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Rolului catepsinelor B si L in resorbtia colagenului in procesul de regresie a
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Role of the cathepsins B and L in the collagen resorbtion during the regression of the
experimental liver cirrhosis

V. Rivneac, V. Gudumac, E. Rivneac, O. Tagadiuc

The activity of cysteinic proteinases (CP) — cathepsins B and L and the content of hydroxyproline (HYP) were inves-
tigated in cirrhotic rat liver and during the recovery from hepatic cirrhosis. It was determined an increase of CP activities
in cirrhosis and during the postcirrhotic period. The modifications revealed a phase character. A high positive correlation
between the dynamics of investigated enzyms activity and the modification of HYP level during the recovery period indicate
to a direct impication of CP in fibrous tissue resorbtion in liver.

Kez words: cathepsins B, cathepsins L, resorbtion.

Bruta n3yueHa akTMBHOCTH IMCTEMHOBBIX npoTenHa3 (LIII) — karericunoB B u L, a Taxoke comep:kaHue OKCUIIPOTHUHA
B LIUPPOTUYECKU U3MEHEHHOH IIEUYEHHU U IIPU PErpecCUU dKCIIEPUMEHTAIBHOIO LUppo3a IedyeHu y Kpoic. IIpu nuppose u
B MOCTUHMPPOTUYECKHUH MEpHO MPOUCXONUT yBEIHUCHHE aKTUBHOCTU m3yueHHbIX LII, a auHamuka M3MeHeHUil uMeer
(ha3oBbIil XapakTep. Bricokas MOJIOKHTENIbHAS KOPPEILILNS MEKAY AMHAMUKON aKTUBHOCTH HCCIIEJOBAaHHBIX ()E€PMEHTOB
U U3MEHEHUEM KOJIMYECTBA OKCUIIPOJIMHA BO BPEMsI PEIPECCUU LUPPO3a [IEUYEHU JOKA3bIBAECT HEIIOCPEACTBEHHOE y4acTHE
LII1 B pezopO1iu prOPO3HOI TKaHU B NIEYECHU.

KiroueBsle ciioBa: karerncuH B, karencun L, pe3opOrus.

Traditional s-a creat o atitudine pesimista fata de fibroza hepatica si un timp indelungat a fost unanim acceptat,
ci odatd aparuti, fibroza devine ireversibila. Insa, pe parcursul ultimilor decenii, tot mai numerosi cercetatori
isi indreapta eforturile spre studierea tesutul conjunctiv fibros in ciroza, ca subiect al degradarii si resorbtiei [2].

Datele experimentale sugereaza ca reducerea excesului de colagen se realizeaza printr-un proces de resorbtie
activi si nu apare doar ca rezultat al sistirii neoformatiei fibrilare. In rezultatul acestor investigatii, mecanismul
cirozei hepatice.

Actualmente, este general acceptat conceptul, bazat pe datele experientelor efectuate in vitro si postulat de
catre Woessner J. [7], conform caruia etapa initiala in degradarea matricei extracelulare (MEC) este un proces
proteolitic extracelular, care se poate solda cu scindarea colagenului sub actiunea colagenazei. Fragmentele ge-
nerate prin aceste atacuri proteolitice pot fi fagocitate de catre macrofagi si supuse ulterior prelucrarii intralizo-
zomale. In prezent enzime-cheie in biodegradarea MEC sunt considerate a fi exo- si endopeptidazele matriceale
(metalo-, serin-, cistein- si aspartil-proteinazele) [1], sintetizate de cétre celulele tesutului conjunctiv, mediul de
actiune al sau fiind atat cel intracelular, cat si cel extracelular [9].

Se considera ca circa 90% ai proteolizei intralizozomale se realizeaza pe baza activitatii coerente a endopep-
tidazelor cisteinice — catepsinelor B, H si L [3]. Aceste proteinaze manifesta in vitro o specificitate exceptionala
fata de substratele proteice in general si fatd de colagen in special. Interesul fata de proteinazele cisteinice a sporit
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enorm dupa ce s-a demonstrat ca catepsina B exercitd functii reglatoare, se implica in activizarea postsintetica
a precursorilor de hormoni peptidici si enzime (in special, a colagenazei) [5].

Catepsina B manifesta activitate dipeptidilcarboxipeptidazica, endopeptidazica, carboxi-peptidazica si este
aptd sa destructurizeze componentele principale ale matricei intercelulare: colagenul, inclusiv cel insolubil, si
proteoglicanii, clivajul fiind realizat la valorile pH-ului de 4,0-6,0 [4]. Ea ataca de asemeni i segmentul spiralat
al moleculei de colagen, element prin care difera de mecanismul de actiune a colagenazei. In ficat, catepsina B
este localizata in celulele Kupffer, celulele endoteliale si in hepatocite [6].

Catepsina L scindeaza colagenul insolubil la pH 3,5, de altfel la acest pH activitatea specificd a enzimei creste
de 5-10 ori peste cota atinsad de catepsina B. Efectul calitativ al catepsinei L asupra colagenului se bazeaza pe
dezintegrarea peptidelor terminale, eliminind la fel si legiturile transversale. In ficat catepsina L a fost detectata
imunohistochimic in celulele sinusoidale care, probabil, sunt celule Kupffer [6].

Totusi investigatiile privind participarea diferentiata si rolul catepsinelor lizozomice in degradarea colagenului
in ficat s-au dovedit a fi putin numeroase, fapt ce ne-a determinat sa realizam un studiu al particularitatilor de impli-
care a catepsinei L i B in resorbtia tesutului fibros in ficat in procesul de regresie a cirozei hepatice experimentale.

Scopul prezentului studiu a urmarit determinarea activitatii proteinazelor cisteinice lizozomice (catepsinelor
B si L) in tesutul hepatic cirozat si in procesul de regresie a cirozei hepatice experimentele, precum si corelatia
activitatii enzimelor studiate cu nivelul hidroxiprolinei tisulare.

Metodele de investigatie

Ciroza hepatica a fost provocata la animale de laborator (sobolani albi masculi ) prin injectari subcutanate
bisaptaminale a solutiei de 50 % de tetraclord de carbon (CCl,) in ulei de mésline 3,0 ml la kilocorp in decurs de
13 saptamani. Prelevarea materialului investigational s-a efectuat la etapa dezvoltarii maxime a cirozei hepatice
si pe parcursul primei luni a perioadei de regresie a cirozei (la 7, 14, 21, 30 zile dupa ultima injectare a noxei
hepatotrope) si dupa 2 luni de regresie.

Procedeul de determinare a activitatii catepsinei L este bazat pe hidroliza enzimaticd a azocazeinei [8].
Procedeul de determinare a activitdtii catepsinei B este bazata pe proprietatea enzimei de a hidroliza N, a-ben-
zoil-D,L-arginina-p-nitroanilidhydrochloridul (BAPNA) (SERVA, Germania) cu formarea p-nitroanilinei [8].
Procedeul de determinare a hidroxiprolinei (HYP) este bazat pe proprietatea cloraminei B de a oxida HYP si pe
condensarea ulterioara a produselor oxidarii cu p-dimetilaminobenzaldehida [10].

Rezultatele obtinute
Activitatea catepsinelor B si L in ficat la dezvoltarea maxima a cirozei s-a dovedit a fi sporita esential, depa-
sind valorile inregistrate in lotul martor cu 17% (p < 0.05) si 150 % (p < 0.05) respectiv (tab. 1).

Tabelul 1
Continutul de hidroxiprolina si activitatea catepsinelor B si L in tesutul hepatic la diferite etape de
regresie a cirozei hepatice experimentale (M = m )

Conditii de experiment Hldlolflﬁ;;)llna Calfle\glssl:z B C?\?]\EZEZ L
Valorile martor 3,97 £ 0,28 0,127 + 0,008 0,385+0.012
(100%) (100%) (100%)
Ciroza 11,13 £0,77* 0,317 £ 0,059* 0,448 + 0,022*
(280%) (250%) (117%)
7 zile de regresie 13,34 £ 0,80%** 0,351 £0,042%=* 0,656 £ 0,033%*%*
(336%) (277%) (170%)
14 zile de regresie 10,06 £ 0,62%** 0,301 £ 0,042** 0,494 £ 0,013***
(254%) (237%) (128%)
21 zile de regresie 10,48 £ 0,64*** 0,357 £0,027*** 0,595 £ 0,009%**
(264%) (281%) (155%)
30 zile de regresie 8,68 £ 0,45%** 0,374 £ 0,007*** 0,493 £ 0,044*
(219%) (294%) (128%)
60 zile de regresie 7,14 £0,52%%* 0,229 £ 0,032%* 0,425 £ 0,054*
(180%) (180%) (110%)
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Nota: * — diferenta statistic semnificativa cu lotul martor, p < 0,05** —p < 0,01; *** —p < 0,001.




Pe parcursul perioadei de regresie a cirozei activitatea proteinazelor examinate ramine sporitd. Astfel, ni-
velul functional al catepsinei L, inregistrind valori maxime dupa 7 zile si 21 zile, ajunge sa depaseasca cu 70%
(p <0.001) si cu 55% (p < 0.001) respectiv parametrii de referintd. De remarcat faptul, ca la 14 zile se atesta
o diminuare temporara a activitatii enzimei, care la acest termen depdseste valorile martor doar cu 28% (p <
0.001). La 30 zile de regresie, activitatea catepsinei L manifesta o tendintd de reducere, deosebindu-se de va-
lorile referentiale cu 28% (p < 0.05). Nivelul de activitate a catepsinei B in perioada de regresie a cirozei este
in crestere ascendentd, Inregistrind cota maxima la 30 zile — 294 % (p < 0.001) si o diminuare temporara la 14
zile — 237% (p < 0.01).

Diferenta parametrilor de activitate a enzimelor cercetate se datoreste, probabil, inductiei lor selective in
perioada de regresie a cirozei.

Deci ciroza hepatica provoaca o sporire esentiald a activitatii proteinazelor lizozomice, care continud a fi
elevata si In perioada regenerarii postcirotice a ficatului. Prezenta a doud maxime pe curbele dinamicului de
activitate a enzimelor cercetate este, probabil, o manifestare a caracrerului fazic al procesului studiat, precum
si a implicarii n procesele proteoglicolitice atit a sistemelor enzimatice lizozomice ale elementelor celulare ale
tesutului conjunctiv (mai ales la etapele initiale), cit si ale hepatocitelor (cu precadere la etapele mai avansate ale
procesului de regresie a cirozei). Scaderea activitatii enzimelor dupa 14 zile de regresie corespunde, probabil,
micsorarii numdrului de macrofage, fibroblaste si alte celule ale tesutului conjunctiv, care are loc in acasta perioada.

Pentru a verifica relatiile functionale ale enzimelor cu resorbtia colagenului in ficat s-a realizat analiza corela-
tionala (tab. 2), care a relevat atit un grad Tnalt de corelatie intre dinamica de activitate ale enzimelor investigate,
cit si o corelatie substantiala a acestora cu nivelul de hidroxiprolina tisulara.

Tabelul 2
Indicii coeficientilor de corelatie (r) intre dinamical de activitate a proteinazelor
investigate si nivelul hidroxiprolinei tisulare (HYP)

Catepsina L HYP
Catepsina B 0,71 0,82
Catepsina L 0,79

Nota: r =0 - 0,3 — corelatie scazutd; r = 0,3 — 0,7 — corelatie medie; r = 0,7 — 1 — corelatie 1nalta.

Aceste date atesta faptul actiunii coerente a catepsinelor colagenolitice intru catabolizarea matricei extracelu-
lare hepatice pe parcursul perioadei investigationale, precum si implicarea directd a acestor enzime in degradarea
tesutului conjunctiv in ficat.

Concluzii
In ciroza hepatici si in perioada postcirotici are lor sporirea activititii proteinazelor cisteinice catepsinelor
B si L 1n ficat, dinamica enzimoactivitatii manifestind un caracter fazic.
Catepsinele B si L sunt implicate direct in degradarea colagenului in ficat in procesul de regresie a cirozei
hepatice experimentale, fapt demonstrat de gradul 1nalt de corelatie pozitiva intre modificarile activitatii lor si
cantitatii de hidroxiprolina in ficat.
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Abstract

Many years of experience from researchers in plastination of anatomical objects are introduced. The method is particu-
larly relevant now, when there is a shortage of corpse training material for students in medicine, dentistry, and veterinary
medicine. The reasons for failures of the plastination are analyzed: reduced duration of the plastination phases, operating
temperature, composition of the plastiation agent, and external contamination. Anatomical preparations made are absolutely
safe for human health.

Key words: Plastination, Biodur, S10 technique, Anatomy, Education.

be3onacHocTh 1 MPOYHOCTD NVIACTUHAIIUHA AHATOMHUYCCKHUX IpenaparoB

BrenpsieTcst MHOTOJIETHHH OTIBIT pabOTHI C HCCIIEIOBATENSIMHU B 00IACTH TUTACTHHAIINN AHATOMIYECKHUX 00BEKTOB. DTOT
MeTO/I 0COOEHHO aKTyaJeH ceddac, KOTzna He XBaTaeT TPYHOB sl OOYYEeHHUS CTYIEHTOB-MEINKOB, CTOMATOJIOTOB M BETe-
puHapoB. [IpnanHBI Heynad IMIaCTUHAINN MTPOAHATU3UPOBAHEI: COKpAIIeHHAas MPOIOKATEFHOCTE (pa3bl ITaCTHHALINH,
pabouas TemIiepaTypa, COCTaB areHTa IUTACTHHAIINH 1 BHEIITHHE 3arpsi3HEHNUS. MI3roTOBNICHHBIE aHATOMHYECKHUE TIPenapaThl
a0CcoOTHO OE30TacHBI IS 3I0POBbHSI YETTOBEKA.

Kurouessle cioBa: ractuHanys, buonyp, rexauka S10, anatomusi, oOpa3zoBaHue.

Timeliness of the topic: The study of morphological features in human and animals on corpse materials is
the basis of anatomical education for medical students. Preservation and long-term storage of biological material
is a major problem facing anatomists worldwide for centuries. The application of conservation techniques over
the millennia was based on the latest physical and chemical factors for that time, but the prepared anatomical
preparations have many shortcomings — most notably damage to human health, which is why research in this
area continues today. Using plastinated anatomical objects for teaching anatomy is expensive in the short term,
but in a long-term strategy, it is financially advantageous, as established morphological preparations are virtually
timeless and can be used for decades without any special storage conditions. They are absolutely safe for human
health and therefore can be studied by students and trainees in medicine, dentistry, and veterinary, for a long time
without using special protective equipment.

Material and methods

In the plastination process, two types of materials are used: organic matter (human and animal corpses or
parts from them) and chemical agents (fixatives, dehydrating and impregnating agents, accelerators, colors, and
gas-curing agents).

Physical and chemical changes that occur in the tissues after death hinder its preservation and exploration.
Their organic ingredients are destroyed irreversibly by the action of microorganisms and the proteolytic enzymes
present in cells whose function becomes uncontrollable after death. This resulted in the absence or insufficient
protective measures into the decay and death of the tissue, and the destruction of anatomical teaching preparations
that were made. Classic preservatives have a deleterious effect on the human body — causing inflammation and
allergic reactions of the exposed mucous membranes, the respiratory organs, and airways.

In plastination methods, dehydrating and impregnating agents enter the dead tissue with a constantly changing
cycle speed, and fill the tissue at a specific rate based on the tissues type.
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