npumeheHo 3HAUaJHO CMamCHE MPOOKCHcaHaca, u T0: 2,23
nmol/ml za H;0,, 1,23 nmol/ml 3a O, u 1,3 pmol/ml 3a TBARS. Cinuune BpenHoctH cy
zabenexeHe U y IPYIH JKUBOTHIA Koje cy Tpetupane 0,5% renom cubupcexor dopa, wro ce
3HAYAJHO paMIHKyje 0] pesynrata JoOHJeHUX y KOHTpoiHo] rpynu: 4,08 nmol/ml 3a H,O,,
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Pa3Boj AepMaToNOLLKMX NpernapaTta Ha 6a3nm eTapckor y/ba
cnbupckor 6opa (Pinus sibirica) n ncnuTriBake HXOBOT

noTeHUMjana y TPeTMaHy paHa
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