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IEVADS

Darba aktualitate

Latvija zveérkopiba ir viena no lauksaimniecibas nozarém ar vairaku gadu
desmitu darbibas pieredzi. Latvija ar ripniecisko kaZokzveéru audzeSanu Sobrid
nodarbojas 14 zvérsaimniecibas. Udelu vaislas ganampulka attistibas dinamika Latvija
ped&jos gados liecina par pakapenisku, stabilu pieaugumu. Izaudz@to kucénu skaits
2005. gada, salidzinajuma ar 2004. gadu, ir pieaudzis par 9.03 %, bet 2004. gada —
salidzinajuma ar 2003. gadu, par 8.36 %.

Lai arT saimniecibu ekonomiskie raditaji liecina, ka Latvija zvérkopiba Sobrid ir
veiksmiga un rentabla nozare, tomér nozimigs zveérkopibas efektivitates raditajs ir
tegiito kucénu skaits. 2003. gada vid€ji no mates iegiti 3.68 kucéni, 2004. gada —
3.56 kuceni, bet 2005. gada 3.88 kucéni. No Siem datiem varam secinat, ka no vienas
mates iegiito kucénu vidgjais skaits izvert€to 3 gadu laika ir zems, salidzinot ar citam
valstim, kas, iesp&jams, liecina par problémam kazokzveéru ganampulka veseliba.

levérojamus zaud€umus nozarei nes plasi izplatita tdelu Aleuta slimiba.
Diemzel ne visos tdelu ganampulkos tas apkaroSanas pasakumiem ir pievérsta
atbilstoSa veriba.

Viens no c€lopiem $o raditaju nestabilitatei varétu biit dzivnieku baribas Iidzeklu
piesarpojums un zema kvalitate, kas tieSi ietekm& ganampulka veselibu, t.sk.,
reproduktivas 1pasibas. Ar1 Wenzell un Keil (1980) norada, ka Vacija 60% kazokzveéru
saslimSanas gadijumu célonis ir baribas piesarnojums vai klidas edinasana. Tada veida
kazokzveéru turéSanas un &dinaSanas Ipatnibas — liela dzivnieku koncentracija neliela
teritorija, baribas maisijuma sagatavoSana uz vietas fermas baribas virtuve, augsts
dzivnieku izcelsmes proteina un tauku saturs baribas maisijuma, termiski neapstradatu
dzivnieku izcelsmes produktu izmantoSana baribas maisijuma gatavosana, dzivnieku
fiziologiska nepiecieSamiba péc sabalansétas, pilnvértigas baribas atkariba no
sezonalitates — var sekméet nosaciti patogéno mikroorganismu, taja skaita mikroskopisko
sénu izraisitas saslimSanas dzivniekiem (Ilepenpaux u ap., 1981), ipasi, ja tiem ir
samazinata imiinaizsardziba.

Literattira (Juokslahti, 1978; 1979) gan ir zinots par tGdelu gatavas baribas un
baribas sastavdalu bakteriologiskajiem izmekl&jumiem, tacu triikkst datu par baribas
lidzeklu mikologisko piesarpojumu un ta ietekmi uz kazokzvéru organismu, tapec ari
meés veicam $adu izpeti. Lidz Sim Latvija nav veikti petijumi par mikroskopisko sénu
klatbtitni ide]u bariba un to ietekmi uz dzivnieku veselibu.

Misu darba hipotézes pamata ir pienémums, ka, baribas lidzeklos, papildus
bakteriologiskajam piesarnojumam, iesp&ama ari mikroskopisko sénu klatbiitne, kas,
izraisot saslimSanu, rada tidelu reproduktivas sist€émas darbibas trauc€jumus, kave jauno
dzivnieku attistibu, izsauc paaugstinatu letalitati un rada butiskus ekonomiskus
zaudgjumus. Tap&c nozimiga probléma ir ar Aleuta slimibas virusa skartu tidelu un to
kuceénu neskaidras etiologijas slimibu un letalitates izpéte.

Nemot vera visu iepriekSminéto, misu darba mérkis bija noskaidrot pelg§juma
sénu izplatibu tdelu baribas lidzeklos un péc to iz&dinasanas noteikt patologiskos
procesus dzivnieku parenhimatozajos organos uz Aleuta slimibas virusa fona.
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Darba uzdevumi

Izpétit pel&juma sénu ginsu klatbutni Gdelu baribas lidzek]os.

Izpétit pelejuma sénu klatbiitni fidelu parenhimatozajos organos un noteikt to
gintis.

Noskaidrot tidelu imtinsistémas aktivitates pazeminasanas ierosinosos faktorus.
Ar imunhistokimisko metozu palidzibu izpétit Aleuta slimibas virusa skartu

tde]u aknu morfopatologiju mikozu gadijuma.

Darba zinatniska novitate

Pirmo reizi Latvija ir izverte€ta tidelu baribas Iidzeklos esoSo pel&umsénu
saisttba ar Aleuta slimibas virusa skartu dzivnieku parenhimatozo organu
mikologisko piesarnojumu.

Iegiti jauni dati par patologiskajiem procesiem tdelu aknas mikozu gadijuma.
Pirmo reizi Latvija veterinarmedicina izmantotas jaunakas iminhistoktmiskas
metodes patologisko procesu diagnostika sekojosa kombinacija: VEGF, NGFR,
MMP2 un MMP9, FGFR, HGF un bazalas membranas sastavdalas - Fn, Lm, IV
kolagéns, un iegiiti jauni rezultati hepatopatologija.

Pétijuma rezultatu aprobacija

Petijuma rezultati aprobéti sekojosas starptautiskas zinatniskas konferences:

l.

RSU Zinatniska konference. Latvija, Riga, 2007. gada 29. — 30. marts.
Mikroskopisko sénu izraisita iekaisuma ietekme wuz iidelu aknu bazalo
membranu.

Starptautiska zinatniska konference ,,Dzivnieki. Veseliba. Partikas higiéna.”
Latvija, Jelgava, 2006. gada 10. novembris. Matrices metaloproteinazes MMP-2
un MMP-9 uidelu aknas.

10th National Congress of Anatomy. Turkey, Bodrum, 6 — 10 September 2006.
Vascular endothelial growth factor (VEGF) and Nerve Growth Factor receptor
(NGFR) in the mink liver.

12 International scientific conference ,,Research for rural development 2006”.
Latvia, Jelgava, 17 — 20 May 2006. Fungi in the mink feed and organs.

2nd Annual General Meeting. Malta, 3 — 6 May 2006. Fungi in mink feed and
morphopathology of the liver.

Anatomische Gesellschaft — 101st Annual Meeting. Germany, Freiburg, 7 — 10
April 2006. Mycological contamination of mink feed and it’s influence on the
morphopathology of internal organs.

Latvijas Arstu kongress. Latvija, Riga, 2005. gada 16-18. junijs. Udelu baribas
lidzek]u patogéno sénu ietekme uz iidelu morfopatologiju.

Darba apjoms. Promocijas darbs noformé&ts 120 lappus€s un sastav no:

anotacijas, ievada, literatiiras apskata, materiala un metodikas, p€tijuma rezultatiem,
diskusijas, secinajumiem, ieteikumiem, pielikuma un izmantotas literattiras saraksta.



MATERIALS UN METODIKA

Péttjums veikts laika perioda no 2004. gada jiilija Iidz 2007. gada aprilim. Udelu
baribas paraugu materialus ieguvam cetras Latvijas Republikas kaZokzveéru fermas.
Baribas lidzekli mikologiskai izmekléSanai, péc nejausas atlases principa, tika npemti
zveérsaimniecibu noliktava un saldétava - saldétu ciiku un liellopu subprodukti (plausas,
balsenes, trahejas, tauki, liellopu priekSkungi), saldétu zivju subprodukti, hemoglobina
pulveris, kaulu milti, proteina pulveris, kliju, miezu/kvieSu miltu un miezu/kviesu
graudi, ka arT gatavas baribas paraugi. Kopuma izmekléti 11 tidelu gatavas baribas un
32 tas komponentu paraugi.

Mikroskopisko sénu ietekmes noteikSanai uz tdelu organismu, péc nejausas
atlases principa, izveélgjamies septipus meéneSus vecas 18 tums$i brunas ddeles
jaundzivnieku augSanas un kazoka veidoSanas (nobrieSanas) perioda, kuram nebija
redzamu klinisku saslimSanas pazimju. Péc dzivnieku parenteralas eitanizacijas (Jepsen
et al., 1981) ar 1 ml ditilina Skidumu (10 g uz litru tdens), tiem veicam iekS€jo organu
(aknu, plausu, nieru) paraugu nonpemsanu.

Eksperimenta kopeja shéma

Mikologiskai izmeklé$anai izvéletiem tdelu baribas komponentiem (n=32) un
gatavas baribas paraugiem (n=11), ka ar1 tdelu parenhimatozo organu paraugiem
(n=54) veicam mikologiskos uzs&jumus uz Sabouraud barotném (Willard et al., 1994).

Pirms ddelu organu ieguves, dzivniekiem veicam patologanatomisko
1izmekléSanu, sekcijai pielietojot Hunter un Lemieux (1996) metodi.

No 18 udelém iegiitie organu (aknas, nieres, plausas) paraugi (0,5 — 1 cm biezi)
tika ievietoti ari formalina Skiduma (120 g wuz litru tdens) histologiskajiem
izmekl&jumiem, kurus uzglabajam istabas temperatira.

Formalina glabatos tidelu aknu audu gabalinus ieguldinajam parafina. Parafina
ieslégtie audu bloki tika sagriezti ar mikrotomu 6 — 7 um biezuma. Griezumus no
mikrotoma ievietojam tideni 50 °C temperatira un péc tam novietojam uz tira un
attaukota priekSmetstiklipa. Pagatavotie preparati tika Zzaveti termostata 56 °C
temperatiira 20 — 60 miniites (Eurell, Frappier, 2006). Kopuma no 18 tdelu aknam
pagatavotie 612 histologiskie griezumi tika izmantoti 16 dazadam kraso$anas metodém
audu histologiskai un imtinhistokimiskai izp&tei.

Mikologiskie izmekléjumi

Udelu baribas komponentu un gatavas baribas paraugu un atSkaidijumu sérijas
pagatavosanu veicam saskana ar standartu ISO 7954:1987 ,,Raugu un pel&uma s€nu
skaita noteikSana lopbariba”. AtSkaidijuma s@rijas pagatavoSana ietvéra sekojoSus
posmus. Nosvéram 10 g izmekl§jama parauga un to ieberam kolba ar sterilu sals-
peptona (kods CM0733, OXOID, Anglija) Skidumu (9.5 g sausas barotnes izSkidina 1 1
destiléta @idens) (90 ml). Péc 15 min. ekstragéSanas Sutela aparata, no sagatavota
sakumparauga panémam 1 ml un to ienesam cita sals-peptona skiduma (9 ml), rezultata
veidojot produkta atSkaidijumu 1:100, ka art 1:1000.



Mikologiskajai izmekléSanai Petri platés ienesam pa 1 ml baribas ekstrakta no
katra atSkaidfjuma. P&c tam ielgjam 15 — 20 ml izkaus€tu (un atdzes€tu vismaz lidz
45 °C) Sabouraud barotni un uzmanigi sajaucam.

Udel]u parenhimatozo organu mikologisko uzsé$anu veicam sekojos$i - izmainito
audu nelielu virsmu apdedzinajam uz liesmas un ar sterilam griezn€m no to vidus
izgriezam audu gabalinus, ar kuriem veicam svitrveida uzs€jumus uz barotnes, vai arl
tos izvietojam uz agara virsmas (4 — 5 mazus audu gabalinus 0.5 cm x 0.5 cm lieluma
(LaRocco, 1992; Quinn et al., 1994).

Visi mikologiskie uzs€jumi Petri platés audz&ti termostata Iidz 4 ned€lam
26 °C temperatira (Quinn et al., 1994; Kysuenos, 2001). Izaugusas kolonijas
mikroskop&jam 5., bet [énaugosas - 9. diena un turpmak péc vajadzibas.

Pelgjumsénu nativie preparati tika sagatavoti péc visparpienemtas metodikas —
uz priekSmetstikla uzliek 1 pilienu §kiduma nativo preparatu pagatavoSanai (spirts 96° —
20 ml; glicerins — 40 ml un destiléts iidens — 40 ml), taja novieto nedaudz micélija
substrata un parklaj ar segstiklinu (LaRocco, 1992).

Katrai identific€jamai kultiirai noveértéjam makroskopiskas pazimes — kolonijas
virspuses un apakSpuses krasu, kolonijas faktiiru, augSanas atrumu (gan péc laika, gan
péc kolonijas diametra). Mikroskopiskas pazimes balstijas, galvenokart, uz hifu
septéjuma un konidiogéno Siinu tipa raksturojumu (Capkucos u ap., 1953; Emmons et
al., 1970; Moore-Landecker, 1975; Frey et al., 1985; Kwon-Chung, Bennett, 1992;
Bridson, 1993; Larone, 1995; Kupunenko, 1997; Ulloa, Hanlin, 2000; Carton u ap.,
2001).

Udelu Aleuta slimibas diagnostika

Neliela apjoma (Iidz 5 ml) asinu paraugus tideléem nonémam, veicot pakalkajas
pirksta nadzina nogrieSanu (amputaciju) (Jepsen et al., 1981).

Udelu Aleuta slimibas diagnostikai izmantojam iminelektroosmoforézes
reakciju (IEOFR). Saskana ar Slugina (Cnyrun, 1984) noradito, uz tira, attaukota
priekSmetstiklina (8 x 15 cm) uzlgjam 30 ml 1 % karstu agara Skidumu. Péc agara géla
sastingSanas ar vakuumsiknim pievienotu caurumotaju taja izveidoja 204 iedobumus,
kuru diametrs ir 2,8 mm, dzilums — 2,5 mm un faktiskais tilpums aptuveni 0,01 ml.
Attalums starp blakus esoSo iedobumu centriem pa horizontali bija 6 mm.
Imiinelektroosmoforézes reakcija izmantojam medinala—veronala buferSkidumu ar pH
medinala un péc tam pievienoja 1.84 g veronala. BuferSkidumu ievietoja tidens vanna
pie temperatiiras + 40 °C lidz pilnigai veronala izSkiSanai. P&c tam buferSkidumam
pievienoja destilétu tideni Iidz Skiduma apjoms sasniedza 1 litru.

Kapilara dalu, kura atradas tideles asins serums, nolauza un ar gumijas caurulites
palidzibu serumu ievadija attiecigaja agara g€la iedobuma. Kontroles reakcijai 10. un
12. vertikalas rindas pédgjos iedobumos iepildija attiecigi tdelu asins pozitivo un
negativo serumu. Aleuta slimibas antigénu ar Past@ra pipetes palidzibu iepildija nepara
rindu iedobumos (arT kontroles rinda).

Sadi sagatavoto prieck$metstiklinu ievietoja elektroforézes kamera, ar aprekinu,
lai elektriska strava plistu paraleli horizontalajam iedobumu rindam. Pie
priekSmetstiklina malam piestiprinaja 4 - 5 filtrpapira sloksnites un to brivos galus
ievietoja vannas nodalijumos ar buferskidumu. Elektroforézes kameru noslédza ar vaku
un pieslédza to elektriskas stravas taisngriezim ta, lai “+” pols butu priekSmetstiklina
labaja pusé. Elektriskas stravas stiprums bija 10 —15 mA, bet spriegums 220 V.



Pozitivas reakcijas gadijuma g€la nov€roja taisnu, skaidri izteiktu tievu
precipitacijas liniju horizontalajas rindas aptuveni vidii iedobumiem ar tudelu asins
serumu un antigénu.

Histologisko pétijumu metodes

Kopuma no 18 tdelu aknam sagatavotic 612 histologiskie griezumi tika
izmantoti krasoSanai morfologiskai izp&tei ar hematoksilinu un eozinu (H & E)
(Aughey, Frye, 2001), ar Hotchkiss-McManus periodic acid — Schiff (PAS) SIK (Quinn
et al., 1994), Perlsa (Cook, 1994) un TUNEL reakcijam (Negoescu et al., 1998), biotina
— streptavidina imiinhistoktmisko metodi (Hsu et al., 1981; Dnnmuanan u np., 2002), ka
ar1 ar imiinhistokimisko fluorescences metodi (Pilmane et al., 1998).

Preparatu krasoSana ar hematoksilinu un eozinu

P&c preparatu deparafinéSanas, tos 7 miniites krasojam ar hematoksilinu. Péc
tam preparatus 10 mintes skaloja ideni. Sekoja 2 miniiSu ilga krasoSana ar eozinu, péc
kuras preparatus islaicigi skaloja ar tideni. KrasoSanai sekoja atiidenoSana pieaugosSas
koncentracijas spirta Skidumos un ksilola. Nokrasotos preparatus noklaja ar polistirolu
un nosedza ar segstiklinu.

KrasoSanas rezultata Stinas bazofilas dalas bija iekrasojusas zili violetos tonos,
bet acidofilas — no roza Iidz tumsi sarkanam tonim.

Hotchkiss-McManus periodic acid Schiff (PAS) - SIK reakcija

P&c preparatu deparafinéSanas, tos 20 mintites oksid&jam ar K,SO,4 skidumu. Péc
tam tos kartigi skalojam destiléta ideni, kam sekoja 15 mintsu ilga kraso$ana ar Siffa
reagentu. P&c skaloSanas Tdeni preparatu kontrastkrasoSanai (2 mindtes) lietojam
hematoksilinu. Sekoja atkal preparatu skaloSana (5 minttes) tideni, dehidratacija
pieaugoSas koncentracijas spirta Skidumos un ksilola, ka arT nokrasoto preparatu
noklasana ar polistirolu un nosegSana ar segstiklinu.

KrasoSanas rezultata seénu elementi nokrasojas iesarta krasa.

Perlsa reakcija

P&c preparatu deparafin€Sanas, tos 30 miniites krasojam ar 2% HCI + 2%
K4[Fe(CN)s] maistjumu, kam sekoja skaloSana destiléta tdeni un dehidratacija
pieaugosas koncentracijas spirta Skidumos un ksilola. Nokrasotos preparatus
apstradajam ar polistirolu un nosedzam ar segstiklinu.

Kraso$anas rezultata aknu makrofagi iekrasojas elektro zila krasa.

TUNEL reakcija

Tika izmantots apoptozes komplekts: In Situ cell Death Detection, POD
Cat.no.1684817, Roche Diagnostics (Vacija) saskana ar Negoescu et al. (1998)
aprakstito tehniku. Deparafiniz€ti audu gabalini 10 minttes tika tur€ti istabas
temperatira PBS (fosfatu buferi) (pH 7,5) Skiduma. Péc tam 30 miniites veica
endogénas peroksidazes aktivitates blok&Sanu ar 3% udenraza peroksidu, tad audu
gabalinus mazgaja (3 x 5 min.) PBS Skiduma. Audu gabalinu griezumi tika ievietoti
citrata buferskiduma un ievietoti mikrovilnu krasni uz 10 mintitém, lai fiks€tu antigénu.
P&c tam tos atdzesgja istabas temperatiira. P&c tam tos mazgaja PBS §kiduma un uz 10
minatém ievietoja 0,1 % BSA (vérSa seruma albumina) uz PBS. Audu griezumus



inkubgja ar TUNEL (Tdt — T gala deoksinukleotidiltransferazes un dioksigenina
iezim&to nukleotidu maisijums) 37 OC tvertné ar mitrinatu gaisu 60 miniites ilgi. P&c
skalofanas PBS audu griezumus 37 °C 30 minites inkubdja POD (aitas
antifluorescences antivielas ar marrutku peroksidazi saistitais Fab fragments). Péc tam
griezumus uz 7 minttém parklaja ar DAB (diaminobenzidina hromogénu)
Skidumperoksidazes noteikSanai. Tad audu griezumus noskaloja destiléta tdeni,
kontrastkrasosanai (20 sek.) lietojam hematoksilinu un eozinu. Nokrasotos preparatus
apstradajam ar polistirolu un nosedzam ar segstiklinu.

Biotina - streptavidina imiinhistokimiska metode

Pielietojot biotina un streptavidina imiinhistokimisko metodi, noteicam tdelu
aknu audos vaskulara endoteliala augSanas faktora (VEGF, kods M7273, 1:50,
DakoCytomation, Danija), nervu augsanas faktora receptora (NGFR, kods M3507,
1:150, DakoCytomation, Danija), matrices metaloproteinazu (MMP2 (kods AF902) un
MMP9 (kods AF909) (1:100, R&D System, Vacija), fibroblastu augSanas faktora
receptora (FGFR, kods ab10646, 1:100, abcam, Anglija), transform&josa augSanas
faktora beta (TGF-B, kods T1654, 1:1000, SigmaBioScience, ASV), fibronektina (Fn,
kods A0245, 1:100, trusu Ig, Dako, Danija), laminina (Lm, kods 2233PLA, 1:25, Euro-
Diagnostika, Danija), IV kolagéna (kods 2233 PCO, 1:25, Euro-Diagnostika, Danija),
ka arT hepatocitu augSanas faktora (HGF, kods AF294NA, 1:300, R&D System, Vacija)
klatbutni.

Deparafinaciju veicam péc visparpienemtas shémas. P&c preparatu skaloSanas
(10 min.) PBS (fosfatu buferis, pH 7.4) skiduma, tos ievietojam 4% salsskaba natrija
citrata buferSkiduma mikrovilpu krasni uz 20 minitém. P&c atdzesétu preparatu
skaloSanas ar PBS, uz katra griezuma uzklajam pa 150 pl 3 % tdenraza peroksida (10
min.). Preparatus atkal skalojam destileta @ideni un PBS, un tad uz preparatiem
uzpilingjam primaras antivielas (pieméram, VEGF utt.) - uz katra griezuma pa 30 pl
(ekspozicijas laiks — 2 stundas), ka arT preparatiem uzklajam uz 30 miniittm LSAB +
LINK (ar biotinu saistitas sekundaras antivielas) (kods K1015, DakoCytomation,
Danija), uz 25 mintutém uzklajam LSAB + KIT (streptavidinu, kas saistits ar enzimu
peroksidazi) (kods K0690, DakoCytomation, Danija) un uz 10 miniitem - DAB
(substrata hromogéna sistema) (kods K3468, Dako, Danija). PEc tam preparatus 1slaicigi
krasoja hematoksilina.

Pozitivas reakcijas gadijuma vélamas struktiiras nokrasojas briinas.

Fluorescences imiinhistokimiska metode

Deparafinaciju ari Sai reakcijai veicam pec visparpienemtas shémas. Peéc
preparatu apstrades ar PBS (fosfatu buferis) kopa ar 0,25 % TRITON X — 100 (2,5 ml
uz 1 1) vismaz 1 stundu, sekoja audu paraugu (ar uzklatu primaro antivielu Rabbit anti-
human (piem., IV kolagénu, utt.)) inkub&sana ledusskapt tidens kamera 18 — 24 stundas
ilgi. Péc sekundaro antivielu Rabbit Ig (kods F0205, Dako, Danija) uzklaSanas
(ekspozicija 2 stundas), preparatus parklajam ar PBS (fosfatu buferis) + glicerins (1:1)
un uzlikam segstiklinu. Sagatavotos griezumus glabajam saldétava.

Pielietojot imtinhistokimisko fluorescences reakciju, noteicam tidelu aknu audos
fibronektina (Fn, kods A0245, 1:200, Dako, Danija), laminina (Lm, kods 2233PLA,
1:25, Euro-Diagnostika, Danija) un IV kolagéna (kods, 2233 PCO, 1:25, Euro-
Diagnostika, Danija) klatbiitni, izmantojot Pilmane et al. (1998) izstradato metodi.
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Datu statistiska apstrade

v

Stinu skaitiSanai tika izmantota kvantitativa metode, kad iekaisuma S$unas
skaitljam tris brivi izvéletos redzeslaukos ap centralo aknu vénu 400 X palielinajuma,
bet apoptotiskos hepatocitus — 3 dazados redzes laukos (ABranmumnos, 1990; Willard et
al., 1994).

Aknu augSanas faktoru, degeneracijas markieru, BM komponentu un apoptozes
izdales noveért€Sanai lietojam pozitivo struktiiru relativa daudzuma puskvantitativo
skaitiSanas metodi (Pilmane et al., 1998).

Datu apstradei izmantotas statistikas metodes vid€ja lieluma un standartnovirzes
aprékinam, ka ar1 Stjidenta t -tests vid€jo lielumu salidzinasanai (Arhipova un Balipa,
1999).

Lai pieraditu starpibu butiskumu neparametriskam metodém, lietots vidgja
aritmétiska reprezentacijas kludas aprékins ar Stjidenta kritériju (95 %), ka ari
vienfaktora dispersija.

Ar iminhistokimiskajam metodém iegiito rezultatu izplatibas salidzinajumam
lietota relativa biezuma aprékinu modelis (Gosa, 2003).
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REZULTATI UN DISKUSIJA

Udelu imiinsistémas ietekméjoSie faktori

Kopa ar baribu mikroskopiskas sénes nokliist arT dzivnieku gremosanas trakta,
tomér, pateicoties organisma nespecifiskajiem un specifiskajiem aizsargfaktoriem,
parasti tas nespgj izraisit mikozes attistibu. Starp nespecifiskajiem fiziologiskajiem
aizsardzibas faktoriem ir paaugstinata kermena temperatiira. Vairums siltasinu
dzivniekiem ta ir ap 39 °C, kas ir nelabvéliga mikroskopisko sénu attistibai organisma
(Ky3nenos, 2001). Tomér organisma imindeficits rada labveligus apstaklus mikozes
attistibai dzivnieku organisma.

Aleuta slimiba

Vislielaka probléma zversaimniecibam ir tdelu Aleuta slimiba, kuras
ierosinatajs (parvoviruss) vairojas makrofagos un, nomacot T limfocitu supresorus,
veidojas  plazmatiskas Siinas  (plazmocitoze) (Trubka, 2001). Izmantojot
iminelektroosmoforézes reakciju (IEOFR) konstat§jam, ka 82 % udelu ir Aleuta
slimibas pozitivi, un misu pétijuma izmantotas tideles visas bija parvovirusa n€satajas,
noradot, ka dzivniekiem ir iminsistémas darbibas trauc€jumi (Cayrun, 1984, Ryan,
1994; Brooks et al. 1995). Izveidojusas situacijas dél kontrolgrupu ar no parvovirusa
brivam tidelém nav iesp&jams izveidot €tisku un tautsaimnieciba svarigu apsveérumu dél.

Udelu baribas izvértéjums

Svarigs veicinoSs faktors mikozu attistibai ir ar1 sabalansétas baribas iz€dinasana
dzivniekiem. Kazokzveéru saimniecibas, kuru dzivnieku baribas paraugus analiz€jam,
gatavas baribas sagatavoSanai izmantoja ka dzivnieku (liellopu un ciiku subproduktus,
asinis, olbaltumvielu koncentratu, zivis un zivju subproduktus un olas), ta arT augu
valsts izcelsmes produktus (miltus, raugu, kapostus).

Salidzinot tidelu baribas devu ar citu autoru (Ilepensauk u ap., 1981; bepecros,
1985) noradito ieteicamo daudzumu atSkirtiem jaundzivniekiem jiilija — novembra
ménesos, secinam, ka baribas energétiska vértiba — 343 kkal atbilst literatira
noraditajam par attieciga udelu attistibas perioda diennakts fiziologiskajai
nepiecieSamibai (230 — 470 kkal).

Sagremojama proteina norma tidelu baribas devas aprékinos tiek izteikta ta
daudzuma (g) uz 100 kkal energijas. Atbilstosi literatiras datiem (Ilepenbauk u mp.,
1981; bepecros, 1985) tidelem rudens perioda nepiecieSami 8.0 — 9.0 g sagremojama
proteina uz 100 kkal energijas. Misu pétito Gdelu baribas deva Sis daudzums sastada
9.0 g sagremojama proteina uz 100 kkal energijas diennakti. Tatad atSkirtie Gdelu
kuceni ir atbilstosi savam fiziologiskas attistibas periodam pilniba nodro§inati ar tiem
nepiecieSamo sagremojamo proteinu.

Analizgjot tauku saturu baribas deva uz 100 kkal energijas, secinam, ka
eksperimentalas tideles sanéma 4.8 g tauku uz 100 kkal. Autori (Ilepenpauk u ap.,
1981; BbepecroB, 1985) atSkirtiem tdelu jaundzivniekiem Baltijas un Skandinavijas
regionos jilija — novembra ménesos iesaka 3.2 lidz 4.8 g tauku uz 100 kkal. Tadgjadi
eksperimentalas tideles sanéma maksimalo autoru ieteikto tauku daudzumu. Svarigi, ka
augsts dzivnieku izcelsmes proteina un tauku saturs baribas maisijuma var sekmét
nosaciti patogéno mikroorganismu izraisitas saslimsanas (Ilepenbauk u ap., 1981).

Izvertgjot oglhidratu daudzumu, tie baribas deva sastadija tikai 60 % no
fiziologiski nepiecieSama minimala apjoma, jo @ide]u kucéniem perioda no julija lidz
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novembrim nepiecieSams sanemt 5 — 7 g oglhidratu uz 100 kkal energijas. Aprékinatais
liecina, ka tdelu organisms rezultata nepilnvértigi izmanto ari bariba esoSo
sagremojamo proteinu un taukus (Ilepeapauxk u ap., 1981; bepectroB, 1985).
Noskaidrots, ka ilgstoSas oglhidratu nepietickamibas apstaklos tidelém veidojas acidoze,
dzivnieki atpaliek sava attistiba un pasliktinas kazokadu kvalitate (bepecros, 1985), ka
ar1 acidozes apstak]os dzivniekiem gremoSanas trakta pazeminas vides pH (Manevics,
1983), kas veicina to rezistences pazeminasanos.

No minéta varam secinat, ka nepiecieSama dzivnieku baribas devas korekcija,
palielinot taja oglhidratu daudzumu. Autori (Ilepenbauk u np., 1981; bepecros, 1985)
ka racionalako oglhidratu avotu tidelu bariba iesaka varitus graudaugu miltus.

Nemot veéra augstakmin€to un apzinoties, ka pétijuma ieklautajam tdelém ir
specigs imiindeficits (Cnyrun, 1984, Ryan, 1994; Brooks et al. 1995), un, balstoties uz
pieradijumiem, ka ‘oportiinistiskas’ sénes (kas ir dala no normalas organisma vai
apkartgjas vides mikrobialas floras) inficé tikai organismu ar izmainitu imino
aizsargmehanismu (Ryan, 1994; Rubin, Farber, 1999), svarigi bija noskaidrot iespg&jamo
sakaribu starp mikozo piesarnojumu bariba un tidelu parenhimatozajos organos, galveno
uzmanibu vérSot uz aknu morfologiskajam izmainam, jo imansupresiviem dzivniekiem
var veidoties generalizéts process (Young, 1970; Quinn et al., 1994; Hubalek et al.,
1998; Guarro et al., 1999).

Mikroskopisko seénu izplatiba tidelu bariba
Distribution of microscopic fungi in mink feed

Mikroskopiskas sénes ir eikarioti un tas plasi izplatitas apkart§ja vide, tadel
misu uzdevums $aja sadala bija noskaidrot peléjumsénu izplatibu tidelu bariba un tas
komponentos un $o s€nu iesp&jamo izplatibu ar1 tidelu organos (plausas un nierés), bet
jo 1pasi — aknas.

Parbaudito tdelu gatavas baribas un tas komponentu paraugu mikologiskas
izmeklesanas rezultati (1. att.) uzradija to kontaminaciju ar mikroskopiskajam séném.
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1. att. Peléjumseénu skaitliska daudzveidiba udelu bariba
Fig. 1. Amount of moulds in mink feed
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Bariba un to komponentos konstatéto visu 23 pelgjuma sénu ginsu un sugu
izplatiba att€lota ar1 1. tabula. Iegttie rezultati uzrada tidelu baribas lidzeklu un gatavas
baribas nozimigu piesarpojumu ar mikroskopiskajam séném. Visos tdelu baribas
lidzeklu komponentos un ar gatavaja bariba konstatejam Aspergillus un Penicillium
gintis.

1. tabula / Table 1
Mikroskopiskas senes gatavaja iidelu bariba un baribas komponentos
Microscopic fungi in ready-mixed mink feed and raw materials

Mikroskopiskas sénes /
Microscopic fungi

Proteina pulveris /
Protein powder
Graudu milti /
Cereal meal
Klijas / Bran
Subprodukti /
Offal

Zivju subprodukti
/ Fish offal
Gatava bariba /
Ready-mixed feed

Acremoniella atra -

Alternaria spp. -

+ |+

Aspergillus spp. +

Aureobasidium pullulans -

+

Candida spp. -

+|+|+|+|+|+]| Graudi/ Cereals

Chaetomium spp. - -

Cladosporium bantianum - - - - + -

_.|_

Cladosporium herbarum -

1

1

1
]+

_.|_

Cladosporium sphaerospermum -

Coremiella cubispora -

Crysonilia sitophila -

Curvularia spp. -

+|+|+
+ |+

Fusarium spp. -

Gliocladium spp. - -

Moniliella acetoabutans -

Mortierella spp. -

Fl || ]+
1
1
1

+
+
Mucor spp. + +
Penicillium spp. + +

Sporothrix cyanescens - -

Stemphylium spp. - - - -

+
|+ ]+

Trichophyton terrestre + - - -

Zygosporium masonii - + + -

1
+

Wangiella spp. - - - -

Visvairak (18 no 23) dazadas pel&juma sénu gintis un sugas ir konstatétas
graudos. Graudos un to izcelsmes produktos (miltos, klijas) konstatetas 17 pelgjumsénu
gintis literatira ir aprakstitas ka plasi izplatitas mikroskopiskas sénes apkartgja vidg,
1pasi augsné (Emennsnos, 1990; Kwon-Chung, Bennett, 1992; Ky3uenos, 2001; Carton
u 1p., 2001). Visbiezak graudos un graudaugu miltos vienlaikus ar Penicillium un
Aspergillus gintim Konstatéjam ari Alternaria, Cladosporium un Fusarium parstavjus.
Graudus par vislielako riska produktu mikologiskajam piesarnojumam uzskata ari citi
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autori, 1pasi izcelot Alternaria un Cladosporium mikroskopiskas sénes, jo to sporas ir
visizplatitakas vasaras perioda (CapkucoB u np., 1953; Pritchard, Muir, 1987; Moss et
al., 1989; Samson, 1989; Pereira et al., 2000; [To3mees, 2001). Kopuma iide]u baribai
paredz&to augu izcelsmes baribas Ilidzeklu (kvieSu un miezu graudu un miltu)
mikologiskas izmekl&Sanas rezultati Latvija apstiprina literatura aprakstitos faktus par
mikroskopisko sénu izplatibu minétaja dzivnieku baribas grupa daudzas citas valstis
(Moss et al., 1989; Knudtson, Kirkbrige, 1992; Ky3nenos, 2001; Carron u ap., 2001).

Vid&ju mikroskopisko sénu piesarpotibu (9 gintis) eksperimenta laika
konstat€jam ctikgalas subproduktos, kas bija paredzeti idelu €dinasana. Kautproduktu
iespgjamo piesarnojumu ar Aspergillus, Sporothrix, Penicillium, Trichophyton un
Candida mikroskopiskajam séném apstiprina ar1 Ky3uernos (2001) dati. Neraugoties uz
to, ka mikroskopisko sénu sporas spgj attistities plasa apkartgjas vides temperatiiras
diapazona — no 0 °C lidz 35 °C, ar1 citi pétnieki, tapat ka mes, Cladosporium ir
konstatgjusi sasald€tos galas produktos (Moss et al., 1989). Literatuira nav datu par
musu konstatéto Wangiella, Zygosporium masonii un Stemphylium gints izplatibu
dzivnieku izcelsmes baribas lidzeklos, tomér iespgja, ka §is pele§jumsenes ir sist€misko
mikozu izraisitajas, pastav (Quinn, 1994). Misu pétijjuma nebija iesp&jams noteikt, vai
Sporotrix cyanescens mikroskopiskas sénes ctiku subproduktos nokluvusas no mikozes
skartam ciikam, vai ar1, pamatojoties uz autoru (CnecuBueBa, 1964; ®eiiep u ap., 1966;
Kysnenos, 2001) datiem, kuri apraksta Sporotrix cyanescens plaso izplatibu apkarteja
vidé, cuku subprodukti piesarnoti péc ciiku kauSanas, subproduktu apstrades,
sasaldeSanas, uzglabaSanas vai transportéSanas laika. Tomer ar1 citi petnieki zino par
vairaku Sporotrichum gints parstavju izoléSanu no dzivnieku iek$€jiem organiem
(CnecuBrena, 1964).

Liellopu un ctiku subproduktus no piegadatajiem LR kazokzv€ru saimniecibas
sanem sasmalcinatus un sasaldétus, tadeél misu pétijums neatlava noteikt, vai
mikroskopisko sénu avots ir ar mikoze€m slimi dzivnieki, vai ar1 piesarnosana notikusi
subproduktu sasmalcinasanas, sasaldéSanas, uzglabaSanas vai transportéSanas laika
neapmierinoSu higi€nas apstaklu ietekme. Zinatniski tomér iesp&jama ciiku subproduktu
kontaminaciju ar mikroskopiskajam séném baribas apstrades vai uzglabasanas laika
(ITepenbnuk u ap., 1981).

Piekrastes rajonos otrs nozimigakais dzivnieku olbaltumvielu avots wdelu
édinasana ir zivis. Ude]u gatavas baribas sastdva iek]autajiem zivju subproduktiem
pétijuma laika konstat&jam tikai Aspergillus un Penicillium gints mikroskopiskas sénes.
Literattira gan nav datu par min€to mikroskopisko sénu izplatibu zivju subproduktos,
tacu petnieki (Ilepempauk u np., 1981) norada, ka piesarnoSana ar Aspergillus un
Penicillium iesp€jama neapmierinoSu telpu un aprikojuma higiénas apstaklu rezultata
(produktiem nonakot kontakta ar piesarnotam virsmam). Turpretim citos p€tijumos ir
konstatéts zvejas produktu piesarpojums ar Wangiella mikroskopiskajam séném
(Moeller, 2006), kas misu izmeklgjumu laika neapstiprinajas.

Sausa hemoglobina pagatavoSanai izmanto termisku apstradi, tomér proteinu
pulveri konstatéjam 4 mikroskopisko sénu gintis, kuru izoléSanu tikai dal€ji apstiprina
citu autoru pétijumi. Aspergillus un Penicillium (Ilepenbauxk u ap.,1981), ka ari
Trichophyton (Ky3uenos, 2001) gintis ir izolétas no kazokzveéru baribas uzglabasanas
laika noliktava. Miisu pétijumos Kkonstatéta Trichophyton terrestre, Kkas ir
dermatomikozu izraisitajs dzivniekiem, norada uz to, ka §T mikroskopiska séne nav
inaktivéta dzivnieku izcelsmes proteinu termiskas apstrades laika protetnu pulvera
razosanas tehnologiskaja procesa. Uzskatam, ka mikologiskais piesarnojums proteinu
pulverT radies, galvenokart, neatbilstoSu higi€nas apstaklu d€] produkta uzglabasanas vai
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transportéSanas laika. Uz to netieSi norada Mucor klatbiitne, jo $1 peléjumsene ir viens
no bitiskakajiem noliktavu piesarpotajiem (Carron u np., 2001).

Pétijuma laika gatavaja bariba konstaté&jam 16 gintis jeb 74 % no visiem bariba
un tas komponentos izolétajiem pel&juma sénu veidiem. Misu izmekl&umus apstiprina
tikai dazi autori, minot, ka ar mikroskopiskajam séném dzivnieki, taja skaita wdeles,
infic§jas alimentari, pieméram, ar Mortierella (Carter, Wise, 2004) un Trichophyton
(Nicmane, 1982; Ky3nenos, 2001). PlaSo pel&juma sénu izplatibu varétu izskaidrot ari
ar tam labveligo vidi, jo zv@rsaimniecibas mikroorganismu attistibas ierobezoSanai
gatavajai baribai pievieno pieskabi, bet tai paSa laika nodroSinot idealu vidi
pelgjumsenu attistibai. Optimalais pH pel&jumsénu attistibai ir 4.5 — 6.5 (Kwon-Chung,
Bennett, 1992; Wilm, 2007).

Izanaliz&jot mikologisko piesarnojumu atseviskajos baribas komponentos,
jasecina, ka no graudos un to izcelsmes produktos konstatétam mikroskopiskam séném -
67 %, ka arT no subproduktos konstatétajam — 75 % pelg&jumsénu ginsu izolgjam ari
tide]u gatava bariba. Tatad s€nites nav inaktiv€tas miltu maisijuma termiskas apstrades
laika 90 °C temperatiira. Vislielako izturibu uzradija Trichophyton mikroskopiska séne,
jo gan proteina pulveris razoSanas procesa, gan ciku subprodukti tidelu gatavas baribas
sagatavoSanas laika tika termiski apstradati, tacu tas nebija ietekméjis mikroskopiskas
sénes dzivotsp&ju. Trichophyton sporu augsto izturibu atzimé arT citi p€tnieki (Nicmane,
1982; Kysuenos, 2001). Vairaki autori savos pétjjumos arl ir guvusi apstiprinajumu
mikroskopisko sénu sporu izturibai ekstremalos temperatiiras apstaklos (Kwon-Chung,
Bennett, 1992; Pasarell, McGinnis, 1992; Ky3ueuos, 2001), tomér miisu pétijuma laika
graudos un to izstradajumos vairakas konstat€tas pel€juma sénes (Acremoniella atra,
Alternaria un Coremiella cubispora, Crysonilia sitophila, Gliocladium un Zygosporium
masonii) bija inaktivétas termiskas apstrades laika. Kopuma izolétas mikroskopiskas
sénes uzrada lielu izturibu pret paaugstinatu apkartéjas vides temperatiiru. Musu
noverojumu apstiprina autoru (Kysuenos, 2001; ITo3nees, 2001) petijumi, kuri skaidro,
ka izturibu sekmé mikroskopisko sénu ipatnibas — polisaharidus, 1pasi hitinu, satuross
daudzslanu Stnapvalks un sp€a producét sporas. VariSana mikroskopisko sénu
raugveida formas iznicina 10 - 15 minGsu laika, més tomér uzskatam, ka, lai pilniba
inaktivétu mikroskopiskas sénes dzivnieku baribas lidzeklos, nepiecieSama to termiska
apstrade 160 lidz 180 °C temperatiira vismaz 10 miniites, jo baribas lidzeklos
mikroskopisko sénu izturiba pret termisko iedarbibu vél vairak palielinas déel ta, ka
micélijs caurauz baribas Iidzeklu, 1pasi graudu, substratu (Kysneuos, 2001). Diemzel
misu eksperimentos ieklautajas zversaimniecibas $ada baribas termiska apstrade
tehniski nebija iesp&jama.

Izanalizgjot mikologisko piesarnojumu, novérojam, ka no baribas komponentos
konstatetajam mikroskopiskajam séném, 74 % izolgjam ar1 udelu gatavaja bariba.
Izvertgjot termiskai apstradei paklauto komponentu (miltu un ctukgalas subproduktu)
piesarnojumu, konstatgjam, ka no 18 graudos un to produktos esoSajiem parstavjiem
gatavaja bariba nonaku$i 13 parstavji (72 %), bet no subproduktos esoSajiem 9
parstavjiem gatavaja bariba konstateti 8 parstavji (89 %). Misu pé€tijumi paradija, ka
tidelu baribas lidzekli un gatava bariba mikologiski uzrada nozimigu piesarpojumu ar
mikroskopiskajam séném (konstatétas 23 mikroskopisko sénu gintis un sugas), kas
kopuma norada uz to, ka tas sp&j adaptéties dazadas vides. Sadus secinajumus izdarfjusi
arT citi p&tnieki, apgalvojot, ka pelgjumsénu adaptacija ir atkariga no tam pieejama
baribas substrata (Braude et al., 1982; Ky3nenos, 2001; Carter, Wise, 2004).
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Mikroskopiskas senes iidelu parenhimatozajos organos
Microscopic fungi in parenchymal organs of mink

Pétnieki (EmenbsroB, 1990; Carter, Chengappa, 1993; Quinn et al., 1994;
Kysnenos, 2001; Carter, Wise, 2004) ir pieradijusi, ka dzivnieku infic€Sanas,
galvenokart, notiek alimentara cela. Par visjutigakajiem pret pel€jusu baribu Manevics
(1983) uzskata zirgus, ciikas, putnus un ar1 kazokzverus. Sakaribas noskaidroSanai starp
dzivnieku baribas mikologisko piesarpojumu un organisma inficétibu, noteicam
mikroskopisko sénu izplatibu tidelu parenhimatozajos organos.

Mikologiska izmeklésana paradija plasu tidelu organu, ipasi aknu, kontaminaciju
ar pelgjuma séném (skat. 2. tab.).

2. tabula / Table 2
Mikroskopiskas sénes tide]u gatavaja bariba un organos
Microscopic fungi in ready-mixed mink feed and in organs

Mikroskopiskas sénes / Gatava bariba / Aknas | Plausas | Nieres/

Microscopic fungi Readf}é ;r(rinxed /Liver | /Lungs | Kidney

Acremonium spp. - - +

Arthrographis kalrae

E

Aspergillus spp. +

Aureobasidium pullulans

+
4+ |1

Candida spp.

S ESE ES RN
1

Chaetomium spp.

Cladosporium bantianum

Cladosporium herbarum

A EAESES AN

Cladosporium sphaerospermum

Conidiobolus coronatus - - + -

_.l_
1
1
_.|_

Curvularia spp.

_.|_

Emmonsia spp.

Fonsecaea spp.

4+ 11

Fusarium spp.

Geotrichum candidum

Moniliella acetoabutans

Mortierella spp.

Mucor spp.

||+ |+
1

Penicillium spp.

Scedosporium prolificans

|+ ]+
1
1

Sporothrix cyanescens

Stemphylium spp.

Trichophyton terrestre

|+
1
1
1

Wangiella spp. + - -

P&tijuma no aknam izolgjam 11, bet no plausam un nierém — no katras pa 6
pelgjumsénu parstavjiem. Udelu organos konstatéto 17 mikroskopisko sénu ginsu
izplatiba attélota 2. attéla.
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2. att. Mikroskopisko sénu ginSu daudzveidiba iide]u organos
Fig. 2. Amount of microscopic fungi genus in mink organs

Analizgjot Gdelu organu mikologiskas izmekléSanas rezultatus - aknas, nierés un
plausas konstatétas mikroskopiskas sénes iedalijam 2 grupas:

1) gatavaja bariba un organos konstatétas (Aspergillus, Aureobasidium
pullulans, Candida, Chaetomium, Cladosporium, Curvularia, Mucor, Penicillium,
Sporothrix cyanescens, Wangiella) un

2) tudelu organos konstatétas, bet no gatavas baribas neizolétas, mikroskopiskas
sénes (Acremonium, Arthrographis kalrae, Conidiobolus coronatus, Emmonsia,
Fonsecaea pedrosoi, Geotrichum candidum, Scedosporium prolificans).

Gatavaja bariba un parenhimatozajos organos konstatétas mikroskopiskas sénes

Petijuma rezultata gatavaja bariba un art visos tdelu iek$€jos organos (ka aknas,
ta ar plausas un nierés) no 10 sénu gintim konstat&jam tikai Aspergillus un Candida
parstavjus, kas literatiira ir minéti ka visbiezakie disseminéto infekciju izraisitaji
(Carton u ap., 2001). Atradums raksturo $o ginSu lielo izturibu un sp&ju pielagoties
apkart&jai videi. Pieradits, ka Aspergillus spp. labi aug temperattra virs 55 °C (Tansey,
Brock, 1978).

Misu pétijuma rezultata — Aspergillus spp. visos izmekletajos tidelu ieks€jos
organos — izplatibas iesp&jamibu apstiprina ar1 vairaki pétnieki, kuri savos pétjjumos
konstatejusi dzivnieku aknu, plauSu un nieru piesarnojumu ar Aspergillus péec
alimentaras vai aerog€nas inficéSanas (Nicmane,1982; Myrvik, Weiser, 1988; Carter,
Chengappa, 1993; Quinn et al., 1994; Ky3uenos, 2001; Carter, Wise, 2004). Literatiira
tomér trikst datu par Aspergillus gints izplatibu tieSi tdelu organos. Kaut ari plausas
visbiezak ir sakums aspergilozes attistibai, tomeér iesp&jama ari $1s mikozes attistiba
alimentara cela (Young, 1970), jo Aspergillus gints infekcija var sakties arl
gastrointestinala trakta glotada, radot asinoSanu vai perforaciju, ka ar1 izmainas var radit
gan nierés un aknas, gan citos organos (Young, 1970; Kwon-Chung, Bennett, 1992).
Masuprat, §is gints sénes plaso izplatibu tGdelu organos nodro$ina to sp&ja producét
fermentu (Kwon-Chung, Bennett, 1992). legttie tdelu baribas lidzeklu pozitivie
mikologiskas izmekl€Sanas rezultati attieciba uz Aspergillus ginti un vienlaicigi tdelu
plausas nenovérotas patologanatomiskas izmainas, kadas var radit iepriekSminéta
pelgjumséne aerogénas infic€Sanas gadijuma, kopuma norada uz to, ka infic€Sanas
notikusi alimentara cela un infekcijas avots ir piesarnota bariba.

Misu pétijjuma konstatétais tdelu aknu, plauSu un nieru piesarnojums ar
Candida gints sénitém sakrit ar vairaku pétnieku datiem par skartajiem organiem
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dzivnieku organisma péc infic€Sanas ar minéto mikroskopisko séni (CnecuBiieBa, 1964;
Braude, 1982; Carter, Chengappa, 1993), tomer literatiira nav datu par Candida spp.
izplatibu wdelu organos. Citiem pétniekiem gremosSanas trakts un graudi ari ir bijusi
galvenie avoti §1s peléjumseénes izoléSana no dzivniekiem (Kwon-Chung, Bennett,
1992). Neskatoties uz to, ka Candida spp. ir dala no normalas zarnu floras dzivniekiem,
dzilo kandidiazu gadijuma tomér ka galvenas infekcijas vietas min&tas vispirms baribas
vads un tad kungis (Eras et al., 1972). Patologanatomiski konstattais enterits
eksperimentalajam tdelém sakrit ar autoru (CnecuneBa, 1964; Braude et al., 1982)
petijumiem par Candida mikroskopisko sénu intensivu vairoSanos gremosSanas trakta
glotada imunosupresiviem dzivniekiem un tai sekojoSu iekaisuma attistibu. Candida
spp. izolesana vienlaikus gan no tidelu aknam, gan plausam, gan nierém lauj secinat, ka
tidelém ierosinatajs ir izraisijis generaliz&tu saslim$anu, ko apstiprina p&tnieku darbi par
Candida izraisitu generalizétu mikozi galédajiem (Macsween et al., 1979; Quinn et al.,
1994).

Nedaudz mazaku izplatibu, t.i., tikai aknas un plausas, uzradija Penicillium gints
séne. Miisu rezultatus apstiprina autori, kuri dzivniekiem ierosinataju ka saprofitu
konstatejusi glotadas un plausas (Kysumemos, 2001), ka ar1 izol&jusi ar penicilmikozi
slimu sunu aknas (Zanata et al., 2006). Nemot véra tdelu baribas paraugu mikologiskas
izmekl€Sanas rezultatus, kur piesarnojums ar Penicillium mikroskopiskajam séném
konstatéts visos izmekl&tajos paraugos un datus par dzivnieku infic€Sanos ar
ierosinataju alimentara cela (EmenssinoB, 1990), secinajam, ka Penicillium avots varétu
biit piesarnota tidelu bariba.

Iesp&jamo Mucor mikroskopisko sénu piesarnojumu tdelu plausas, ko mes
konstatgjam sava peétijuma, apstiprina autoru (CmnecuBueBa, 1964; Emenbsnon, 1990;
Ky3znenos, 2001) dati par iespgjamu alimentaru vai aerogénu infic€Sanas celu. Miisu
secindgjumu apstiprina Crnecuuesa (1964), noradot, ka Mucor parstavji var atrasties
dzivnieku elpoSanas organos ka saprofiti, neizraisot mikozes attistibu, vai ar1 saslimSana
var noritét latenta forma.

Vienlaikus gatavaja bariba un nierés konstat§jam tikai 2 parstavjus —
Cladosporium bantianum un Curvularia. Lai gan zinatnieki uzskata Curvularia ka plasi
izplatitu fitopatog€nu, tomer ar apstiprina, ka ta var radit dissemin&tu infekciju (Guarro
et al., 1999; Carron u ap., 2001), p€tot $1 ierosinataja raditds saslimSanas zirgiem,
liellopiem, suniem un kakiem (Carter, Chengappa, 1993). lespgjams, ka autoru noradito
patologiju trikums tdelém saistits ar sugas Ipatnibam vai imunitates spraigumu.

Vislielako pel€jumsénu piesarnojumu grupas ietvaros konstatéjam aknas. Bez
iepriek$ apskatitajam Aspergillus, Candida un Penicillium gintim — izolgjam vél citus
5 parstavjus (Aureobasidium pullulans, Chaetomium, Cladosporium sphaerospermum,
Sporothrix cyanescens un Wangiella). Literatira dati par Aureobasidium pullulans
patogenitati ir ierobeZoti, bet ir novérojumi par ta izraisitu mikozu dermatitu (Pritchard,
Muir, 1987). Adas mikozes un alergiskas reakcijas sp&j izraisit ari Chaetomium
mikroskopiska séne (deiiep u ap., 1968), tacu pastav varbitiba, lidzigi misu
konstatgjumam, ka ta var bt arT sistemisko mikoZu c€lonis (Carton u ap., 2001).

Ar1 Sporothrix cyanescens, kas ir viens no Sporotrichum mikroskopisko sénu
parstavjiem, ir daba plasi izplatiti saprofits, tacu ari citu autoru dati liecina, ka §is gints
raugveida formas var izdalit no dzivnieku organiem (CnecuBuesa, 1964; ®eiiep u ap.,
1966; KysuemoB, 2001), jo organisma tas iekliist caur adas un glotadas briicem
(CnecuBrena, 1964).

Petijums liecina, ka Wangiella ar1 var bit sist€miskas mikozes izraisitaja, kas
sakrit ar citu pétnieku vert€§jumiem, tomér visbiezak literatiira minétas ir S§is

19



peléjumsenes izraisitas zemadas mikozes kakiem, suniem, zirgiem, liellopiem, kazam
un citiem dzivniekiem (Quinn et al., 1994).

Literatira gan nav datu, kas apstiprinatu misu pé€tijjuma konstatéto
mikroskopisko sénu ginsu izoléSanu no tdelu ieks€jo organu audiem, tomer pétnieki
1zolejusi Aspergillus, Penicillium, Mucor, Candida, Sporothrix un Geotrichum no
liellopu un ciiku iek$gjiem organiem (Kwon-Chung, Bennett, 1992; Ky3uenos, 2001).

Udelu parenhimatozajos organos konstatétas, bet no gatavas baribas neizolétas
mikroskopiskas sénes

No nierém izol€jam tikai 2 parstavjus - Acremonium un Geotrichum candidum.
lesp&jams, ka Acremonium pel&jumséne persisté tidelu urogenitalaja trakta, neizraisot
saslim$anu. Sadu apstiprinajumu sniedz ari citi pétnieki, jo ta ir spgjiga izraisit
saslimSanas cilvékiem, neskatoties uz to, ka tiek minéta ka plasi izplatits piesarnotajs
(Catton u ap., 2001).

Otrs no nierém izol€tais parstavis - Geotrichum candidum — izraisa reti
sastopamu saslimSanu (geotrihozi) (Carter, Chengappa, 1993), neskatoties uz to, ka ka
saprofits ir izplatits augsné (Myrvik, Weiser, 1988). Miisu pétijuma laika $is
mikroskopiskas sénes atradumu tikai nier€s apstiprina arT citi autori, apgalvojot, ka kaut
ar1 infekcija ir sist€miska, parasti tomér skarts ir viens organs (Carter, Chengappa,
1993).

Plausas konstat§jam 2 parstavjus - Conidiobolus coronatus, Fonsecaea
pedrosoi, kurus neizol&jam tdelu gatavaja bariba, kas liecina par to iesp&jamo ieklisanu
organisma aerogéna cela. Misu rezultatus apstiprina Carter un Wise (2004), jo
inficéSanas var notikt aerogéni ar mikroskopisko sénu sporam piesarpotiem putekliem.
Mingétas sénes petnieki raksturo ka izplatitas augsné (Carrton u mp., 2001).

Misu rezultatu par Conidiobolus coronatus skartiem plauSu audiem apstiprina
ari citi pétnieki (Kwon-Chung, Bennett, 1992), kas =zino, ka ir izolgjusi So
mikroskopisko séni no sunu un zirgu elpoSanas sistémas, kur ierosinatajs izraisijis
deguna glotadas infekcijas.

Aknas konstatétas peléjuma sénes, ka Arthrographis kalrae, Emmonsia,
Scedosporium prolificans - ir apkart§ja videé plasi izplatitas (Degavre et al., 1997;
Hubalek et al., 1998; Ponton et al., 2000; Ky3ueuos, 2001).

Petijuma no ddelu aknam izol€tajam Arthrographis kalrae, iesp€jams,
patogenitates pamata ari ir sp&ja augt paaugstinata temperatira. Petnieki pieradijusi, ka
ierosinatajam piemit sp&ja augt pie 37 °C un 45 °C (Carron u ap., 2001).

Udelu aknas konstatéjam ari Emmonsia. Lidzigus novérojumus ieguvis Hubalek
ar lidzautoriem (1998), noradot, ka min&tas mikroskopiskas sénes izplatibu sekmé sikie
grauzgji, jo ir So mikroskopisko sénu nésataji. lespgjams, ka Emmonsia nonakusi tdelu
organisma no grauz€ju piesarpotiem sprostu pakaiSiem. Tomér izoléta parstavja
iesp&jamibu persistét tidelu organisma apstiprina Hubalek ar Iidzautoriem (1998), jo ir
noverots sénes dimorfisms.

Lidzigi augstakmingtajam, ar1 Scedosporium prolificans iesp&ju persistét tidelu
aknas apstiprina to sp&ja augt pie 45 °C (Carron u ap., 2001).

Udelu gatavaja bariba konstatétas, bet no parenhimatozajiem organiem neizolétas
mikroskopiskas sénes

Analiz€jot 3. tabula attélotos mikologiskas izmekléSanas rezultatus,
konstatgjam, ka ir pel&jumseénes, kuras izolgjam no tdelu gatavas baribas, bet no
parenhimatozajiem organiem — né. Sadu grupu sastada 6 parstavji - Cladosporium
herbarum, Fusarium, Moniliella, Mortierella, Stemphylium un Trichophyton terrestre.
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Sie parstavji literatiira ir aprakstiti ka biezi sastopami augsné, uz augiem un gaisa
(Carron u np., 2001). Trichophyton, uznemot perorali, parasti no asins cirkulacijas
nonak ada (Trubka, 2000), tad€] ar icrosinatdja tipisko patogenézi var izskaidrot ta
neizoléSanu no tidelu organiem. Pargjiem §is grupas parstavjiem, misuprat, iekltisanu
organos aizkaveja dzivnieku organisma neizveidojusies neitrop€nija, kas liecina, ka
iekaisusos audos nav parmerigs neitrofilu patérins (Jemeljanovs L. u.c., 2007). Pé&tnieki
Fusarium ka topoSo patogénu ir konstatjusi tikai pacientiem, kuriem ir samazinats
neitrofilo leikocitu skaits (Perfect, Schell, 1996). Miisu piep€mumu apstiprina ari
statistiska analize, jo izraisitajs (mikroskopisko sénu klatbiitne) nebija ietekmgjis So
Stnu bitisku pieaugumu vai samazinajumu.

Starp visiem pétfjuma rezultata konstatetajiem mikroskopisko sénu veidiem
39 % veido Dematiaceous grupas sénes (Alternaria, Aureobasidium pullulans,
Chaetomium, Cladosporium, Curvularia, Fonsecaea, Scedosporium, Stemphylium,
Zygosporium, Wangiella) (Hogan et al., 1996; Ulloa, Hanlin, 2000; Kwon-Chung,
Bennett, 1992). So mikroskopisko sénu kopiga iezime ir melanina klatbitne $iinas
apvalka. Petnieces (J)Knanosa, Bacunesckas, 1990) pieradijuSas, ka melanina pigmenta
klatbtitne butiski ietekmé So §tnu izturibu pret apkart€jas vides mitruma, temperatiiras
un saules starojuma ietekmi, ka ar1 nodroSina dzivotsp&ju vidé ar nepietiekamu baribas
vielu daudzumu. Turklat organisma tums$i pigment€tajam, melanihu saturo$ajam
mikroskopiskajam séném ir paaugstinata izturiba pret organisma imunitates
aizsargfaktoriem. Iesp€jams, ka tas ir viens no c€lopiem, kad€] miisu pétijuma rezultata
no tidelu parenhimatozajiem organiem izolétajam séném 42 % veido tieSi Dematiaceous
mikroskopiskas sénes.

Kopuma varam secinat, ka lielaka dala no izolétajam pelgjuma séném bija
apkartgja vide izplatitas. Ta ka wdeles bija Aleuta slimibas virusa nésatajas, tad tas ir
bijis nozimigs veicinoSs faktors oportiinistu iekluvei parenhimatozajos organos.

Aknu morfofunkcionalas parmainas
Morphofunctional changes of the liver

Nemot véra mikroskopisko sénu plaSo izplatibu apkartéja videé, no diagnostiska
viedokla, sekojot pétnieku (Deitep u ap., 1968; Kapor u ap., 2003) noradijumiem,
precizakam mikozes diagnozes apstiprindjumam izmantojam udelu organu (aknu,
plausu un nieru) audiem H/E metodi. Visparzinams, ka vartu véna (v.porta) ar
v.mesenterica superior, v.mesenterica inferior, v.lienalis, v.cystica, v.gastrica sinistra,
v.gastrica dextra un v.pregastrica palidzibu savac asinis no alimentara kanala, liesas,
zultspti§la un aizkunga dziedzera (Jubb et al., 1993), un tatad pastav iesp&ja perorali
uzpemtam mikroskopiskajam séném talak nokldt aknas. Tadel turpmakaja pétijuma
velgjamies noskaidrot tikai aknu morfofunkcionalo stavokli, izmantojot vairakas
imunhistokimiskas metodes.

Mikroskopiskas sénes aknas

Mikroskopiskas s€nes no gremosSanas trakta, izejot cauri specifiskajiem un
nespecifiskajiem aizsargmehanismiem, var noklit asinsrité. Nemot véra, ka no aknam
izolgjam saméra daudz pelgjuma sénu ginsu, un ari aknu patologanatomiska aina tomer
bija variabla, misu pétijjuma rezultati sakrit ar vairaku zinatnieku apgalvojumu, ka
mikroskopiskas sénes var persistét dzivnieku ieks$€jos organos bez tipisku klinisku un
patologanatomisku procesu veidosanas (Myrvik, Weiser, 1988; Carter, Wise, 2004).
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Morfologiski 11 tdelu aknu paraugos, kas bija iegiiti no aknam ar distrofijas
patologanatomisko ainu, konstat§jam aknu vénu lumena un hepatocitos apalas
ieslégumveida struktiiras, kas atgadinaja dimorfo sénu aizmetnus. Lai arT Lennette ar
lidzautoriem (Lennette, et al., 1974) norada, ka Sie ieslegumi labi krasojas ar
hematoksilinu, tatu H/E metode nav pietickami selektiva un tap€c izmantojam
specifisko SIK metodi, ar kuras palidzibu tidelu fiksétajos aknu audos atradam apalas
sénu raugveida formas un hifas. Hifas fide]lu aknas atradam starp hepatocitiem visas
aknu acinusa zonas, tacu sénu raugveida formas, galvenokart, bija interlobularajos
zultsvados, un tikai nedaudz starp hepatocitiem periportalaja zona triades tuvuma un ap
centralo vénu.

Mikroskopisko sénu atraSanu perivenulara zona var izskaidrot ar venozo asinu
pliismas Tpatnibam aknas, jo vartu véna no jauna sadalas venozajos kapilaros, kuri, talak
saplistot kopa, veido aknu vénas (Daugerts u.c., 1978), tada veida toksikanti no kunga
un zarnam var noklit arT Saja zona, bet s€nu konstataciju periportalaja zona varam
izskaidrot ar datiem (Scherr, Weaver, 1953), ka raugveida formam izdzivoSanai ir
nepiecieSams skabekla patérin§ 5 — 6 reizes augstaks neka attiecigas sugas micélija
formam.

Misu pétijuma iegiitais mikroskopisko sénu atradums Zultsvados sakrit ar
zinatnieku (Jubb et al., 1993) apstiprinajumu, ka mikotiskas infekcijas biezi invadé
zultsvadus, un pie tam, vienlaicigi ierosinatajus var nekonstatét ne asinis, ne ar1 organu
audos.

Lai ari ar mikologiskas izmekléSanas metodém konstatgjam loti daudz
pel&jumsénu ginsu, tomér Gdelu aknu audos redz&jam saméra maz mikroskopisko sénu
raugveida formu un tikai nedaudz vairak hifas, tacu dazi autori (Peitep u ap., 1968)
norada, ka jebkura histologisko preparatu krasosanas metode nenodroSina visu audos
esoSo mikroskopisko sénu vienmerigu specifisku nokrasosanos.

Neskatoties uz to, ka organisma efektorSiinas (neitrofili un makrofagi) mikozu
ierosinatajus sameéra viegli likvide, tomeér organisma iekluvuSajam mikroskopiskajam
séném piemit sp&ja kavét fagocitu intraceluldro iznicina$anu. Udelu fiksétajos aknu
audos raugveida formu klatbtitne norada uz procesa diseminaciju un iesp&jamu mikozes
diagnozes wuzstadiSanu. Miusu noveérojumu apstiprina pétnieku secinajumi, ka
oporttiniskas mikozes izraisa saslim$anu tikai organisma ar novajinatu imunitati un, pie
tam, spéciga imundeficita gadijuma noveéro jauktu mikozi, kuru izraisijuSas vairakas
mikroskopisko sénu sugas (®eiiep u ap., 1968; Rubin, Farber, 1999).

Sénu saprofitiskai kolonizacijai un talakai izplatibai organisma audos, ir
nepiecieSams Sk€rsot zarnu glotadu (McGee et al., 1992). Petijuma izmantoto tidelu
patologanatomiskaja sekcija noveérojam zarnu glotadu iekaisumu 67 % gadijumos
(12 dzivniekiem no 18), kas bitiski var&ja veicinat ierosinataju adhéziju (pievienosanos)
zarnu glotadai. Otrs nozimigs faktors, kas var€ja veicinat sénu iekl]iSanu asinsrité — ir
mutes, baribas vada vai zarnu glotadu mehaniskie bojajumi, kuru cé€lonis ir aso kaulu
dalu klatbutne tdelu gatavaja bariba. Lidzigu secinajumu sniedz citi pétnieki, ka
gastrointestinala trakta sieninu mikotiska invazija ir plasi izplatitas sekas daudzam
slimibam, un ievainojums, kas skar glotadu, var bit nopietns c€lonis sisteémiskai
infekcijai (Jubb et al., 1993; Ponton et al., 2000; Ky3unenos, 2001; Xi et al., 2004).
Misuprat, mutes dobuma un gremoSanas trakta glotadas bojajumi ir viena no
butiskakajam problémam zversaimniecibas, jo tos viegli var radit esosas asas kaulu
dalas dzivnieku gatavaja bariba. VEl jo vairak, janem véra ar1 Gdelu mutes dobuma
fiziologiska ipatniba, t.i., vaji attistitiec dzerokli, ka rezultata baribu dzivnieki norij,
praktiski to nesasmalcinot (bepecros, 1985).
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Iekaisuma Sunu infiltracija

P&c nokliiSanas organisma mikroskopiskas sénes nonak saskar€ ar fagocitiem un
ickaisuma faktoriem (Ky3suemos, 2001). Iekaisums ir sarezgita reakcija, kura
pakapeniski iesaistas vairaku veidu Stinas. Udelu histologiskajos paraugos ap aknu
centralo venu tika atrasta loti izteikta audu infiltracija ar makrofagiem, neitrofiliem
leikocitiem un limfocttiem, kas rada, ka tidelu aknas vérojams patologisks process.

Salidzinot iekaisuma Siinu izplatibu, vislielako izplatibu uzradija limfociti. Starp
Sinu daudzumiem pastav butiska atSkiriba. Miisu pétito tUdelu aknu visos
histologiskajos paraugos makrofagi bija 328 Stnas (18.4%), neitrofilie leikociti —
479 (26.9 %), bet limfociti — 977 (54.7 %) no Stinu kopgja (t.i., 1784) skaita. Veselos
audos neitrofTlo leikocTtu praktiski nav, tie atrodas asinsrité, tapéc misu piepémumu par
iekaisuma produktu fagocitozes procesu apstiprina ar1 Kellers (1991) un McGee et al.,
(1992). Neitrofilie leikociti audos liecina par akiitu iekaisuma procesu (McGee et al.,
1992). Ar1 Jubb ar kolégiem uzsver, ka neitrofilu darbibai ir nozime mikozu attistiba
(Jubb et al., 1993). Lai arT miisu petijuma neitrofilo leikocitu bija par 27.8 % mazak ka
limfocitu, tomér tas ir nozimigs aknu funkcionala stavokla raditajs. Klatskin un Conn
(1993) apstiprina, ka hepatocitu neitrofilu infiltraciju novéro pie hepatita un tas liecina
par aknu parenhimas infekciju, un to izvietojums ap triadi ir anormali.

Aknu paraugos, galvenokart, noveérojam, ka daivinu arhitektiira ir saglabata, bet
iekaisuma infiltrats, kas bagats ar limfocitiem, pleSas virziena no portala trakta uz
blakus esoSo parenhimu, kas liecina par patologiskiem procesiem. Ta ka parasti ap triadi
atrod tikai dazus limfocitus (Klatskin, Conn, 1993), tad autori (Macsween et al., 1979)
Sadu ainu raksturo ka hronisku aktivu hepatitu, bez noslieces uz aknu nekrozi, tacu
dazos paraugos tomér iekaisuma infiltracija bija redzama visas parenhimas dalas,
neietverot tikai portalas vai periportalas dalas. Sadu ainu autori (Macsween et al., 1979)
raksturo ka hronisku aktivu hepatitu ar noslieci uz aknu nekrozi. Musu eksperimenta
tdelu aknu histologiskajos paraugos pa retam konstatéjam limfocitu infiltratus ari ap
centralam vénam. Limfocitu infiltracija liecina par iekaisuma procesu perekli un
raksturo reakciju, ko izraisijusi mikologiskas dabas infekcija (Willard et al., 1994).

Lai ar1 Kupfera Siinas visbiezak ir atrodamas acinusa pirmaja zona (Young,
Heath, 2000; Ross et al., 2003; Young et al., 2006), tom&r mes aknu audu paraugos So
Stnu infiltraciju konstatéjam ne tikai ap portalajiem traktiem, bet arT ap centralo vénu.
Tas sakrit ar zonam, kur atradam mikroskopisko sénu raugveida formas. Kupfera Stinu
infiltracija veidojas vé&lakajas iekaisuma faz€s un raksturo organisma imunitates
spraigumu. Turklat hroniska iekaisuma gadijuma makrofagi iekaisusajos audos
aktivgjas (Kellers, 1991), un ar T Stnu starpniecibu aktivetie makrofagi ir iesaistiti
mikozes samazinasana (Jubb et al., 1993). ArT citi autori (McGee et al., 1992) norada,
ka miisu konstatetajam lidzigais Kupfera Stinu izvietojums kopuma var but aknu
raksturiga reakcija uz mikroskopisko sénu izraisitu infekciju organisma.

Fibroblastu augSanas faktora receptors (FGFR)

Izvertejot iepriekseja sadala noveroto iekaisuma Siinu sadalijumu, atklats paliek
jautajums par iekaisuma procesa gaitu, kuras viens no raksturotajiem ir FGFR aktivitate.
Hroniska iekaisuma rezultata notiek izmainas FGF (fibroblastu augsSanas faktora)
razoSana vai atbrivoSana, tatad notiek ar1 izmainas FGFR ekspresijas daudzuma un/vai
aktivitate (Thomson, Lotze, 2003).

Veicot FGFR1 izpeti eksperimenta ieklauto idelu aknas, tos atradam limfocitos
un makrofagos, tadgjadi musu atradums sakrit ar datiem par to, ka augstas un zemas
aktivitates FGF receptori atrodas Stnas un komplekss FGF/FGFR izvietojas Siinas
kodola (Thomson, Lotze, 2003). Ta ka FGFR ir iesaistits ECM degradacijas kontrolg,
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FGFR ekspresijas Itmenis tieSi proporcionali ietekmé Siinu proliferaciju un migraciju,
tad musu pétijuma rezultati liecina par iekaisuma Stinu proliferativo procesu, pie tam,
par procesa hronisku gaitu. Lai arm noveérota FGFRI1 ekspresija, galvenokart,
periportalaja dala tomér raksturo iekaisuma hroniski akiito dabu, tomér tas apstiprina
mikozu izraisito iekaisumu, jo, ja infekciju izraisijuSi fakultativi intracelulari
mikroorganismi, organisms var nespét pilniba eliminét antigénu, patogénie organismi
persisté€ makrofagos un izraisa hronisku iekaisumu (Kellers, 1991).

Vaskularais endotelialais augSanas faktors (VEGF)

Vaskularais endotelialais augSanas faktors (VEGF), kur§ ir pazistams ari ka
vaskularais permeabilitates faktors — ir viens no spécigakajiem endotélija caurlaidibas
regulatoriem (Essser et al., 1998; Rajkumar, 2001; Nolan et al., 2004).

Petijuma laika VEGF aktivitates pieaugumu konstatejam, galvenokart,
periportalajos hepatocitos. Tatad faktors ir kapinajis aktivitati aknu zonas, kas bagatigi
apgadatas ar skabekli. Secinajam, ka VEGF veicina sinusoidalo endotelialo §tinu un
hepatocitu proliferaciju. Konstatétais sakrit ar citiem pétijumiem (Taniguchi et al.,
2001; Shimizu et al., 2005), kaut gan ir ar1 pret€ji dati (Shimizu et al., 2005; Hironobu
et al., 2006; Osada et al., 2006; Tsuchihashi et al., 2006), ka tikai hipoksija stimulé
VEGEF ekspresiju. VEGF atradumam periportalaja dala izskaidrojumu varétu dot arT tas,
ka Saja zona atradam ar1 Kupfera Siinas, kuras sp&j nozimigi ierosinat minéta proteina
sintézi (Taniguchi et al., 2001).

VEGEF tika konstatéts arT aknu asinsvados. Svarigi, ka faktora darbibas rezultata
veidojas asinsvadu sairums, palielinas asinsvadu caurlaidiba un attistas iekaisuma
process (Essser et al., 1998; Taniguchi et al., 2001).

Neskatoties uz to, ka VEGF producé vairaki §tinu veidi, ieskaitot makrofagus,
trombocitus, laikocitus, polimorfonuklearos neitrofilus (Thomson, Lotze, 2003;
Coenjaerts et al., 2004), misu pétijuma neapstiprindjas pozitiva sakariba starp
iekaisuma Stinam un VEGF ekspresijas intensitati. Tas liecina, ka tidelu organisma ir
faktors ar VEGF aktivitati blok&josSu darbibu. Izradas, ka Parvoviridae dzimtas virusi
(tatad ar1 Aleuta viruss) ir ar onkosupresivu darbibu un blok€ VEGF aktivitati
(Blechacz, Russell, 2004).

Udelu aknu paraugos novérojam sakaribu - ja aknas ir tikai dazi apoptotiski
hepatociti, tad VEGF izplatiba ir bitiska. Tas pierada, ka VEGF pieauguma rezultata
tieck sekméta organa atbilde uz bojajumu un ir saistita ar sinusoidu homeostazes
uzturéSanu aknu distrofijas laika. Kopuma VEGF aktivitates pieaugums periportalajos
hepatocitos dzivniekiem ar uzsakuSos apoptozi norada uz iesp&€jamu §1 augSanas faktora
antiapoptotisku lomu, kas sakrit ar citiem autoriem (Ueda et al., 2006).

Nervu augSanas faktora receptors p75 (NGFR)

Kupfera $tinam ir butiska nozime organisma aizsardziba (Laskin, 1990), tacu
gan aktivetas §1s Siinas, gan komponenti, ko atbrivo infiltrativie neitrofili, bojatas Siinas,
piem&ram, apoptisko Stinu peroksidi, metaboliti un brivie radikali (H,O, vai NO), ar1
mikroskopisko sénu metaboliti, kuru rezultata notiek aknu makrofagu aktivacija,
kopuma ir izskiro$i aknu zvaigznveida Stnu (HSC) aktivacijai, kas var izraisit aknu
fibrozi un hepatocitu apoptozi (Laskin, 1990; Maher, 1999; Tsukamoto, 1999; Wu et al.,
1999; Oakley et al., 2003; Friedman, 2005). Fibrotisku bojajumu laika hepatociti
ekspres€ NGF (jeb neirotropinu) (Oakley et al., 2003), tacu NGF darbibas efektivitati
paaugstina art NGFR p75 no aktivétam aknu zvaigznveida $§tinam (Rubin, Farber, 1999;
Wu, Zern, 2000; Trim et al., 2000; Passino et al., 2007).
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Petijuma rezultati demonstréja vidéju aknu zvaigznveida Siinu daudzumu, kas
korelgja ar aktivizéto hepatocitu apoptozi. Noverotais liecina par aknu atbildes reakciju
uz bojajumu. P&tnieki ari konstatéjusi, ka galvena iezime regeneracijas procesam ir
aktivéto HSC apoptoze (Issa et al., 2001). M&s secinajam (lidzigi Oakley et al., 2003),
ka nervu augSanas faktora receptors (NGFR p75) izdalas no hepatocitiem aknu
bojajumu laika un ir saistits ar zvaigznveida makrofagu (HSC) apoptozi, tatu NGFR
izpausme nav biitiska aknu apoptozes laika, kas, iesp€ams, ir HSC adaptiva
kompens€josa atbilde ne tikai uz pasu apoptozi, bet ar1 uz iekaisumu un/ vai distrofiju,
par ko liecina NGFR ekspresija vairak ap Zultsvadiem un periportala dala.

Hepatocitu augSanas faktors (HGF)

Pétnieki secinajusi, ka HGF nav veselos hepatocitos (Defrances et al., 1992;
Miyazawa et al., 1996; Ishikawa et al., 2001), jo atrodas neaktiva forma, tacu aknu
kairinajuma vai bojajuma gadijuma transformgjas aktiva forma (Ljubimova et al., 1997,
Hiroshi, Toshikazu, 2003; Watanabe et al., 2003). HGF ekspresiju novérojam pilnigi
visos udelu aknu paraugos. HGF izdale, galvenokart, bija vérojama hepatocitos
vienmerigi vai peréklveidigi vairak ap zultsvadiem un portalajiem traktiem. Minéta
faktora nelielu klatbuitni konstatéjam ar1 asinsvadu (interlobularo vénu) endoteliocitos,
t.1., neparenhimas S§tnas. Misu pétijjuma noveéroto HGF ekspresiju, galvenokart,
hepatocitos apstiprina ari citu autoru iegutie rezultati (Rajkumar, 2001; Thomson,
Lotze, 2003). Turklat, augSanas faktora konstatéta izkliede vairak ap zultsvadiem un
portalajiem traktiem, sakrit ar zonam, kur biezak konstatéjam iekaisuma Stinu un sénu
raugveida formu klatbiitni. Noveérotais liecina, ka HGF darbojas ka faktors, kas uzlabo
aknu regeneraciju organa bojajuma laika, ko apstiprina citi p&tijumi (Sakaguchi et al.,
1994; Ljubimova et al., 1997; Ishikawa et al., 2001; Watanabe et al., 2003; Hironobu et
al., 2006). To var izskaidrot ar HGF sp€ju stimulét ne tikai aknu parenhimatozo $iinu,
bet ari biliaro epitelialo Stinu proliferaciju (Joplin et al., 1992).

Palielinata $inu apoptoze ari norada uz organa bojajumu. Udelu aknu paraugos
noveérojam sakaribu starp hepatocitu apoptozi un HGF, proti, aknas ar vid€ju
apoptotisku hepatocitu daudzumu iepriek§ minéta augSanas faktora ekspresija bija
bitiska, turpretim aknas ar lielu apoptozi — HGF ekspresija bija maza. So novéroto
sakaribu var€tu izskaidrot ar molekulu Bag-1, t.i., iespgjamo doménu HGF
un §1s tirozines fosforiléSanos papildina intracelularas signalmolekulas. Pieradits, ka
Bag-1 tie$i ir atbildigs par hepatocitu augSanas faktora antiapoptotisko aktivitati
(Funakoshi, Nakamura, 2003).

Aknu struktaru bazalas membranas

Matrices metaloproteinazu galvena funkcija ir ekstracelularas matrices (ECM)
komponentu degradacija (Sasaki, Takahara, 1995; Arthur, 1997, Friedman, 1999;
Alexandrova, Nikolova, 2002; Hanumegowda et al., 2003), tacu IV tipa kolagéns un
laminins atrodas arT bazalaja membrana (McGee et al., 1992; Eurell, Frappier, 2006),
t.sk., asinsvados.

P&tijuma tdelu aknas lamininu, IV tipa kolagénu un fibronektinu konstat&jam
fragmentari (asinsvadu siena atseviskus posmus), vaji izteikti un, galvenokart, tikai
asinsvadu kapilaros. Zultsvados un lielajos asinsvados tos nekonstat&jam. Tas norada uz
bazalas membranas caurlaidibas palielinaSanos un samazinatu asinsvadu aizsargbarjeru.
Tadgjadi tas nodrosina pazeminatus imiinas aizsardzibas apstaklus (Kmumo u ap., 2005;
Brown et al., 2006).
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Bazalas membranas komponenti pétijuma izmantoto tdelu aknas praktiski
nebija izteiktas matrices metaloproteinazu ekspresijas gadijuma, kas liecina par
nozimigu iekaisuma procesu. To apstiprina pétijumi, ka iekaisuma S$inam, TpaSi
makrofagiem, piemit sp&ja aktivi sintezet, uzkrat un izdalit IV tipa kolagenazes MMP-2
un MMP-9 (Birkedal-Hansen, 1993; Hanumegowda et al., 2003), kuras liz€ bazalo
membranu komponentus IV tipa kolagénu un lamininu, ka arT proteoglikanus, zelatinus,
elastinu un fibronektinu (Twining, 1994). Par metaloproteinazes iesp&jamo ietekmi uz
bazalo membranu komponentiem liecina fakts, ka pétjjuma udelu aknas MMP-9
pozitivas struktiiras biezi atradam blakus asinsvadiem.

Nozimigs asinsvadu sieninu bojajumu célonis ir arf Gidelu Aleuta viruss. ST
virusa patogenézes pamata ir sp&ja veidot asinis kompleksus (viruss-antiviela-
komplements), kuri piestiprinas pie asinsvadu sieninam, veidojot sakopojumus un
izraisa arteritus, ka ar1 bazalas membranas izzuSanu (Porter et al., 1973; Trubka, 2001).

No augstak minéta jasecina, ka tidelu aknas esam konstat&jusi loti nozimigus
mikoZzu attistibai veicinoSus faktorus.

Matrices metaloproteinazes (MMP)

Matrices metaloproteinazes (MMP) (MMP-2 un MMP-9) ir endopeptidazes,
kuru aktivitati regulé iekaisuma un imunologiskie procesi (Borregaard et al., 1995;
Goetzl et al., 1996; Arthur, 2000; Sheu et al., 2001; Hanumegowda et al., 2003;
Friedman, 2003; Visse, Nagase, 2003). Pie tam, kolagenazu paaugstinata aktivitate
zinota aktitos gadijumos vai ar1 hronisku aknu bojajumu agrinas fazés (Arthur, 2000;
Opdenakker et al., 2001). Matriksinu (MMP) galvena funkcija ir ekstracelularas
matrices (ECM) degradacija (Arthur, 1997, Massova et al., 1998; Friedman, 1999;
Alexandrova, Nikolova, 2002; Hanumegowda et al., 2003). Sarezgitu ECM satur Disé
telpa - IV tipa kolagénu, lamininu, proteoglikanus un fibronektinu (Ingber, 1991;
Twining, 1994; Arthur, 1998; Hahn et al., 1980). ECM degradacijas rezultata
ievérojami pavajinas gazu un vielu apmaina starp asinim un hepatocitiem (Klatskin,
Conn, 1993; Young et al., 2006).

Eksperimenta ieklautajam tdelem MMP-2 (Zelatinazes A) izdalosas struktiiras
aknu daivipas atradam vienmérigi un parenhima bija vérojama diezgan liela iekaisuma
Stnu infiltracija. Tom&r mums neizdevas novérot MMP-2 korelaciju ar kadu no
iekaisuma intensitates grupam. Tas varetu biit izskaidrojams ar to, ka, lai ar1 neitrofilie
leikociti ir nozimigs reaggjosa skabekla sugas avots (ROS, t.i., loti reagétsp&jigi O,
metaboliti — peroksida radikalis O,’, Gidenraza peroksids H,O; un hidroksil radikalis HO
(Thannickal, Fanburg, 2000)), kas ar peroksida formu stimulé zvaigznveida §tinu (HSC)
kolagéna sintézi, tomér aktivéts neitrofils producé ar1 slapekla monoksidu, kurs, tiesi
otradi, var samazinat sakotngjo peroksida izdali Siinas, blokejot MMP-2 sekréciju, un
samazinot fibrozes veidoSanos aknas (Asai, 2006). Uzskata, ka MMP 2 intensitate ar
aknu fibrozes attistibu paaugstinas pakapeniski. Pie tam, leikociti aknas iekaisuma laika
var veidot ar Kupfera Sinam spécigu savienojumu, kas izmaina zvaigznveida Siinu
darbibu (Asai, 2006), tada veida samazinot MMP-2 ekspresiju. Tas nozimg, ka
paaugstinata MMP aktivitate aklitos bojajumos parasti veidojas no iepriek§ uzkrato
MMP atbrivoSanas no endot€lij$§iinam vai no iekaisuma $tinu piepliides un aktivacijas
(Benyon, Arthur, 2001). Lidzigu novérojumu ir ieguvis ar1 Arthur (1998), kur§ apgalvo,
ka Zelatinaze A ir maz veselas aknas, bet dramatiski pieaug aknu slimibas, tacu
secindjis, ka, fibrozei progresgjot, MMP-2 aktivitate vai nu nav vai ari ir loti neliela.

MMP-2 izdalija makrofagi un nedaudz ari fibroblasti, kaut gan pé€tnieki
noveérojusi, ka MMP producé ar1 vél citas iekaisuma Siinas, pieméram, sinusoidalas

26



endotelialas Stnas, aktivétas HSC un laundabigo audzgju Siinas, (Birkedal — Hansen,
1993; Hanumegowda et al., 2003; Friedman, 2005).

Izvertegjot MMP-9 ekspresiju tdelu aknas, zelatinazes B augstaku aktivitati
noverojam 2. apakSgrupai, t.i., ar vidéju daudzumu MMP izdalosam struktiiram un
vidgji izteiktu iekaisumu. MMP-9 atradam Kupfera $iinds un nedaudz ari iekaisuma
Stnas asinsvados. To varétu izskaidrot ar Kupfera Siinu aktivitati, kuru infiltracija
veidojas vélakajas iekaisuma fazés un hroniska iekaisuma gadijuma tas iekaisuSajos
audos aktivgjas (Kellers, 1991). Turklat, aknu zvaigznveida Stinas (HSC), izdalot
MMP-9, papildus veicina Kupfera Stunu darbibu (Opdenakker et al., 2001; Friedman,
2003) ar sekojosu ECM degradésanu un invazivo procesu turpmako attistibu (Kanbe et
al.,, 1999; ConoBwseBa u ap., 2001). Ari citi autori (Cursio et al., 2002) secina, ka
zelatinaze B ir plasi atrodama iekaisuma $tinas un, 1pasi to ekspresé Kupfera Siinas,
kuram ir galvena nozime aknu bojajumos. Taja pasa laika, izanalizgjot iekaisuma Stinu
strukturalo dalijumu @idelu aknas, redzam, ka makrofagi bija tikai 18,4 %. Tatad pastav
vel kads cits faktors, kas varétu veicinat MMP-9 izdaliSanos. Piemeram, tas varétu biit
ari proteazes, neitrofilu atvasinata elastaze, kas ir viens no efektivakajiem
patofiziologiskajiem MMP-9 aktivatoriem (Ferry et al., 1997).

Pie tam, MMP-9 pozitivas struktiiras biezi bija grupinas blakus asinsvadiem, kas
sakrit ar citiem pétfjumiem, jo aktivétas kolagenazes lokaliz€jas bazalas membranas
tuvuma un iedarbojas uz to kolagenolitiski (Hanumegowda et al., 2003).

Statistiski guvam apstiprinajumu, ka iekaisuma Stnu skaita svarstibas korele ar
MMP-9 saturosajam $iinam, pie tam, atSkiriba ir biitiska. Tatad zelatinazes B (MMP-9)
koncentracijas Itmenis audos tieSi korele ar iekaisuma procesu, kas sakrit ar citu
pétnieku (Pirild, 2003; Reif et al., 2005) secinajumiem.

Hepatocitu apoptoze

Apoptoze ir genctiski noteikts, ickS€js SGnu bojaejas - paSiznicinasanas
mehanisms, kuru ietekm& dazadi apstakli (Rubin, Farber, 1999). Hepatocitu bojaejas
c€lonis var bt arm mikroorganismu aktivitate (Klatskin, Conn, 1993). Hazen un Glee
(1995) skaidro, ka micélija elementu vai konidiju parvérSanas par vienStinas formu un
izplatiSanas organisma audos noved pie vitali svarigu audu destrukcijas. Lai arT autori
(Deitep u np., 1968; Iloznees, 2001) uzsver, ka mikroskopiskas sénes spgj izraisit
organu Siinu bojajumus, izmainot metabolismu un Stnu sienigu struktiiru, tomer mes
pétijuma rezultata neatradam korelativu saikni starp mikroskopisko sénu ieslégumu
daudzumu un apoptotisko Stinu skaitu, jo 12 — 14 vid€jo apoptotisku Siinu daudzumu
konstat€jam gan, kad izraisitaja ieslégumu daudzums bija vid€js (+ +), maz (+) vai tos
nekonstat&jam vispar.

Petijuma izmantoto tidelu aknu paraugos hepatocitu apoptozi noverojam visas
parenhimas dalas, kaut gan fiziologiski apoptozes process, galvenokart, notiek centralas
vénas apvidl, kas nozimé, ka hepatociti rodas aknu acinusa 1. (periportalaja) zona un
1énam migré uz 3. (centrolobularo) zonu, kur degenergjas (Klatskin, Conn, 1993; Green,
1998; Rubin, Farber, 1999). Misu pétijuma konstatétas izkaisitas apoptotiskas Siinas,
saskana ar Klatskin un Conn (1993) datiem, liecina par sist€émisku infekciju, pie tam,
tadu, kas ir saistita ar Kupfera $tinu un dazada daudzuma neitrofilo leikocttu infiltraciju.

Viens no hepatocitu bojaejas c€lopiem ir iekaisuma Stnu (neitrofilo leikocitu un
makrofagu) aktivitate (Jubb et al., 1993). Izvertgjot statistiski sakaribu starp iekaisuma
Sinam un hepatocitu apoptozi, atklajas, ka pie loti lielas vai vid€jas apoptozes
iekaisuma S$tnu ekspresija butiski neatSkiras, turpretim pie mazas apoptozes - to
daudzums biitiski ir mazaks. Aprékinata statistiska sakariba uzrada, ka iekaisuma Stinam
ietekme uz apoptozi nav biitiska. No min&ta secinam, ka apoptozes process var notikt
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ar1 bez iekaisuma reakcijas attistibas, kas sakrit ar p&tnieku (Green, 1998; Green, Ree,
1998; Rubin, Farber, 1999) datiem, ka ar1 iegiitais relativi nelielais vidgjais apoptotisko
Stinu skaits aknas atbilst citu zinatnieku datiem par to, ka imiinregulacijas un infekciju
laika aknas var novérot apoptozi (Rubin, Farber, 1999). Ta ka iegitie rezultati
neparadija hepatocitu apoptozes korelaciju ar iekaisuma Sitinu infiltraciju, més uzskatam,
ka ir kads cits cé€lonis, kas rada apoptozi. Pé&tnieki (Klatskin, Conn,1993; Schulte-
Hermann et al., 1997; Rubin, Farber, 1999) apgalvo, ka sads process ir raksturigs
viralam infekcijam, jo kaspazes aktivitates pieauguma un $iinas mitohondriju bojajumu
kombinatas iedarbibas rezultata aktivéjas ferments endonukleaze un sakas
internukleosomala DNS fragmentacija. Tacu miisu pétijjuma izmantotajiem dzivniekiem
So nelielo apoptotisko hepatocitu daudzumu, iesp&jams, varétu izskaidrot ar organisma
persistgjosa tidelu Aleuta slimibas virusa klatbiitni, jo virusu iedarbibas rezultata var tikt
kavets apoptozes process, tiem inhib&jot nuklearo proteinu p53 un kaspazes, kas izraisa
Stinas DNS bojajumus (Rubin, Farber, 1999).

Kopuma pétijums paradija, ka ir daudzveidigs baribas mikologiskais
piesarnojums un Aleuta slimibas virusa skartam tidelém pel&jumsénu izplatiba ari
parenhimatozajos organos, 1pasi aknas. Vienlaicigi aknas konstatétai iekaisuma Stinu
infiltracijai, degeneracijas markieru ka matrices metaloproteinazu ekspresijai, bazalas
membranas bojajumiem, hepatocitu apoptozei, aknam tomér ir saglabata bitiska
regeneracijas sp&ja, par ko liecina augSanas faktoru intensiva izdale: no zvaigznveida
Sinam (nervu augSanas faktora receptori - NGFR p75), no aknu parenhimas un
neparenhimas S$tinam (hepatocitu augSanas faktors — HGF) un no periportalajiem
hepatocitiem (vaskularais endotelialais augSanas faktors — VEGF).

Bitiski biitu noveérst idelu baribas piesarpojumu un ieviest jaunakas
imtinhistokimiskas diagnostikas metodes patologisko procesu izmeklé$ana, lai uzlabotu
kazokzveru izdzivoSanas un izkopSanas iespé€jas.
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SECINAJUMI

Udelu baribu raksturo daudzveidigs mikologiskais piesarnojums, galvenokart, ar
Aspergillus, Candida un Penicillium gintim.

Konstatgjot baribas kontaminaciju ar peléjuma seéném, no Aleuta slimibas skartu
tdelu aknam izol€ visvairak (11), bet no nierém un plausam - ievérojami mazak
(6) pelgjumseénu parstavjus, galvenokart, Aspergillus un Candida gintis.

Par mikroskopisko sénu klatbiitni tidelu aknas liecina hifas starp hepatocitiem
visas aknu acinusa zonas; raugveida formas starp hepatocitiem periportalaja,
perivenulara zona un interlobularajos Zultsvados, ka art iekaisuma S§tnu
infiltracija ap portalo traktu un visas parenhimas dalas.

Vaja fibroblastu augSanas faktora receptora (FGFR) ekspresija aknu
periportalaja dala, galvenokart, limfocitos un makrofagos, iesp&jams saistita ar
iekaisuma hronisko norisi.

Vaskulara endoteliala augSanas faktora (VEGF) aktivitates pieaugums
periportalajos hepatocitos dzivniekiem ar aknas sakuSos apoptozi norada uz
iesp&jamu 81 augSanas faktora anti-apoptotisko lomu.

Nervu augsanas faktora receptors (NGFR) tiek ekspres€ts no hepatocitiem aknu
bojajumu laika un ta izdale saistas ar iekaisumu un / vai distrofiju, par ko liecina
NGFR ekspresija vairak ap zultsvadiem un periportala dala vienlaicigi ar
iekaisuma Stnu infiltraciju.

Hepatocitu augSanas faktora (HGF) izkliede galvenokart ap Zultsvadiem un
portalajiem traktiem sakrit ar iekaisuma un raugveida formu klatbiitnes zonam,
noradot, ka faktors stimulé ne tikai aknu parenhimatozo $iinu, bet ari biliaro
epitelialo $tinu proliferaciju.

Ude]u aknu asinsvados laminins, IV tipa kolagéns un fibronektins atrodams
fragmentari, un, galvenokart, tikai mazajos asinsvados, kas norada uz iesp&jamu
lokalu asinsvadu bojajumu organa.

IETEIKUMI

Udelu baribas komponentu uzglabaSanas un sagatavoSanas laika novérst
apstaklus, kas sekmé& mikroskopisko sénu attistibu.

Lai izvairitos no lieliem ekonomiska rakstura zaud€jumiem, ko izraisa dzivnieku
kriSana un pazeminata augliba, zv@rsaimniecibas ir jaorganizé regulara udelu
baribas komponentu mikologiska izmekléSana un baribas piesarnoSanas
gadijuma javeic attiecigi pretpasakumi.

Dzivnieku naves c€lopu un aknu patologiju noskaidro$anai izmantot
diagnostisko imiinhistoktmiju, nosakot sekojosus markierus: FGFR, VEGF,
NGFR, HGF, aknu strukttru bazalas membranas, MMP un apoptozi.
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INTRODUCTION

Topicality of the work

Fur-farming in Latvia is one of the sectors of agriculture with several decades’
long experience. Currently there are 14 fur farms engaged in a commercial rearing of
fur animals. A dynamics of mink breeding herd development in Latvia in the last few
years shows a stable and gradual growth. A number of cubs reared in 2005 as compared
with 2004 increased by 9.03 %, but in 2004 — as compared with 2003 — by 8.36 %.

Although economic indexes show that fur-farming currently is a successful
sector in Latvia however a significant index of fur-farming efficiency is a number of
cubs obtained. In 2003, in average 3.68 cubs were obtained per female, in 2004 — 3.56
cubs, but in 2005 — 3.88 cubs. These data proves, that a number of cubs obtained from
one female during these 3 evaluated years is rather low as compared with other
countries, which possibly is a proof of certain health problems in the herd of fur
animals.

The sector suffers considerable losses due to a widely-spread Aleutian disease of
mink. Unfortunately, no adequate attention to eradication of this disease is paid to in all
mink herds.

One of the reasons for instability of these indexes could be a contamination and
poor quality of animal feed materials that has a direct impact on health of the heard,
including reproductive ability. Wenzell and Keil (1980) also point out that in Germany
a reason for 60 % cases of fur animal diseases is contamination of feed or inadequate
feeding. Thus peculiarities of keeping and feeding of fur animals — a high stocking
density of animals on a small territory, preparation of feed mixtures on the spot at a
farm kitchen, a high content of animal protein and fats in feed mixtures, use of unheated
animal products in preparation of feed mixtures, physiological requirement of animals
for balanced feed with a high nutritional value depending on a seasonality — can
facilitate diseases of animals caused by relatively pathogenic microorganisms, including
microscopic fungi (Ilepenpaux u ap., 1981) particularly if their immunity protection is
reduced.

Some indications can be found in literature (Juokslahti, 1978; 1979) regarding
bacteriological examinations of ready-mixed feed and feed materials for minks but there
1s not enough data on microbiological contamination of feed and its impact on organism
of fur animals therefore we have carried out such a research. Until now there were no
research carried out in Latvia on presence of microscopic fungi in mink feed and their
impact on animal health.

Hypothesis of our paper is based on an assumption that in addition to
bacteriological contamination the presence of microscopic fungi is also possible in feed
materials, which causing a disease brings about disorders of mink reproductive system,
hinders development of young animals, causes a high mortality rate and creates
considerable economic losses. Therefore a significant problem is to study diseases of
unclear etiology and lethality of minks and their cubs affected by Aleutian disease virus.

Taking into account the abovementioned, the aim of the paper was to clarify
distribution of moulds in mink feed materials and after feeding to determine
pathological processes in parenchymatous organs on the background of Aleutian disease
virus.
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Tasks of the work

To investigate the presence of mould genus in mink feed materials.

To investigate the presence of moulds in parenchymatous organs of minks and
to determine their genus.

To clarify factors inducing activity reduction of minks immune system.

By means of immunohistochemical methods to investigate morphopathology of
mink liver affected by Aleutian disease virus in cases of mycosis.

Scientific novelty of the paper

It is for the first time in Latvia that a link between moulds present in mink feed
materials and mycological contamination of parenchimatous organs of animals
affected by Aleutian disease virus has been investigated.

New data has been obtained on pathological processes in mink liver in cases of
mycosis.

For the first time in Latvia in veterinary medicine the latest immunohischemical
methods have been used in diagnostics of pathological processes in the
following combination: VEGF, NGFR, MMP2 and MMP9, FGFR, HGF and
components of basal membrane — Fn, Lm, collagen IV, and new results have
been obtained in hepatopathology.

Approbation of the results of investigation

The research results have been approbated in the following international scientific
conferences:

l.

2.

RSU Scientific Conference, Riga, March 29 — 30, 2007. Influence of
inflammation caused by microscopic fungi on basal membrane of mink liver.
International scientific conference “Animals. Health. Food hygiene”. Latvia,
Jelgava, November 10, 2006. Matrix metalloproteinases MMP-2 and MMP-9 in
mink liver.

10th National Congress of Anatomy. Turkey, Bodrum, 6 — 10 September 2006.
Vascular endothelial growth factor (VEGF) and Nerve Growth Factor receptor
(NGFR) in the mink liver.

12 International scientific conference ,,Research for rural development 2006.
Latvia, Jelgava, 17 — 20 May, 2006. Fungi in the mink feed and organs.

2nd Annual General Meeting. Malta, 3 — 6 May 2006. Fungi in mink feed and
morphopathology of the liver.

Anatomische Gesellschaft — 101st Annual Meeting. Germany, Freiburg, 7 — 10
April, 2006. Mycological contamination of mink feed and it’s influence on the
morphopathology of internal organs.

Congress of Latvian doctors. Latvia, Riga, June 16-18, 2005. Influence of
mycological contamination of mink feed on mophopathology of minks.

Scope of the paper. The doctoral thesis consists of 120 pages and it constitutes:
annotation, introduction, survey of literature and methodology, research results,
discussion, conclusions, recommendations, the list of literature and annex.
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MATERIAL AND METHODS

The research was carried out in the period from July 2004 to April 2007. We
obtained samples of mink feed from four fur farms in Latvia. Feed for microbiological
examination was randomly taken from warehouses and cold stores of fur farms —
samples of frozen offal of pigs and bovines (lungs, larynx, trachea, fat and fore stomach
of bovines), by-products of frozen fish, hemoglobin powder, bone meal, protein
powder, bran, wheat/barley meal and wheat/barley grain as well as samples of ready-
mixed feed. In general 11 samples of ready-mixed mink feed and 32 samples of feed
materials have been examined.

To determine the influence of microscopic fungi on mink organism, we
randomly selected 18 dark brown, seven months old minks, undergoing a period of
growing and fur development (maturing), which did not show any visible clinical
symptoms of the disease. After parenteral euthanasia of animals we sampled their
internal organs with 1 ml of dithilin solution (Jepsen et al., 1981).

A general scheme of the experiment

We made mycological methods on Sabouraud media for mink feed components
chosen for mycological examination (n=32) and samples of ready-mixed feed (n=11) as
well as samples of mink parenchymatous organs (n=54) (Willard et al., 1994).

Prior to obtaining of mink internal organs, we carried out an postmortem
examination on animals applying Hunter and Lemieux (1996) method.

Samples (0,5 — 1 cm thick) of organs obtained from 18 minks (liver, kidney,
lungs) were placed into formalin solution (120 g per 1 liter of water) for histological
examinations, which we stored in room temperature.

Pieces of mink liver tissue, which have been stored in formalin, we placed into
paraffin. Blocks of tissue confined in paraffin were cut with microtome into 6 -7 um
thick pieces. The cuts from microtome we placed into water at the temperature 50 °C
and after that they were placed on a clean defatted glass slide. These preparations were
dried in thermostat at the temperature 56 °C for 20-60 minutes (Eurell, Frappier, 2006).
In general, 612 histological cuts prepared from liver of 18 minks were used for 16
different coloring methods for histological and immunohistochemical examination.

Mycological examinations

Series of samples and dilutions of mink feed components and ready-mixed feed
we carried out according to standard ISO 7954:1987 “Determination of a number of
yeasts and moulds in animal feed”. Preparation of dilution series covered the following
stages. We weighted 10 g of a sample to be examined and placed it into a retort,
containing a sterile salt-peptone (code CM0733, OXOID, England) solution (9.5 g of
dry media is dissolved in 1 1 of distilled water) (90 ml). After 15 minutes long extraction
in Shutel device, we took 1 ml from the prepared initial sample and placed it into
another salt-peptone solution (9 ml), thus obtaining dilution of the product 1:100 as well
as 1:1000.

For mycological examination we placed on Petri plates 1 ml of feed extract from
each dilution. After that we poured 15-20 ml of melted (and chilled until at least 45 °C)
Sabouraud media and stirred carefully.

We made mycological inoculates of mink parenchymatous organs as follows —
we burned on a flame a small surface of altered tissue and cut with sterile scissors from
their width pieces of tissue with which we made streaky inoculates on media or placed
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them on a surface of agar (4 -5 small pieces of tissue 0.5 cm x 0.5 cm in size) (LaRocco,
1992; Quinn et al., 1994).

All mycological inoculates on Petri plates were incubated in thermostat up to 4
weeks at the temperature 26 °C (Quinn et al., 1994; Ky3uenos , 2001). We microscopied
the grown colonies on a day 5 but slowly growing on - a day 9 and further as necessary.

Native preparations of moulds were prepared according to a generally accepted
methodology — 1 drop of a solution for preparation of native preparations is put on a
glass slide (spirit 96° - 20 ml; glycerin — 40 ml and distilled water — 40 ml), a small
amount of mycelia substratum is placed into it and covered with a cover-slip (LaRocco,
1992).

We assessed macroscopic traits for each identifiable culture — top and bottom
color of the colony, texture of the colony, growing speed (according to both the time
and diameter of the colony). Microscopic traits were based mainly on characteristics of
hypha septating and conidiogenic type of tissue (Capkucos u 1ip , 1953; Emmons et al.,
1970; Moore-Landecker, 1975; Frey et al., 1985; Kwon-Chung, Bennett, 1992; Bridson,
1993; Larone, 1995; Kupunenxo, 1997; Ulloa, Hanlin, 2000; Carton u ap., 2001).

Diagnostics of Aleutian disease of minks

We took small size blood samples (up to 5 ml) from mink, cutting off a claw of
their hind leg finger (amputation) (Jepsen et al., 1981).

In  diagnostics of  Aleutian  disease @ of minks we  used
immunoelectroosmophoresis reaction (IEOFR). According recommendations of Slugin
(Cnyrun, 1984) we poured 30 ml of 1 % hot agar solution on a clean defatted glass slide
(8 x 15 cm). After agar gel coagulated 204 cavities were made in it with a diameter of
2,8 mm, depth — 2,5 mm and actual volume about 0,01 ml with a perforator connected
to vacuum pump. The distance between centers of adjoining cavities horizontally were 6
mm. In immunoelectroosmophoresis reaction we used medinal-veronal buffer solution
with pH from 8.6 to 8.9. Buffer solution was prepared from 300 ml of distilled water
where 10.32 g of medinal was diluted and afterwards 1.84 g of veronal was added.
Buffer solution was poured into water bath at the temperature +40 °C until a full
dilution of veronal. After that distilled water was added to buffer solution until the
volume of this solution reached 1 liter.

A capillary part containing mink blood serum was broken off and by means of a
rubber pipe serum was fed into a respective cavity of agar gel. For a control reaction the
last cavities 10 and 12 of vertical row were filled with a respectively positive and
negative serum of mink blood. Antigen of Aleutian disease by means of Pasteur dropper
was entered into cavities of uneven rows (also in the control row).

The glass slide thus prepared was placed into electrophoresis cabinet so that
electric current flows parallel to horizontal rows of cavities. 4-5 streaks of filter paper
was attached to margins of the glass slide and their loose ends were inserted into the
bath sections filled with buffer solution. The electrophoresis chamber was covered with
a lid and connected to a rectifier of electric current so that “+” pole would be on a right
side of the glass slide. Current intensity was 10-15 mA, but voltage 220 V.

In case of a positive reaction a straight, thin and well expressed precipitation line
could be observed in horizontal rows in gel approximately in the middle of cavities
filled with mink blood serum and antigen.

Methods of histological research

In general 612 histological cuts prepared from liver of 18 minks were used for
coloring with a view to morphological examination by hematoxylin and eosin (H & E)
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(Aughey, Frye, 2001), by Hotchkiss-McManus periodic acid — Schiff (PAS) (Quinn et
a., 1994), Perls (Cook, 1994) and TUNEL reactions (Negoescu et al., 1998), biotin-
streptavidin immunohistochemical method (Hsu et al., 1981; Dmnmuaunu u ap., 2002), as
well as by immunohistochemical fluorescence method (Pilmane et al., 1998).

Staining of preparations with hematoxilin and eosin

After de-paraffining of preparations they were colored with hematoxylin for 7
minutes. After that preparations were rinsed with water for 10 minutes. Then followed
coloring with eosin for 2 minutes after which preparations were rinsed with water for a
short time. Coloring was followed by dehydration in spirit solution of increasing
concentration and in xylol. The colored preparations were coated with polystyrene and
covered with a cover-slip.

In the result of coloring basophilic parts of a cell were colored in blue violet
shades but acidophilic — from pink to dark red.

Hotchkiss-McManus periodic acid — Schiff (PAS) reaction

After de-paraffining of preparations they were subject to oxidation for 20
minutes with K>SOy, solution. After that they were thoroughly rinsed with distilled water
and then followed 15 minutes long coloring with Schiff reagent. After rinsing with
water we used hematoxylin for contact coloring (2 minutes, gain followed rinsing of
preparations with water (5 minutes) then dehydration in spirit solutions of increasing
concentration and in xylol as well as coating of the colored preparations with
polystyrene and covering with a cover-slip.

In the result of coloring fungi elements were colored in slightly red color.

Perls reaction

After de-paraffining of preparations they were colored for 30 minutes with a
mixture of 2% HCL + 2% Ku[Fe(CN)g] then followed rinsing with distilled water and
dehydration in spirit solutions of increasing concentration and in xylol. The colored
preparations were coated with polystyrene and covered with cover-slip.

In the result of coloring liver macrophage were colored in electric blue.

TUNEL reaction

In this case an apoptosis kit was used: In situ cell Death Detection, POD
Cat.no.1684817, Roche Diagnostics (Germany) according to the technique described by
Negoescu et al. (1998). De-paraffined pieces of tissue were kept at a room temperature
for 10 minutes in PBS (phosphate buffer) (pH 7,5) solution. After that blocking of
endogenous peroxidase activity was carried out for 30 minutes with 3 % hydrogen
peroxide then pieces of tissue were washed (3 x 5 min) in PBS solution. Cuts of tissue
pieces were placed into citrate buffer solution and put into microwave oven for 10
minutes to fix antigen. After that they were chilled at a room temperature. Afterwards
they were washed in PBS solution and placed for 10 minutes in 1 % BSA (oxen serum
albumen) for PBS. Tissue cuts were incubated with TUNNEL for 60 minutes in a tank
with temperature 37 °C and with a moistened air. After rinsing, PBS tissue cuts were
incubated for 30 minutes at 37 °C POD (Fab fragment bound by sheep antifluorescence
antibodies with horse radish peroxidase). After that cuts were covered for 7 minutes
with DAB (diaminobenzidine) for determination of peroxidase. The tissue cuts were
rinsed with distilled water, for contact coloring (20 seconds) hematoxylin and eosin
were used. The colored preparations were coated with polystyrene and covered with
cover-slip.
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Biotin — streptavidine immunohistochemical method

Upon applying biotin — streptavidine immunohistochemical method we
determined the presence in mink liver tissue of vascular endothelial growth factor
(VEGF, code M7273, 1:50, DakoCytomation, Denmark), nerve growth factor receptor
(NGFR, code M3507,, 1:150, DakoCytomation, Denmark) matrix metalloproteinasis
(MMP2 (code AF902) and MMP9 (code AF909) (1:100, R&D System, Germany),
fibroblast growth factor receptor (FGFR, code ab10646, 1:100, abcam, England),
transforming growth factor beta (TGF-B, code T1654, 1:1000, SigmaBioScience, USA),
fibronectin (Fn, code A0245, 1:100, rabbit Ig, Dako, Denmark), laminin (Lm, code
2233PLA, 1:25, EuroDiagnostics, Denmark), IV collagen (code 2233 PCO, 1:25,
EuroDiagnostics, Denmark) as well as hepatocyte growth factor (HGF, code AF294NA,
1:300, R&D System, Germany).

We carried out de-paraffination according to generally recognized scheme. After
rinsing of preparations (10 minutes) in PBS (phosphate buffer, pH 7.4) solution, we
immersed them in 4% buffer solution of hydrocholic acid natrium citrici and placed in a
microwave oven for 20 minutes. After rinsing of chilled preparations with PBS we
covered each cut with 150l of 3 % hydrogen peroxide (10 minutes). Preparations again
were rinsed with distilled water and PBS and then drops of primary antibodies were put
on preparations (for example, VEGF, etc.) — 30 ul per each cut (exposure time — 2
hours) as well as we covered preparations for 30 minutes with LSAB + LINK
(secondary antibodies bound with biotin) (code K 1015, DakoCytomation, Denmark),
for 25 minutes we covered preparations with LSAB + KIT (streptavidin that is bound
with enzyme peroxidaze) (code K0690, DakoCytomation, Denmark), and for 10
minutes — DAB (homogeneous system of substratum) (code K3468, Dako, Denmark).
After that preparations were colored for a short time in hematoxylin.

In case of a positive reaction desirable structures were colored brown.

Fluorescence immunohistochemical method

De-paraffination for this reaction we also carried out according to generally
recognized scheme. Treatment of preparations with PBS (phosphate buffer) together
with 0,25% TRITON X — 100 (2,5 ml per 1 1) for at least 1 hour, was followed by
incubation in refrigerator in water compartment for at least 18-24 hours of tissue
samples (with applied primary antibody Rabbit antihuman (for example, IV collagen,
etc.). After spreading on (exposure for 2 hours) of secondary antibody Rabbit Ig (code
F0205, Dako, Denmark), we covered preparations with PBS (phosphate buffer) +
glycerin (1:1) and covered them with cover-slip. The prepared cuts we stored in a
freezer.

Upon application of immunohistochemical fluorescence reaction we found in
mink liver tissues the presence of fibronectin (Fn, code A0245, A0245, 1:200, Dako,
Denmark), laminin (Lm, code 2233PLA, 1:25, Euro-Diagnostics, Denmark) and IV
collagen (code, 2233 PCO, 1:25, Euro-Diagnostics, Denmark), using the method
developed by Pilmane et al. (1998).

Statistical processing of data
For cell counting a quantitative method was used when we counted
inflammation cells in three randomly selected fields of vision around liver vein in 400 X
magnification but apoptotic hepatocytes — 3 different fields of vision (ABTaHmuIOB,
1990; Willard et al., 1994). For assessment of liver growth factor, degeneration tracers,
BM components and apoptosis dicharge we used a semi-quantitative counting method
for a relative quantity of positive structures (Pilmane et al., 1998).
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For the purpose of data processing statistical methods were applied for a
calculation of average value and standard deviation as well as Student t-test for
comparing of average values (Arhipova and Balina, 1999).

To prove the significance of differences for non-parametric methods, calculation
of a representation error of mean arithmetical is used with Student criterion (95 %) as
well as mono-factor dispersion.

To compare distribution of results obtained by means of immunohistochemical
methods, a relative frequency calculation model was used (Gosa, 2003).

RESULTS AND DISCUSSION

Factors influencing mink immune system

Microscopic fungi get into digestive tract of animals together with feed however
thanks to non-specific and specific protective factors of an organism they usually are
not able to cause the development of mycosis. A higher body temperature is amongst
non-specific physiological factors. A majority of warm-blooded animals has it about
39°C that is unfavorable for the development of microscopic fungi in an organism
(Ky3nenos, 2001). However immunodeficiency of the organism causes favorable
conditions for the development of mycosis in animal organism.

Aleutian disease

A major problem for fur farms is mink Aleutian disease, caused by an agent
(parvovirus), which is propagating in macrophages and by depressing supressors of T
lymphocytes, plasmatic cells (pasmocytosis) are developing (Trubka, 2001). Upon
applying imunoelectroosmophoresis reaction (IEOFR) we found out that 82 % of minks
are positive towards Aleutian disease, and all minks used in our research were carriers
of parvovirus thus indicating that animals have disorders of immune system (Cnyrus,
1984; Ryan, 1994; Brooks et al., 1995). Because of this situation it is impossible to form
a control group of minks free from parvovirus due to ethical and other considerations
important for national economy.

Assessment of mink feed

An important factor facilitating the development of mycosis is feeding of
animals with a balanced feed. At fur farms where we took feed samples for analysis
animal feed was prepared from both animal products (bovine and pig offal, blood,
protein concentrates, fish and fish by-products and eggs) and plant products (meal,
yeast, cabbage).

Comparing mink feed ration with the ration recommended by other authors
(ITepenpauk u ap., 1981; bepecros, 1985) for weaned young animals in the period of
July-November, we can conclude that energetic value of feed — 334 kkal corresponds to
that indicated in literature on a daily physiological requirement for a relevant mink
development period (230-470 kkal).

Digestible protein limit in calculations of mink ration is expressed as its amount
(g) per 100 kkal of energy. According to data shown in literature (Ilepensauk u mp.,
1981; bepectos, 1985) in autumn minks require 8.0-9.0 of digestible protein per 100
kkal of energy. In mink ration examined by us this amount constitutes 9.0 g of
digestible protein per 100 kkal of daily energy. So weaned mink cubs are fully provided
with the necessary digestible protein adequately to their physiological development
period.
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When analyzing fat content in feed ration per 100 kkal of energy, we can
conclude that the experimental minks received 4.8 g of fat per 100 kkal. Some authors
[Tepenpauk u ap., 1981; bepectos, 1985) recommend for weaned young minks in Baltic
and Scandinavian regions in the period of July-November to provide from 3.2 to 4.8 g
of fat per 100 kkal. Thus the experimental minks received a maximum amount of fat
recommended by authors. It is important that a high content of animal proteins and fat
in feed mixture can facilitate occurrence of diseases caused by relatively pathogenic
microorganisms (Ilepenbauk u ap., 1981).

Upon assessing the amount of carbohydrates, in feed ration they constituted only
60 % of a minimum physiologically necessary amount because mink cubs in the period
from July to November require 5-7 g of carbohydrates per 100 kkal of energy. The
calculation shows that as a result mink organism is inefficiently utilizing digestible
protein and fat also present in the feed Ilepenpauk u ap., 1981; bepecros, 1985). It is
found out that a long-term deficit of carbohydrates develops acidosis in minks, animals
lag behind in their development and quality of fur deteriorates (bepectos, 1985) as well
as due to acidosis environmental pH in digestive tract of animals is reduced (Manevics,
1983) that facilitates reduction of resistance.

We can conclude from the above mentioned that correction of animal feed ration
i1s needed by increasing a content of carbohydrates. Some authors (Ilepensauk u ap.,
1981; BepecroB, 1985) recommend cooked grain meal as the most rational source of
carbohydrates in mink feed.

Taking account of the abovementioned and acknowledging the fact that minks
included into research program have a strong immunodeficiency (Ciyrun, 1984; Ryan,
1994; Brooks et al., 1995), and based on proofs that “opportunist” fungi (that is part of a
normal microbial flora of an organism or environment) infects only the organism with
altered immune protection mechanism (Ryan, 1994; Rubin, Farber, 1999), it was
important to clarify a possible coherence between mycotic contamination in feed and
parenhimatous organs of minks, paying a major attention to morphological changes in
liver because a generalized process can develop in animals with immunodepression
(Young, 1970; Quinn et al., 1994; Hubalek et al., 1998; Guarro et al., 1999).

Distribution of microscopic fungi in mink feed

Microscopic fungi are eucaryotes and they are widely-spread in the environment
therefore our task was to clarify in this chapter the distribution of moulds in mink feed
and its components and a possible distribution of these fungi also in mink organs (lungs
and kidneys) but particularly - in liver.

Results of mycological examination of samples of ready-mixed mink feed and
its components (Figure 1) showed their contamination with microscopic fungi.

Distribution of all 23 mould genus and species found in feed and raw material is
also shown in Table 1. The results show a considerable contamination of ready —mixed
mink feed and raw materials with microscopic fungi. We found Aspergillus and
Penicillium genus in all raw materials of mink feed and in ready-mixed feed.

The most of (18 of 23) various mould genera and species have been found in
grain. 17  genera of moulds found in grain and grain products (meal, bran) are
described in literature as microscopic fungi widely-spread in the environment,
particularly in soil (EmenbsiHoB, 1990; Kwon-Chung, Bennet, 1992 Ky3nenos, 2001;
Carton u 1p., 2001). Most of all in grain and grain products simultaneously with
Penicillium and Aspergillus genera we found also representatives of Alternaria,
Cladosporium and Fusarium.
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Microscopic fungi in ready-mixed mink feed and raw materials

Table 1

Microscopic fungi

Protein
powder

Cereal
meal

Bran

Offal

Fish offal

Ready-

mixed feed

Acremoniella atra

Alternaria spp.

Aspergillus spp.

+|+

Aureobasidium pullulans

Candida spp.

+

Chaetomium spp.

+|+|+]|+|+|+]| Cereals

Cladosporium bantianum

Cladosporium herbarum

+

Cladosporium sphaerospermum

+

]|+

Coremiella cubispora

Crysonilia sitophila

Curvularia spp.

Fusarium spp.

+|+ |+

+ |+

Gliocladium spp.

Moniliella acetoabutans

Mortierella spp.

Mucor spp.

Penicillium spp.

+|+|+ |+

S A E R S R T

Sporothrix cyanescens

Stemphylium spp.

Trichophyton terrestre

||+

Zygosporium masonii

Wangiella spp.

S RS RS R

+
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Grain is considered as the highest risk product in relation to microbiological
contamination also by other authors, particularly pointing out Alternaria and
Cladosporium microscopic fungi as their spores are the most widely-spread in summer
(Capkucos u ap., 1953; Pritchard, Muir, 1987; Moss et al., 1989; Samson, 1989; Pereira
et al., 2000; ITozmees, 2001). In general results of mycological examination obtained in
Latvia on plant origin raw materials intended for preparation of mink feed confirms the
facts described in literature regarding distribution of microscopic fungi in the said group
of animal feed in many other countries (Moss et al., 1989; Knudtson, Kirkbrige, 1992
Kysnenos, 2001; Carron u ap., 2001). We found during the experiment an average
contamination with microscopic fungi (9 genus) in pig offal intended for feeding of
minks. A possible contamination of slaughter products with Aspergillus, Sporothrix,
Penicillium, Trichophyton and Candida microscopic fungi is also confirmed by
Kysznenon (2001). Although spores of microscopic fungi are able to develop within a
vast range of ambient temperature — from 0 °C to 35 °C, other researchers like us have
found Cladosporium in frozen meat products (Moss et al., 1989). There are no data in
literature about distribution in animal origin feed materials of fungi Wangiella,
Zygosporium masonii and Stemphylium genera, which we have found, still a possibility
exists that these moulds are agents of systemic mycosis (Quinn, 1994). Within the scope
of our research it was not possible to determine whether Sporotrix cyanescens
microscopic fungi have got into pig offal from pigs affected by mycosis or based on
data by authors (CnecuBneBa, 1964; ®eiiep u np., 1966; Kysnenos, 2001) who describe
a vast distribution of Sporotrix cyanescens in the environment, pig offal have been
contaminated after slaughter during processing, freezing, storing or transportation of
offal. However other researchers are reporting about isolation of representatives of
Sporotrichum genus from internal organs of animals (CniecuBuiea, 1964).

Latvian fur farms receive cut and frozen bovine and pig offal from suppliers
therefore our research could not give answer whether a source of microscopic fungi are
animals affected by mycosis or contamination occurred during cutting, freezing, storing
or transportation in unsatisfactory hygiene circumstances. However, contamination of
pig offal with microscopic fungi during treatment of feed or storage is scientifically
possible. (Ilepenpauk u ap., 1981).

In coastal regions the second significant source of animal proteins for feeding of
minks is fish. During the research we found only microscopic fungi of Aspergillus and
Penicillium genera in fish by-products included into ready-mixed of mink feed. There
are no data in literature on distribution of the said microscopic fungi in fish by-products
however researchers (Ilepenbmuk u ap, 1981) point out that contamination with
microscopic fungi is possible only in the result of unsatisfactory hygiene conditions of
premises and equipment (products coming in contact with contaminated surfaces).
Whereas in other research contamination of fish products with Wangiella microscopic
fungi (Moeller, 2006) was mentioned, which was not confirmed during our research.

Dry hemoglobin is prepared by using heat treatment however we found in
protein powder 4 genera of microscopic fungi, isolation of which is only partly
confirmed by research carried out by other authors. Aspergillus and Penicillium
(ITepenpuk u mp, 1981) as well as Trichophyton (Ky3ueros, 2001) genera have been
isolated from fur animal feed during its storage in a warehouse. Trichophyton terrestre
found during our research and, which is an agent of dermatomycosis in animals, shows
that this microscopic fungi is not inactivated during heat treatment of animal origin
proteins in the technological process of protein powder production. We consider that
mycological contamination of protein powder has occurred mainly due to inadequate
hygiene conditions during storage or transportation of the product. The presence of
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Mucor is indirectly pointing to this fact as this mould is one of the most relevant
contaminants of warehouses (Carton u np., 2001).

During the research we found in ready-mixed of feed 16 genera or 74 % of all
mould types isolated from feed or its raw material. Our examinations have been
confirmed only by some authors, mentioning that animals, including minks, get infected
with microscopic fungi alimentary, for example, with Mortierella (Carter, Wise, 2004)
and Trichophyton (Nicmane, 1982; Ky3nenos, 2001). A vast distribution of moulds can
also be explained by the environment favorable for them because at fur farms lactic acid
is added to ready-mixed feed with a view to restrict the development of microorganisms
but ensuring at the same time an ideal environment for the development of moulds. An
optimum pH for the development of moulds 1s 4.5 — 6.5 (Kwon-Chung, Bennett, 1992;
Wilm, 2007).

Upon analyzing mycological contamination in individual feed components it
must be concluded that of all microscopic fungi found in grain and grain products —
67%, as well as 75 % of those found in offal — we isolated mould genera also from
ready- mixed feed. So, fungi have not been inactivated during heat treatment of meal
mixes at the temperature 90 °C. A highest endurance showed Trichophyton mould,
because both protein powder in the process of its production and pig offal during
preparation of ready-mixed mink feed have been heat treated, nevertheless it has not
affected viability of this microscopic fungi. A high endurance of Trichophyton spores is
noted also by other researchers (Nicmane, 1982; Kysnenos, 2001). Some authors in
their research have also obtained a confirmation of a high endurance of microscopic
fungi in extreme conditions of temperature (Kwon-Chung, Bennet, 1992; Pasarell,
McGinnis, 1992; Kysuenon, 2001) however several moulds (Acremoniella atra,
Alternaria and Coremiella cubispora, Crysonilia sitophila, Gliocladium and
Zygosporium masonii) found during our research in grain and grain products have been
inactivated during heat treatment. In general, isolated microscopic fungi show a high
endurance against a high ambient temperature. Our observation is confirmed by
research carried out by other authors (Ky3uenos, 2001; [Toznees, 2001) who explain
that this endurance is ensured by peculiarities of microscopic fungi — multi-layer cell
wall containing polysaccharides particularly chitin and ability to produce spores.
Boiling destroys yeastlike forms of microscopic fungi in 10 - 15 minutes still we
consider that in order to fully inactivate microscopic fungi in animal feed it must be heat
treated at the temperature from 160 to 180 °C for at least 10 minutes because endurance
of microscopic fungi against heat treatment increases in feedstuffs even more because
mycelium is interweaving feed particularly grain, substratum (Ky3nemos, 2011).
Unfortunately such a heat treatment was not technically possible on fur farms covered
by our research.

Upon analyzing mycological contamination we observed that of all microscopic
fungi found in feed raw material 74 % were isolated also in ready-mixed mink feed.
When assessing contamination of raw materials (meal and pig offal) subject to heat
treatment, we found that of 18 representatives present in grain and grain products 13
representatives have (72 %) have got into ready-mixed feed but of 9 representatives
present in offal, 8 (89 %) representatives were found in ready-mixed feed. Our research
showed that raw material intended for mink feed and ready-mixed feed show a
considerable mycological contamination with microscopic fungi (23 genera and species
of microscopic fungi have been found, which points to the fact that they are able to
adapt to different environments. Other researchers have also made such conclusions,
asserting that adaptation of moulds depends on a feed substratum available to them
(Braude et al., 1982; Ky3nenos, 2001; Carter, Wise, 2004).
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Microscopic fungi in parenchymal organs of mink
Researchers (EmenbsinoB, 1990; Carter, Chengappa, 1993; Quinn et al., 1994;
Kysnenos, 2001; Carter, Wise, 2004) have proved that animals are infected mainly
alimentary. Manevich (Manevics, 1983) considers that the most sensitive animals
against molded feed are horses, pigs, birds and also fur animals. In order to clarify the
coherence between mycological contamination of feed and infection of an organism we
determined the distribution of microscopic fungi in parenchymatous organs of mink.
Mycological examination showed a vast contamination of mink organs
particularly liver with moulds (see Table 2).
Table 2
Microscopic fungi in ready-mixed mink feed and in organs

Ready-mixed

Microscopic fungi feed

Liver Lungs Kidney

Acremonium spp. - - +

Arthrographis kalrae

4|1
4+ |1

Aspergillus spp.

Aureobasidium pullulans

+
4+ 11

Candida spp.

A ESEES R
1

Chaetomium spp.

Cladosporium bantianum

Cladosporium herbarum

AR EAESES RN

Cladosporium sphaerospermum

Conidiobolus coronatus - - + -

_.l_
1
1
_.|_

Curvularia spp.

_.|_

Emmonsia spp.

Fonsecaea spp.

4+ 11

Fusarium spp.

Geotrichum candidum

Moniliella acetoabutans

Mortierella spp.

Mucor spp.

|+
1

Penicillium spp.

Scedosporium prolificans

|+ [+
1
1

Sporothrix cyanescens

Stemphylium spp.

Trichophyton terrestre

|+
1
1
1

+ - -

Wangiella spp.

When carrying out the research we isolated 11 representatives of moulds from
liver and 6 - each from lungs and kidney . The distribution of 17 fungi genera found in
mink organs is shown in the Figure 2.

Upon analyzing results of mycological examination of mink organs - we divided

microscopic fungi found in liver, kidney and lungs into two groups:

1) found in ready-mixed feed and organs — (Aspergillus spp., Aureobasidium
pullulans, Candida spp., Chaetomium spp., Cladosporium spp., Curvularia spp.,
Mucor spp., Penicillium spp., Sporothrix cyanescens, Wangiella spp.) and

2) found in mink organs but not isolated form ready-mixed feed, microscopic
fungi (Acremonium spp., Arthrographis kalrae, Conidiobolus coronatus,

43



Emmonsia spp., Fonsecaea pedrosoi, Geotrichum candidum, Scedosporium
prolificans).
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Fig. 2 Amount of microscopic fungi genus in mink organs

Microscopic fungi found in ready-mixed feed and parenchymatous organs of mink

In the result of research of 10 mould genera we found in ready-mixed feed and
also in all internal organs of mink (such as liver, lungs and kidney) only representatives
of Aspergillus and Candida, which are mentioned in literature as the most frequent
agents of disseminated infections (Catton u np., 2001). This finding characterizes a
high endurance of these genera and ability to adapt to the environment. It is proved that
Aspergillus spp. grows well at the temperature above 55 °C (Tansey, Brock, 1978).

The result of our research - Aspergillus spp. in all examined internal organs of
mink — the distribution feasibility is also confirmed by some researchers who have
found out in their research the contamination with Aspergillus of animal liver, lungs and
kidney after alimentary or aerogenic infection (Nicmane, 1982; Myrvik, Weiser, 1988;
Carter, Chengappa, 1993; Quinn et al., 1994; Ky3nenos, 2001; Carter, Wise, 2004). Still
there is not a sufficient data in literature on the distribution of Aspergillus genus exactly
in mink organs. Although lungs are more often a gate for development of aspergilosis
still the development of this mycosis is also possible in alimentary way (Young, 1970)
because infection of Aspergillus genus can start also in mucosa of gastrointestinal tract
causing haemorrhage or perforation as well as changes can occur also in kidneys and
liver and other organs (Young, 1970; Kwon-Chung, Bennett, 1992). To our mind a vast
distribution of a mould of this genus in mink organs is ensured by its ability to produce
ferment (Kwon-Chung, Bennett, 1992). Positive results of mycological examination of
mink feed regarding Aspergillus genus and at the same time no pathological changes
being observed in mink lungs, which could be caused by the aforementioned mould in
case of aerogenic infection, in general points to the fact that infection has occurred in
alimentary way and the source of infection is a contaminated feed.

Contamination with fungi of Candida genus of mink liver, lungs and kidney
found in our research correlates with the data obtained by some researchers regarding
affected organs in animal organism after infection with the said microscopic fungi
(CnecuBreBa, 1964; Braude, 1982; Carter, Chengappa, 1993), however there are no data
in literature on the distribution of Candida spp. in mink organs. According to other
researchers the digestive duct and grains have also been the main sources for isolation
of this mould from animals (Kwon-Chung, Bennett, 1992). Nevertheless that Candida
spp. 1s a part of a normal intestine flora in animals, in cases of a deep candidosis first of
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all oesophagus and then stomach are mentioned as the basic gates of infection (Eras et
al., 1972). Enteritis found in postmortem examination of experimental minks coincides
with the research carried out by other authors (CnecupneBa, 1964; Braude et al., 1982)
on an intensive propagation of Candida microscopic fungi in mucosa of digestive tract
in immunodepressive animals and the following development of an inflammation.
Isolation of Candida spp. simultaneously from mink liver, lungs and kidney allows a
conclusion that in minks the agent has caused a generalized disease that is confirmed by
the work of researchers on a generalized mycosis caused by Candida in carnivorous
animals (Macsween et al., 1979; Quinn et al., 1994).

Penicillium genus was a slightly less distributed, namely, only in liver and lungs.
Our results are confirmed by authors who have found the agent in animals as a
saprophyte in mucosa and lungs (Ky3nenos, 2001) as well as they have isolated it in
liver of dogs sick with penicilmycosis (Zanata et al., 2006). Taking into account the
results of mycological examination of mink feed where contamination with microscopic
fungi of Penicillium has been found in all tested samples and data on infection of
animals with the agent in alimentary way (EmenbsnoB, 1990) we concluded that the
source of Penicillium could be a contaminated mink feed.

A possible contamination mink lungs with microscopic fungi Mucor, which we
found during our research is confirmed by data of some authors (CnecuBueBa, 1964;
EmenbsnoB, 1990; Kysnenos, 2001) on a possible alimentary or aerogenic infection
gate. Our conclusion is confirmed by Spesivceva (1964), by indicating that Mucor
representatives can stay in respiratory organs of animals as saprophytes without causing
the development of mycosis or a disease can be in a latent form.

At the same time in ready-mixed feed and kidneys we found only 2
representatives — Cladosporium bantianum and Curvularia. Although scientists
consider Curvularia as a widely-spread phytopathogene still they also confirm that it
can cause a disseminated infection (Guarro et al., 1999; Carron u ap., 2001)
investigating diseases caused by this agent in horses, bovines, dogs and cats (Carter,
Chengappa, 1993). It is possible that absence of pathologies indicated by authors in
minks is connected with singularities of these species or intensity of the immune
system.

In liver we found the highest contamination with moulds within this group.
Apart from previously described Aspergillus, Penicillium and Candida genera — we
isolated other 5 representatives (Aureobasidium pullulans, Chaetomium spp.,
Cladosporium sphaerospermum, Sporothrix cyanescens and Wangiella spp.). Literature
provides a limited data on pathogenity of Aureobasidium pullulans but there are
observations on mycotic dermatitis (Pritchard, Muir, 1987). Microscopic fungi
Chaetomium also 1s able to cause skin mycosis and allergic reactions (deitep u np.,
1968) but there is a possibility similar to our conclusion that it can also be a reason for
systemic mycosis (Carton u ap., 2001).

Also Sporothrix cyanescens that is one of the representatives of microscopic
fungi Sporotrichum is a saprophyte that is widely-spread in the environment but data of
other authors prove that yeastlike forms of this genus can be isolated from animal
organs (CnecuBueBa, 1964; ®etiep u ap., 1966; Kysunenos, 2001) because they get into
an organism via wounded skin and mucosa (CniecuBuesa, 1964).

The research proves that Wangiella spp. can also be an agent of systemic
mycosis that correlates with thenassessment made by other researchers however the
most often literature refers to subcutaneous mycosis caused by this mould to cats, dogs,
horses, bovines, goats and other animals (Quinn et al., 1994.).
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There is no data available in literature that would confirm findings of our
research, namely, isolation of microscopic fungi genus from internal organs of mink,
however researchers have isolated Aspergillus, Penicillium, Candida, Sporothrix,
Mucor and Geotrichum from bovine and pig internal organs (Kwon-Chung, Bennet,
1992; 2001).

Microscopic fungi found in parenchymal organs but not isolated from ready-mixed
feed. We isolated from kidneys only 2 representatives — Acremonium and Geotrichum
candidum. 1t is possible that Acremonium mould persists in urogenital duct of minks
without causing a disease. Other researchers also provide such a confirmation because it
is able to cause a disease in humans in spite of the fact that it is mentioned as a widely-
spread contaminant (Cartox u ap., 2001).

The other representative isolated from kidney - Geotrichum candidum — is
causing a rare disease (geotrichosis) (Carter, Chengappa, 1993) albeit its saprophyte is
widely-spread in soil (Myrvik, Weiser, 1988). During our research the finding of these
microscopic fungi only in kidneys is confirmed also by other authors, asserting that
although the infection is systemic usually only one organ is affected (Carter,
Chengappa, 1993).

In lungs we found 2 representatives — Conidiobolus coronatus and Fonsecaea
pedrosoi, which we did not isolate from ready-mixed feed of minks that proves their
possible getting into an organism in aerogenic way. Our results are confirmed by Carter
and Wise (2004) as communication of a disease can be aerogenic with dust, which is
polluted by spores of microscopic fungi. The aforementioned fungi are characterized by
researchers as widely-spread in soil (Carton u ap., 2001).

Our results on lung tissues affected by Conidiobolus coronatus are also
confirmed by other authors (Kwon-Chung, Bennet, 1992) who declare that they have
isolated this microscopic fungi from respiratory system of dogs and horses where the
agent has caused infection in nasal mucosa.

Moulds found in liver such as Arthrographis kalrae, Emmonsia, Scedosporium
prolificans — are widely-spread in the environment (Degavre et al. 1997; Hubalek et al.,
1998; Ponton et al., 2000; Ky3uemnos, 2001).

During our research we isolated Arthrographis kalrae from mink liver, it is
possible that pathogenicity is also based on an ability to grow at a higher temperature.
Researchers have also proved that the agent is able to grow at the temperature 37 °C and
45 °C (Carton u ap., 2001).

We found in mink liver also Emmonsia spp. Similar observations are reported by
Hubalek with co-authors (1998) indicating that the distribution of the said fungi is
promoted by small rodents being carriers of these microscopic fungi. It is possible that
Emmonsia gets into mink organism from rodent contaminated bedding. Still a
possibility of the isolated representative to persist in mink organism is confirmed by
Hubalek with co-authors (1998) as dismorphism of this fungi has been observed.

Similar to the abovementioned also a possibility of Scedosporium prolificans to
persist in mink liver is confirmed by its ability to grow at 45 °C (Catton u ap., 2001).

Microscopic fungi found in ready-mixed mink feed but not isolated from parenchymal
organs.

Analyzing mycological examination results shown in Table 2, we found out that
there are moulds, which we isolated from ready-mixed mink feed but not from
parenchymal organs. Such group constitutes 6 representatives — Cladosporium
herbarium, Fusarium spp., Moniliella spp., Mortierella spp., Stemphylium spp. and
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Trichophyton terrestre. These representatives are described in literature as being
widely-spread in soil, on plants and in the air (Catton u np., 2001). Trichophyton when
taken in perorally usually gets into skin from blood circulation (Trubka, 2000) therefore
a failure to isolate the agent from mink organs can be explained by a typical
pathogenicity of the agent. To our mind the rest of representatives of this group was
prevented from getting into animal organism due to underdeveloped neutrophenia,
which proves that there is not an excessive consumption of neutrophils (Jemeljanovs L,
et al., 2007). Researchers have found Fusarium as an emerging pathogen only in
patients who have a reduced number of neutrophilic leucocytes (Perfect, Schell, 1996).
Our assumption is also confirmed by a statistical analysis as the agent (presence of
microscopic fungi) did not influence a considerable growth or reduction of these cells.

Amongst all types of microscopic fungi found in the result of research 30 %
constitutes the group of Dematiaceous fungi (Alternaria spp., Aureobasidium pullulans,
Chaetomium spp., Cladosporium spp., Curvularia spp., Fonsecacea spp., Scedosporium
spp., Stemphylium spp., Zygosporium spp., Wangiella spp.) (Hogan et al., 1996; Ulloa,
Hanlin, 2000; Kwon-Chung, Bennett, 1992). A common trait of these microscopic fungi
is a presence of melanin in cell wall. Researchers (JKnanosa, Bacunesckas, 1990) have
proved that the presence of melanin pigment considerably influences endurance of these
cells against ambient humidity, impact of temperature and solar radiation as well as
ensures the viability in the environment with insufficient amount of nutrients.
Furthermore darkly pigmented microscopic fungi, containing melanin have a higher
resistance against protective factors of immunity that is one of the reasons why in the
result of our research 42 % of all fungi isolated from parenchymatous organs of mink
constitutes exactly Dematiaceous microscopic fungi.

In general we can conclude that a major part of isolated moulds was distributed
in the environment. As minks were carriers of Aleutian disease virus then it was a
significant factor facilitating entry of opportunists into parenchymatous organs.

Morphofunctional changes of the liver

Taking into account a wide-distribution of microscopic fungi in the
environment, from diagnostic point of view and following indications by authors
(Detiep u ap., 1968; XKapos u np., 2003) for a more accurate conformation of the
mycosis diagnose we applied H/E method to tissues of mink organs (liver, lungs and
kidney). It is generally accepted that portal vein (v. porta) collects blood from
alimentary canal, spleen, gall bladder and pancreas by means of v.mesenterica superior,
v.mesenterica inferior, v.lienalis, v.cystica, v.gastrica sinistra, v.gastrica dextra un
v.pregastrica (Jubb et al, 1993) , hence there is a possibility for perorally ingested
microscopic fungi to get further into the liver. Therefore in our further research we
wished to clarify only morphofuncional condition of liver by applying several
immunohistochemical methods.

Microscopic fungi in liver

Microscopic fungi from digestive tract, moving through specific and non-
specific protective mechanisms can get into circulation of blood. Taking into account
that we isolated relatively many genera of moulds from the liver and still postmortem
examination picture was a variable one, results of our research correlate with opinion of
several scientists that microscopic fungi can persist in internal organs of animals
without developing typically clinical and postmortem processes (Myrvik, Weser, 1988;
Carter, Wise, 2004).
Morphologically, in samples of 11 mink liver, which have been obtained from the liver
with a dystrophic postmortem picture, we found out that in lumen of liver veins and
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hepatocytes there are round inclusions, which resemble germs of dimorphic fungi.
Although Lennette with co-authors (Lennette et al., 1974) indicates that these inclusions
can be easily colored with hematoxilin however H/E method is not sufficiently selective
and therefore we applied PAS method by means of which we found round yeast-like
forms of fungi and hypha in fixed liver tissue. We found hypha in mink liver among
hepatocytes in all areas of liver acinus however yeastlike forms of fungi were mainly in
interlobular bile ducts and only few of them among hepatocytes in periportal area close
to the triad and around the central vein.

Finding of microscopic fungi in a perivenular area can be explained by
peculiarities of venous blood flow in liver as the portal vein, which is splitting anew
into venous capillaries, which are further merging together forming liver veins
(Daugerts et al., 1978) in such a way toxicants from stomach and intestine can get also
into this area but finding of fungi in periportal area we can explain by the data (Scherr,
Weaver, 1953) that in order to survive yeast-like forms require a necessary oxygen
intake that is 5 - 6 times higher than for mycelia forms of a respective species.

The finding of microscopic fungi in bile duct coincides with the confirmation by
some scientists (Jubb et al, 1993) that microscopic infections often invade bile ducts and
at the same time agents cannot be found neither in blood nor tissues of organs.

Although applying microscopic examination methods we found very many
mould genera however in mink liver tissues we saw few yeastlike forms of microscopic
fungi and a little bit more of hypha however some authors (®etiep u np., 1968) indicate
that any staining method of histological preparations does not ensure an even and
specific coloring of all the microscopic fungi present in tissues.

Although effector cells (neutrophils and macrophages) destroy mycosis agents
quite easily, still microscopic fungi, which have entered into an organism, are able to
hinder intracellular destruction of phagocytes. The presence of yeast-like forms in the
fixed liver tissues points to dissemination of the process and a possible diagnosing of
mycosis. Our observation is confirmed by researchers that opportunistic mycosis causes
a disease only in an organism with a mitigated immunity and besides in case of a strong
immunodeficiency a mixed mycosis can be observed, which was caused by several
species of microscopic fungi (®eiiep u ap., 1968; Rubin, Farber, 1999).

For a saprophytic colonization and a further dissemination in tissues of an
organism fungi must cross mucosa of intestine (McGee et al., 1992). Postmortem
examination of minks used in our research we observed inflammation of intestine
mucosa in 67 % of cases (12 animals out of 18) that could considerably facilitate
adhesion of agents to intestine mucosa. The other significant factor that could facilitate
entering of fungi into blood stream — mechanical injury in mucosa of oral cavity,
esophagus or intestine mucosa due to a presence of sharp bones in ready-mixed mink
feeds. Similar conclusion is made by other researchers that mycotic invasion of walls of
gastrointestinal duct is a widely-spread consequence for many diseases, and the injury
affecting mucosa can be a serious reason for a systemic infection (Jubb et al., 1993;
Ponton et al., 2000; Ky3ueros, 2001; Xi et al., 2004). To our mind, injuries in mucosa
of oral cavity, esophagus or intestine is one of the most essential problems on fur farms
as they can be easily caused by sharp bones in ready-mixed mink feeds. The more so, a
physiological peculiarity of oral cavity of minks should also be taken into consideration,
namely, poorly developed molars in the result of which animals swallow feed
practically without chewing (bepectos, 1985).

Infiltration of inflammation cells

Microscopic fungi after getting into an organism come into contact with
phagocytes and inflammation factors (Ky3ueros, 2001). Inflammation is a complicated
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reaction, which gradually involves different types of cells. A strongly marked tissue
infiltration with macrophages, neutrophilic leucocytes and lymphocytes was found in
mink histological samples around the central vein of liver, which shows that there is a
pathological process going on in mink liver.

Upon comparing distribution of inflammation cells, lymphocytes showed the
largest distribution. There is an essential difference among cell count. In all histological
samples of mink liver examined by us, macrophages constituted 328 cells (18.4 %),
neutrophil leukocytes - 479 (26.9 %), but lymphocytes - 977 (54.7 %) of the total cell
count (ie, 54.7 %). In healthy tissues there is hardly any neutrophil leukocytes they are
in blood stream therefore our assumption about phagocytosis process of inflammation
products is confirmed also by Keller (1991) and McGee et al., (1992). The presence of
neutrophil leukocytes in tissues is a proof of an acute inflammation process (McGee et
al., 1992). Jubb with colleagues also emphasizes that activity of neutrophils is
significant for the development of mycosis (Jubb et al., 1993). Although in our research
a number of neutrophil leukocytes was less by 27.8 % as lymphocytes still are a
significant index of functional condition of mink liver. Klatskin and Conn (1993)
confirm that a neutrophil infiltration of hepatocytes is observed in case of hepatitis and
this is a proof of a parenchymal infection, and its placement around the triad is
abnormal phenomena.

In liver samples we basically observed that the lobule architecture has been
maintained but inflammation infiltrate, being rich in lymphocytes, is extending from a
portal duct towards an adjoining parenchyma that is a proof of the pathological
processes. As usually only few lymphocytes can be found around the triad (Klatskin,
Conn, 1993) then authors (Macsween et al., 1979) characterize such a picture as a
chronic and active hepatitis not inclined to liver necrosis however in some samples
inflammation infiltration was still visible in all sections of parenchyma without covering
only portal or periportal section. Authors (Macsween et al., 1979) characterize such a
picture as a chronic and active hepatitis inclined to liver necrosis. In histological liver
samples of our experimental minks we seldom found infiltrates of lymphocytes also
around the central vein. Infiltration of lymphocytes is a proof of an inflammation source
and characterizes a reaction triggered by infection of mycological nature (Willard et al.,
1994).

Although Kupffer cells are most often found in the first section of acinus
(Young, Heath, 2000; Ross et al., 2003; Young et al., 2006) still we found this cell
infiltration in liver samples not only around portal ducts but also around the central
vein. This coincides with the section where we found yeastlike forms of microscopic
fungi. Infiltration of Kupffer cells develops on a later inflammation stages and
characterizes intensity of immunity. Furthermore, in case of a chronic inflammation
macrophages become active in the inflamed tissues (Keller, 1991) and via T cells
activated macrophages get involved in mycosis reduction (Jubb et al., 1993). Other
authors as well (McGee et al., 1992) indicate that a placement of Kupffer cells similar to
that found by us in general can be a characteristic liver reaction to infection caused by
microscopic fungi in an organism.

Fibroblast growth factor receptor (FGFR)

Upon assessing a classification of inflammation cells described in the chapter
above, still open remains a question on a course of inflammation process where one of a
characteristic features is FGFR activity. In the result of a chronic inflammation some
changes take place in FGF (fibroblast growth factor) production or release, so there are
changes also in a quantity of FGFR expression and/or activity (Thomson, Lotze, 2003).
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Upon carrying out FGFR examination in liver of experimental minks, we found
them in lymphocytes or macrophages thus our finding coincides with the data on the
fact that a high and low activity FGF receptors are placed in cells and a complex
FGF/FGFR is placed in the nucleus of a cell (Thomson, Lotze, 2003). As FGFR is
involved in ECM degradation control, FGFR expression level directly proportionally
influences cell proliferation and migration therefore our research results are indicative
of a proliferative process of inflammation cells, the more so, of a chronic course of the
process. Although FGFR expression is observed basically in periportal part, still it
characterizes a chronic and acute nature of the inflammation and this confirms an
inflammation caused by mycosis because if the infection have been caused by
facultative intracellular microorganisms, it could happen that the organism is not able to
fully eliminate an antigen, pathogen microorganisms persist in macrophages and cause a
chronic inflammation (Keller, 1991).

Vascular endothelial growth factor (VEGF)

Vascular endothelial growth factor (VEGF), which is also known as vascular
permeability factor — is one of the strongest endothelial penetrability factors (Essser et
al., 1998; Rajkumar, 2001; Nolan et al., 2004).

During the research we found the increment of VEGF activity basically in portal
hepatocytes. Consequently, the factor has incremented its activity in liver sections,
which are richly provided with oxygen. We concluded that VEGF facilitates
proliferation of sinusoidal endothelial cells and hepatocytes. This finding coincides with
other research (Taniguchi et al.,2001; Shimizu et al., 2005) although there are also
contrary data (Shimizu et al., 2005; Hironobu et al., 2006; Osada et al., 2006;
Tsuchihashi et al., 2006), that hypoxia is stimulating VEGF expression. Findings of
VEFG in the periportal area could be also explained by the fact that we found also
Kupffer cells in this area, which are able to significantly trigger synthesis of the said
protein (Taniguchi et al., 2001).

VEGF has been found also in liver blood vessels. It is important that in the result
of factor activity the decomposition of blood vessels occurs, permeability of blood
vessels increases and the inflammation process develops (Essser et al., 1998; Taniguchi
etal., 2001).

Regardless of the fact that VEFG is produced by several types of cells, including
macrophages, thrombocytes, leukocytes, polymorphonuclear neutrophils (Thompson,
Lotze, 2003; Coenjaerts et al., 2004), within our research no positive coherence has
been confirmed between inflammation cells and VEGF expression intensity. This
proves that there is in mink organism a factor with a VEGF blocking effect. It turns out
that a virus of Parvoviridae genus (consequently Aleutian virus also) has a
oncosuppressive effect and blocks VEGF activity (Blechacz, Russel, 2004).

We observed the coherence in mink liver — if there are only some apoptotic
hepatocytes then VEFG distribution is a considerable one. This shows that in the result
of VEFG increment a response of the said organ to the damage is facilitated and it is
connected with maintenance of sinusoidal homeostasis during liver dystrophy. In
general, the increment of VEGF activity in periportal hepatocytes in animals with the
commenced apoptosis points to a possible antiapoptotic role of this growth factor that
concurs with other authors (Ueda et al., 2006).

Nerve growth factor receptor p75 (NGFR)

Kupffer cells have relevant significance in protection of an organism (Laskin,
1990), but these cells being activated and components, which are released by infiltrative
neutrophils, also damaged cells, for example, peroxides of apoptotic cells, metabolites
as well as free radicals (H,O, or NO) and metabolites of microscopic fungi, which result
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in activation of liver macrophages, in general they are of a core importance for
activation of liver HSC that can cause liver fibrosis and apoptosis of hepatocytes
(Laskin, 1990; Mather, 1999; Tsukamoto, 1999; Wu et al., 1999; Oakley et al., 2003;
Friedman, 2005). During fibrous damages hepatocytes are expressing NGF (or
neurotropine) (Oakley et al., 2003), but effectiveness of NGF activity is also increased
by NGFR p75 from activated liver HSC (Rubin, Farber, 1999; Wu, Zern, 2000; Trim et
al., 2000; Passino et al., 2007).

The research results demonstrated an average hepatic stellate cell count that
correlated with apoptosis of activated hepatocytes. Observations testifies a response of
liver to the damage. Researchers have also found that a major trait of a regeneration
process is apoptosis of activated HSC (Issa et al., 2001). We concluded (similar to
Oakley et al., 2003) that the nerve growth factor receptor (NGFR p75) is discharging
from hepatocytes during liver damage and it is connected with apoptosis of HSC,
however NGFR expression is not vital during liver apoptosis, which possibly is HSC
adaptive and compensatory response not only to apoptosis itself but also to
inflammation and/or dystrophy that is testified by NGFR expression more around bile
ducts and in periportal area.

Hepatocyte growth factor (HGF)

Researchers have found that HGF is not present in healthy hepatocytes
(Defrances et al., 1992; Miyazava et al., 1996; Ishikawa et al., 2001) as it is in an
inactive form however in case of liver irritation or damage it transforms into an active
form (Ljubimova et al., 1997; Hiroshi, Toshikazu, 2003; Watanabe et al., 2003). We
observe HGF expression in all the mink liver samples. Discharging of HGF was
basically observed in hepatocytes evenly or focally around bile ducts and portal ducts.
We found a weak presence of the aforementioned factor also in endoteliocytes of blood
vessels (interlobular vein), i.e., non-parenchymal cells. The HGF expression observed in
our research basically in hepatocytes is also confirmed by results obtained by other
authors (Rajkumar, 2001; Thompson, Lotze, 2003). Besides a dispersion of the growth
factor more around bile ducts and portal ducts coincides with areas where inflammation
cells and the presence of yeastlike form of fungi were found more often. This
observation testifies that HGF acts as the factor, which improves liver regeneration
during damage of the organ that is confirmed by other research (Sakaguchi et al., 1994;
Ljubimova et al., 1997; Ishikawa et al, 2001; Watanabe et al., 2003; Hironobu et al.,
2006). This can be explained by the HGF ability to stimulate the proliferation of not
only parenchymatous liver cells but also of biliary epithelial cells (Joplin et al.,1992).

An increased apoptosis of cells indicate to the damage of an organ. We observed
in mink liver samples the coherence between apoptosis of hepatocytes and HGF,
namely, in liver with an average count of apoptotic hepatocytes the expression of the
aforementioned growth factor was essential whereas in liver with a high apoptosis —
HGF expression was low. This coherence that we observed could be explained by a
molecule Bag-1, t.i. a possible domain for HGF signalization as binding of HGF with c-
Met receptor causes activation of tyrosine kynesis and phosphorylation of this tyrosine
is supplemented by intracellular signal molecules. It is proven that Bag-1 is directly
responsible for anti-apoptotic activity of hepatocyte growth factor (Funakoshi,
Nakamura, 2003).

Basement membranes of liver structures

A major function of matrix metalloproteinases is degradation of components of
extracellular matrixes (ECM) (Sasaki, Tahara, 1995; Arthur, 1997, Friedman, 1999;
Alexandrova, Nikolova, 2002; Hanumegowda et al., 2003) however a collagen of type
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IV and laminine are also present in the basement membrane (McGee et al., 1992; Eurell,
Frappier, 2006), including blood vessels.

In the research we found fragments of laminine, a type IV collagene and
fibronectine in mink liver (individual fragments in walls of blood vessels), faintly
expressed and basically only in capillary blood vessels. In bile ducts and large blood
vessels we did not find them. This indicates to an increasing permeability of the basal
membrane and a reduced preventive barrier of blood vessels. Thus it ensures reduced
immune protective conditions (Knumio u ap., 2005; Brown et al., 2006).

Components of the basement membrane in liver of experimental minks were
practically absent in the case of marked expression of matrix metalloproteinases that
testifies about a significant inflammation process. This is confirmed by the research that
inflammation cells particularly macrophages are able to an active synthesis, increment
and discharging of MMP-2 and MMP-9 of a type IV collagenasis (Birkedal-Hansen,
1993; Hanumegowda et al., 2003), which lyse the components of the basement
membrane, a type IV collagen and laminin as well as proteoglycans, gelatins, elastyn
and fibronectine (Twinning, 1994). A possible influence of metalloproteinases on the
components of the basement membrane is shown in the fact that positive structures
MMP-9 in experimental mink liver often were placed close to blood vessels.

Virus of Aleutian disease is also a significant reason for the damage of blood
vessel walls. Patogenesis of this virus is based on its ability to form complexes in blood
(virus-antibody-complement), which attach themselves to walls of blood vessels,
forming clusters and causing arteritis as well as a disappearance of the basement
membrane (Porter et al.,1973; Trubka, 2001).

It must be concluded from the abovementioned that we have found in mink liver
very significant factors facilitating development of mycosis.

Matrix metalloproteinases (MMP)

Matrix metalloproteinases (MMP) (MMP-2 and MMP-9) are endopeptidases,
activity of which is regulated by inflammation and immunologic processes (Borregaard
et al., 1995;Goetzel et al., 1996; Arthur, 2000; Sheu et al., 2001; Hanumegowda et al.,
2003; Friedman, 2003; Visse, Nagase, 2003). Besides a higher activity of colagenasis
has been notified in acute cases or on early stages of a chronic liver damages (Arthur,
2000; Opdenakker et al., 2001). The main function of matrixines (MMP) is degradation
of extracellular matrix (ECM) (Arthur, 1997, Massova et al., 1998; Freidman, 1999;
Alexandrova, Nikolova, 202; Hanumegowda et al., 2003). A complicated ECM is
contained in Dishe space — a type IV collagen, laminin, proteoglycans and fibronectin
(Ingber, 1991; Twining, 1994; Arthur, 1998; Hahn et al., 1980). As a result of ECM
degradation the exchange of gases and substances between blood and hepacytes is
considerably mitigated (Klatskin, Conn, 1993; Young et al., 2006).

In experimental minks we found structures discharging MMP-2 (gelatinase A)
evenly distributed in liver lobules and a quite high infiltration of inflammation cells
could be observed in parenchyma. Still we did not manage to observe correlation of
MMP-2 with any groups of inflammation intensity. This could be explained by the fact
that although neutrophilic leucocytes is a significant source of reacting oxygen species
(ROS, t.i. extremely reactive O, metabolites — peroxide radical O, hydrogen peroxide
H,O, and hydroxyl radical HO (Thannickal, Fanburg, 2000), which by means of a
peroxide form is stimulating synthesis of HSC collagen, still an activated neutrohil
produces also oxygen monoxide, which in contrary can reduce an initial discharging of
peroxide in cells blocking MMP-2 secretion and reducing formation of fibrosis in liver
(Asai, 2006). There is an opinion that MMP-2 intensity is increasing gradually by the
development of liver fibrosis. Besides leucocytes during liver inflammation can develop
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a strong combination with Kupffer cells, which alters activity of stellate cells (Asai,
2006) thus reducing MMP-2 expression. This means that a higher MMP activity is
developing in case of acute damages by releasing the previously accumulated MMP
from endothelial cells or from aflux and activation of inflammation cells (Benyon,
Arthur, 2001). Arthur (1998) has also made a similar observation, stating that there is a
little of gelatinase A in a healthy liver but it dramatically increases in case of liver
diseases however he made a conclusion that as fibrosis is progressing, MMP-2 activity
either do not exist or it is very small.

MMP-2 was discharged by macrophages and a little bit by fibroblasts although
researchers have observed that MMP-2 is produced also by other inflammation cells, for
example, sinusoidal endothelial cells, activated HSC and malignant cells (Birkedal —
Hansen, 1992; Hanumegowda et al., 2003; Friedman, 2005).

Upon MMP-2 expression in mink liver, we observed a higher activity of
gelatinase B in subgroup 2, t.i. with an average number of structures discharging MMP-
and an averagely expressed inflammation. We found MMP-9 in Kupffer cells and a
little bit also in inflammation cells in blood vessels. This could be explained the activity
of Kupffer cells of which infiltration is developing on later inflammation stages and in
case of a chronic inflammation they get activated in the inflamed cells (Kellers, 1992).
Upon discharging of MMP-9, liver HSC additionally facilitates the activity of Kupffer
cells (Opdenakker et al., 2001; Friedman, 2003) with a following ECM degradation and
a further development of invasive process (Kanbe et al., 1999; ConoBseBa u ap., 2001).
Other authors also (Cursio et al., 2002) make a conclusion that gelatinase B is a
common phenomena for inflammation cells and they are especially expressed by
Kupffer cells, which play a major role in liver damage. At the same time when
analyzing a structural breakdown of inflammation cells in mink liver it is clear that
there were only 18.4 % of macrophages. So, there is some other factor that might
facilitate discharging of MMP-9. For example, it could be also protease, elastase, which
is one of the most effective pathophysiological activators of MMP-9 (Ferry et al., 1997).

Besides, positive structures of MMP-9 often were clustering close to blood
vessels, which coincides with other researches, as activated collagenases are localizing
near the basement membrane and affects it colagenolytically (Hanumegowda et al.,
2003).

We statistically obtained a confirmation that oscillation of inflammation cell
count are correlating with cells containing MMP-9 besides a difference is a considerable
one. Consequently, a concentration level of gelatinases B (MMP-9) in tissues correlates
directly with an inflammation process, which coincides with conclusions made by other
researchers (Pirild, 2003; Reif et al., 2005).

Apoptosis of hepatocytes

Apoptosis is genetically determined, internal cell destruction — self-annihilation
mechanism, which is influenced by different conditions (Rubin, Farber, 1999). A reason
for destruction of hepatocytes can be the activity of microorganisms (Klatskin, Conn,
1993). Hanzen and Glee (1995) explain that transformation of mycelia elements or
conidia into mono-cell form and distribution in tissues of an organism leads to the
destruction of vital tissues. Although authors (®efiep u ap., 1968; Ilozmee, 2001)
emphasize that microscopic fungi are able to cause cell damages in an organism by
altering metabolism and cell wall structure, still in the result of research we did not find
a correlative link between a number of inclusions of microscopic fungi and apoptotic
cell count as we found an average 12 - 14 apoptotic cell count, when the number of
agent inclusions was an average one (++), a little (+) or did not find then at all.
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In the research we observed apoptosis of hepatocytes in liver samples of
experimental minks in all parts of parenchyma although physiologically the apoptotic
process is basically going on in vein area, which means that hepatocytes are developing
in acinus 1 (periportal) section of liver and slowly migrates to area 3 (centrolobular)
where they are degenerating (Klatskin, Conn, 1993; Green, 1998; Rubin, Farber, 1999).
The dispersed apoptotic cells found during our research according to data by Klatskin
and Conn (1993) testify about a systemic infection besides such infection, which is
connected with infiltration of Kupffer cells and various number of neutrophil
leukocytes.

One of the reasons for destruction of hepatocytes is the activity of inflammation
cells (neutrophil leukocytes and macrophages) (Jubb et al., 1993). Upon assessing
statistically a connection between inflammation cells and apoptosis of hepatocytes it
turned out that under a very extensive or an average apoptosis, there is not a
considerable difference in expression of inflammation cells whereas under a small
apoptosis — their number is a considerably lower. The calculated statistical coherence
shows that the influence of inflammation cells on apoptosis is not a vital one. From the
above mentioned we can conclude that apoptotic process can also go on without the
development of inflammation reaction that coincides with the data obtained by other
researchers (Green, 1998; Green, Ree, 1998; Rubin, Farber, 1999) as well as a relatively
small apoptotic cell count obtained in liver coincides with the data by other scientists
that apoptosis can be observed in liver during immunity regulation and infection (Rubin,
Farber, 1999). As the results obtained did not show correlation of apoptosis of
hepatocytes with infiltration of inflammation cells, we consider that there is some other
reason, which causes apoptosis. Researchers (Klatskin, Conn, 1993; Schulte-Hermann
et al., 1997; Rubin, Farber, 1999) assert that such a process is characteristic for viral
infections as in the result of a combined effect of caspases activity and damage of cell
mitochondrion the ferment endonucleases activates and a internucleosomal
fragmentation of DNS starts. Though regarding animals used in our research this small
number of apoptotic hepatocytes can possibly be explained by the presence of Aleutian
disease virus persisting in mink organism as the effect of this virus can hinder the
apoptotic process by inhibiting them a nuclear protein p53 and caspases, which damage
cell DNA (Rubin, Farber, 1999).

In general the research showed that there is a diverse mycological contamination
of feed and in minks affected by Aleutian disease virus distribution of moulds also in
parenchymal organs, particularly in liver, can be observed. At the same time, in spite of
infiltration of inflammation cells found in liver, expression of degeneration markers as
matrix metalloproteinases, damages of the basement membrane, apoptosis of
hepatocytes, liver have still maintained a considerable regeneration ability that is
testified by an intense discharging of growth factors: from hepatic stellate cells (nerve
growth factor receptors — NGFR p75), from cells of liver parenchyma and non-
parenchyma (hepatocyte growth factors — HGF) and from periportal hepatocytes
(vascular endothelial growth factor — VEGF).

It would be vital to prevent contamination of mink feed and to introduce the
latest immunohystological diagnostic methods in examination of pathological processes
to improve a survival rate of fur animals and management possibilities.
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CONCLUSIONS

. Mink feed is characteristic for a diverse mycological contamination mainly with
Aspergillus, Candida and Penicillium genera.

. Upon finding contamination of feed with moulds, from liver of minks affected
by Aleutian disease is isolated most of all (11), but from kidneys and lungs —
considerably less (6) representatives of moulds basically Aspergillus and
Candida genera.

. The presence of microscopic fungi in mink liver is shown by hypha among
hepatocytes in all liver acinus sections; yeastlike forms among hepatocytes in
periportal, perivenular area and in interlobular bile ducts as well as infiltration of
inflammation cells around portal duct and in all sections of parenchyma.

. A weak expression of fibroblast growth factor receptor (FGFR) in liver
periportal area basically in lymphocytes and macrophages is possibly connected
with a chronic run of the inflammation.

. Increase in activity of a vascular endothelial growth factor (VEGF) in periportal
hepatocytes in animals with liver where the apoptosis process has started, show
a possible anti-apoptotic role of this growth factor.

. Nerve growth factor receptor (NGFR) is expressed from hepatocytes during
liver damage and its discharge is connected with an inflammation and/or
dystrophy that is testified by NGFR expression more around bile ducts and in
periportal area simultaneously with infiltration of inflammation cells.

. Dispersion of hepatocyte growth factor (HGF) mainly around bile ducts and
portal ducts coincides with areas of inflammation and presence of yeastlike
forms, indicating that the factor stimulates proliferation of not only liver
parenchymal cells but also of biliary epithelial cells.

. In mink blood cells there are only fragments of laminin, a type IV collagen and
fibronectin and mainly in small blood vessels that points to a possible local
damage of blood vessels in an organ.

RECOMMENDATIONS

. To eliminate circumstances facilitating the development of microscopic fungi
during storage and preparation of mink feed components.

. In order to avoid economic losses caused by animal mortality and a reduced
fertility, fur farms must organize a regular mycological examination of mink
feed components and in case of feed contamination to carry out relevant
corrective measures.

. To clarify reasons for animal mortality and liver pathology to use diagnostic
immunohistochemistry by determining the following markers: FGFR, VEGF,
NGFR, HGF, basement membranes of liver structures, MMP and apoptosis.
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