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IEVADS
Darba aktualitate

Dzivnieka imtinas sistémas funkcionalais stavoklis ir galvenais faktors,
kas nosaka, vai pec baktériju invazijas piena dziedzerT saksies mastits. Mastits
jeb tesmena iekaisums ir visbiezaka slimiba, kura skar piena liellopu
ganampulkus un ir galvenais iemesls ekonomiskajiem zaud@umiem piena
razoSana visa pasaulé (Maréchal et al., 2011), savukart subkliniskais mastits ir
ipass piena dziedzera stavoklis, kam raksturiga ilgstoSa zemas intensitates
infekcija un sekojosi piena dziedzera audu bojajumi ar piena kvalitates
samazinasanos. Mastita arstéSanas pamata visa pasaulé joprojam ir antibiotiskie
zalu lidzekli, tacu terapijas kopgjas izmaksas (ieskaitot produkcijas realizacijas
ierobezojumus) ir visai dargas, antibiotiku lietoSanas efektivitate pamazam
kritas, turklat ir saistita ar butisku kait§jumu sabiedribas veselibai kopuma, jo
atliekvielu Klatblitne piena veicina pret antibiotikam rezistento patogéno
bakteriju celmu attistibu (Gyles, 2008; Persoons et al., 2012). Cina pret baktriju
antimikrobialas rezistences attistibu, kas ietver antibiotiku piesardzigu un
racionalu lietoSanu, ir viens no prioritarajiem uzdevumiem cilvéku veselibas
aizsardzibas nozare un veterinarmedicina gan Latvija, gan ES kopuma, tacu, lai
$o uzdevumu varétu istenot, ir nepiecieSamas alternativas metodes mastita
arstesana (Izglitibas un Zinatnes ministrija, 2017).

Eiropas Savienibas dalibvalstis govju saslims$anas gadijumos ar mastitu
biologiskas saimnickoS$anas apstaklos ricibu nosaka Regula 834/2007 par
biologisko razoSanu un biologisko produktu mark&anu. Regula noteikts, ka
ganampulka profilakses noliikos un dzivnieka slimibas gadijuma japieméro
arstéSana izmantojot fitoterapeitiskus un homeopatiskus lidzeklus, un tikai tados
dzivnieka saslimSanas gadijumos, kad iepriekSmingtie arstniecibas Iidzekli
nedod vélamo rezultatu, ir atlauts pielietot kimiski sintez&tas veterinaras zales,
taja skaita antibiotikas. ST noteikuma pamata ir princips, ka dzivnieku veselibu
vislabak iesp&jams uzturét, veicinot dzivnieku dabisko imunsisteémas
aizsardzibu.

So problemu dél pedgjo gadu laika intensivi notiek pétfjumi ar mérki
izveidot dabiskus antibakterialus lidzeklus. Nozimiga alternativa antibiotiku
terapijai ir iminmodulatori ar antibakterialam Tpasibam. Autori ir pieradijusi, ka
baktericido vielu izmantosana ir efektiva arf govim mastita arste$ana (Kai et al.,
2002; Cao et al., 2007; Klostermann et al., 2010; Soleimani et al., 2010; Espeche
et al., 2012; Frola et al., 2012).

Lai gan govs piens satur plasa spektra mikroorganismus, un dala
gadfjumu to klatbiitne ir saistita ar piena dziedzeru iekaisumu jeb mastitu,
galvena nozime hronisku subklmisku infekciju pastavésana ir govs
imunologiskajam stavoklim. Pamatojoties uz $o pienémumu, ir noformuléta
promocijas darba hipotéze: pielietojot govim intramammari dabigas vielas ar
imtnmodul&jo§am Tpasibam, iesp&jams pastiprinat organisma vispargjo un piena



dziedzeru lokalo imiinatbildi, kas rezultétos ar mastita ierosinataju klatbiitnes
ierobezoSanu tesment.

1)
2)

3)

4)

5)

Darba tezes
Promocijas darba hipotéze ir japierada ar $adam tezeém:

mikroorganismu populacija govju piena dziedzeros ir atkariga no
dazadiem faktoriem, taja skaita no gadalaika un ganampulka lieluma;
ierosinataju veidam/sugai ir nozimiga ietekme uz kopgjo bakteriju skaitu
un somatisko §tinu skaitu piena;,

govs piens satur daudzveidigas vielas ar imiinmodulgjo$am un
antibakterialam Tpasibam, kuru aktivitati pret mastita ierosinatajiem dalgji
ir iesp&jams novertet in vitro,

ievadot §Ts dabigas vielas govim intramammari, organisma tiek aktivizéta
$tnu un humorala imunitate;

imunitates aktivizéSana veicina patogéno baktériju ierobeZoSanu govju
piena dziedzeros.

Darba merkis

Promocijas darba mérkis ir izpétit bakterialo daudzveidibu piena

biologiskas razoSanas slaucamo govju ganampulkos un izveidot mastitu
ierobezo8anai lidzekli no komponentiem ar iminmodulgjosam Tpasibam.

Darba uzdevumi

Lai $o merki 1stenotu, izvirziti $adi pétnieciskie uzdevumi:

1)
2)
3)

4)

1)

izpétit  govs piena  bakterialo  daudzveidibu  biologiskas
lauksaimniecibas ganampulkos Latvija un to sezonalo dinamiku;
noskaidrot preval&joSos subkliniska mastita ierosinatajus;

veikt antibakterialas aktivitates parbaudi in vitro dabigam vielam ar
imiinmodulgjosam 1pasibam, ka ar1 to kompozicijam, pret tipiskakajiem
mastTta ierosinatajiem, pielietojot bedrisu difuzijas metodi;

veikt vienas kompozicijas ar antibakterialu iedarbibu izp&ti in vivo
apstaklos, un pieradit §is kompozicijas imiinmodul&joso darbibu, kas
rezultétos ar mastita ierosinataju ierobezosanu.

Darba zinatniska novitate

Veikts  mikroorganismu  klatbutnes  izvertgjums  biologiska
lauksaimnieciba iegiita govs piena Latvija saistiba ar ganampulku
lielumu un gadalaiku.



2)

3)

4)

5)

1)
2)

3)

4)
5)
6)
7)
8)

9)
10)

Sadarbojoties Latvijas Lauksaimniecibas universitates un Rigas
Stradina universitates pé&tniekiem, ir izstradata kompozicija mastitu
ierobezosanai no dabigam piena izcelsmes vielam, t.i., pienskabes,
lizocima un L. helveticus glikopeptida, kas paredz&ta intramammarai
ievadiSanai govju piena dziedzeros.

Pirmo reizi Latvija govim ir dinamika izvertéti gan leikociti piena, gan
asints, ka arT noteikts limfocttu virsmas molekulu (CD4, CDS8, CD16,
CD19, CD25, CD45, CD69) saturoso $iinu skaits.

Pirmo reizi Latvija veterinarmedicina izmantota imtnhistokimiska
metode govs tesmens sekréta noritoSo imunologisko procesu
skaidro$anai, nosakot IL-1, 1L-10, TNF-o, kaspazes-6 un beta
defensina-2 ekspresiju iminstnas.

Iegiiti jauni dati par patologiskajiem procesiem piena dziedzeros govim
ar subklinisko mastitu.

Personigais ieguldijums

Pétijuma plana sastadiSana.

Kontaktu nodibinasana ar biologiskas raZoSanas ganampulku
Ipasniekiem ar noliku iegtt atlauju piena paraugu nonems$anai to
saimniecibas.

Pétijumam izvéléto biologiskas razoSanas ganampulku apmekléSana,
informacijas iegiiSana par pétjjumam izvél€tajam govim un piena
paraugu nonemsana.

Piena paraugu transportéSana uz laboratoriju un sekojosa to
mikrobiologiska izmekl&Sana.

Izoleéto mastita ierosinataju tirkultiru sagatavoSana ilgstoSai
uzglabasanai un tirkultiru dzivotsp&jas uzturésana.

Imiinmodulgjoso vielu un to kompoziciju antimikrobialas aktivitates
merijumi in vitro, kas ietver mastita ierosinataju tirkultiiru kultivésanu.
Imtinmodulgjoso kompoziciju iedarbibas in vivo prieksizp&te uz dazam
govim.

Kompozicijas GLP 810 intramammara ievadiSana govju piena
dziedzeros, piena paraugu nonemsana, transportésana uz laboratorijam
un sekojosa to mikrobiologiska izmeklgsana.

Leikocttu diferenciala skaitiSana piena sedimenta uztriepé€s.
Mikrobiologiskas, citologiskas, imiinhistokimiskas, hematologiskas un
imunologiskas izmekle$anas datu analize un statistiska apstrade.
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Promocijas darbs noforméts 140 lappuses ar 16 tabulam un 43 att€liem un
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aprobacijas, literatiiras apskata, materialiem un metodém, p&tijuma rezultatiem,
diskusijas, secinajumiem, priek§likumiem un izmantotas literatliras saraksta ar
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MATERIALI UN METODES

Petfjums tika veikts tris etapos, kur:

1) pirmaja etapa més izpétijam mikroorganismu klatbttni govju piena 14
biologiskas lauksaimniecibas razoSanas ganampulkos Latvija;

2) otraja etapa veicam dabigu vielu ar imiinmodul&jo$am un antibakterialam
Tpasibam izpéti in vitro apstaklos uz mastita ierosinataju kultiram un
atlasjam vienu optimalo kompoziciju;

3) treSaja etapa veicam kompoziciju in vivo izp&ti péc §I preparata
ievadiSanas intramammari govim ar subklinisko mastttu.

Pétijuma laiks, vieta un materiala raksturojums

Pétijuma pirmaja etapa laika posma no 2011. gada decembra Iidz 2012.
gada novembrim tika veikta Svaigpiena paraugu iegiSana 14 biologiskajas
slaucamo govju novietngs, ieklaujot Cetrus Latvijas regionus: Kurzemé tris
ganampulki (iegiti ceturk$nu piena kopparaugi no 40 govim), Vidzemé divi
ganampulki (ieghti ceturk$nu piena kopparaugi no 40 govim), Latgalg tris
ganampulki (ieghiti ceturk$nu piena Kopparaugi no 41 govs), Zemgalé seSi
ganampulki (iegiti ceturk$nu piena kopparaugi no 106 govim), tatad kopuma
izmeklgjot ceturksnu piena kopparaugus no 227 govim.

Ganampulku lielums vari€ja no 3-120 slaucamajam govim viena
novietng, un turpmakai rezultatu apkoposanai tos iedalijam $adas grupas:

e A grupa — mazie ganampulki ar 3-30 slaucamajam govim. Saja grupa
analiz€jam Cetru ganampulku piena paraugus ar izmekl&to govju piena
kopparaugu skaitu n=86;

e B grupa — vidgjie ganampulki, ar 31-60 slaucamajam govim. Grupa
analiz€jam piecu ganampulku piena paraugus ar izmeklto govs piena
kopparaugu skaitu n=244;

11



e  C grupa - lielie ganampulki ar 61-120 slaucamajam govim. Saja grupa
analizéjam piecu ganampulku piena paraugus ar izmekleto govs piena
kopparaugu skaitu n=210.

No katra ganampulka, tika izveletas 15 laktgjoSas govis, pec iespgjas
icklaujot piecas veselas, piecas ar nedaudz/islaicigi paaugstinatu somatisko $tnu
skaitu (SSS) un piecas ar hronisku subklinisku mastitu. Ganampulkos, kuros
slaucamo govju skaits bija mazaks par 15, paraugus nonémam no visu laktgjoso
govju tesmena ceturkSniem. Ja paraugu nemsanas reiz€ kada no pétjjuma
ieklautajam govim bija cietstavoSa vai likvid&ta, ja iesp&jams, petijuma tika
ieklauta cita, tai lidzvertiga (nemot veéra laktaciju un tesmena veselibas stavokli)
lakt€josa govs. Sekojosi no §im govim tika izmekl&ti piena paraugi ¢etras reizes
gada, kopa izmeklesanai veidojot 540 ceturk$nu koppiena paraugus, t.i., ziema
140 paraugus, pavasari - 134, vasara - 160 un rudent 106 paraugus.

Pétijuma otraja etapa més veicam dabigu vielu ar imtinmodul&josam
Tpasibam antibakterialas aktivitates noteikSanu in vitro pret tipiskakajiem mastita
ierosinatajiem, un to stenojam laika posma no 2012. gada maija Iidz 2015. gada
maijam.

Imiinmodulatoru komponentu, kompoziciju un kontroles preparatu
antibakterialo aktivitati parbaudijam uz septinam bakteriju kultiram, kas
izolétas no aseptiski nopemtiem piena paraugiem - govim no biologiskas
lauksaimniecibas razo$anas ganampulkiem, kuram pétfjjuma pirma etapa laika
konstatets subkliniskais mastits. So septinu mikroorganismu celmu
identifikacija tika veikta Partikas drosibas, dzivnieku veselibas un vides
zinatniskaja institiita “BIOR”, pielietojot “MALDI Biotyper” (Bruker, Vacija)
un “BBL Crystal Gram—positive and Enteric/Nonfermenter ID” (Becton,
Dickinson and Company, ASV) mikroorganismu identifikacijas sist€mas.
Identificetie celmi, kurus izmantojam in vitro p&tijumos, bija:

1) S. aureus (tipisks celms);

2) S. aureus (Mazo koloniju variants);
3) S. saprophyticus;

4) S. haemolyticus;

5) E. coli;

6) Serratia liquefaciens;

7) Citrobacter freundii.

Pétijuma pielietotie imiinmodulatoru komponenti un to kompozicijas,
ar daZziem izpémumiem?, tika izgatavoti Rigas Stradipa universitates
A. Kirhensteina Mikrobiologijas un virusologijas institita (RSU, MVI):

1) lizocims (AppliChem GmbH, Vacija);
2) laktoferins (Alfa Aesar, Thermo Fisher Scientific, Vacija);

! Lizoctms (AppliChem GmbH, Vacija), laktoferins (Alfa Aesar, Thermo Fisher
Scientific, Vacija) un pienskabe (BDH Prolabo, Irija)
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3)
4)
5)
6)
7)
8)
9
10)

11)
12)
13)

14)

15)
16)
17)
18)
19)
20)
21)

22)

laktoferins (no pirmpiena);

pienskabe (BDH Prolabo, Irija);

kazeins (no pirmpiena);

liclas celtekas (Plantago major) koncentrata $kidums (1:3 ar 0.9 NaCl);
arstniecibas kumelites (Matricaria recutita) ekstrakts;

L. helveticus glikopeptids (10° kvv g1);

L. reuterii (dzivotspgejigas liofiliz&tas pienskabes bakterijas 107 kvv g%);
P. pentosaceus (dzivotsp&jigas liofilizétas pienskabes bakterijas
107kvv gb);

L. helveticus glikopeptids 5% un kazeins 95% ;

L. helveticus glikopeptids 5% un lizocims 95% ;

lizocims 100 mg, laktoferins 100 mg, L. helveticus glikopeptids 10 mg,
pienskabe 1 mL;

lizocims 100 mg, laktoferins 100 mg, L. helveticus glikopeptids 10 mg,
pienskabe 1 mL; celtekas koncentrats 1 mL;

L. reuterii glikopeptids 90%, lizoctms 10%;

B. lactis glikopeptids 90%, lizocims 10%;

L. plantarum glikopeptids 90%, lizocims 10%;

L. helveticus glikopeptids 90%, lizocims 10%;

L. helveticus, pirmpiena hidrolizats 95%, lizocims 5%;

pepsins, tripsins, kazeina hidrolizats (no piena un pirmpiena);

piena olbaltumvielu polipeptidi un lizocims (no piena un pirmpiena),
beta-glikans, pienskabe un L. helveticus glikopeptids;

kompozicija GLP 810 (L. helveticus glikopeptids 10 mg, lizocims
300 mg, pienskabe 500 mg).

Visiem komponentiem un kompozicijam, pirms izmanto$anas in vitro un

in vivo pétijumos, pievienojot sterilu natrija karbonata S§kidumu (Na,COs), pH
tika noreguléts uz 6.3, kas, ka liecina autoru (Davies et al., 1969) pétijumi,
nodro$ina optimalu vidi un augstu aktivitati lizoctma darbibai.

Ka kontroles preparatus in vitro pétijjumiem més izmantojam:

1

2)

3)

Synulox LC (Pfizer Italiana S.R.L., Italija), kas ir suspensija ievadiSanai
tesmeni lakt&josam govim un satur sekojosas aktivas vielas - amoksicilina
trihidrats, kalija klavulanats un prednizolons;

Tetra-Delta (Pfizer Animal Health Ltd., Apvienota karaliste), kas ir
suspensija ievadiSanai tesmeni lakt€josam govim un satur sekojosas
aktivas vielas - novobiocina natrija sals, neomicina sulfats, prokaina
penicilins, dihidrostreptomicina sulfats un prednizolons;

Eurofit gel (Slovenska Yooveterinarna Homeopaticka Spolocnost s.r.o.,
Slovénija), kas ir homeopatiskas veterinaras zales, paredzgtas
intramammarai aplikacijai lakt&josam govim un satur sekojosas aktivas
vielas - Phytolaca decandra, Hepar, sulphur, Silicea, Sepia officinalis,
Thuya occidentalis, Calcarea phosphorica, Pulsatilla,  lodum,
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Cantharis, Phosphorus, Baptisia tinctoria, Echinacea angustifolia,
Acidum nitricum, Phellendrum aquaticum, Arnica Montana un Bryonia,
4)  0.9% natrija hlorida (NaCl 0.9%) §kidumu @idenT (negativa kontrole).

Sekojosi pétjuma 3. posma in vivo pé€tijumos més parbaudijam
kompoziciju GLP 810, un §1 preparata vienas devas sastava tika ieklautas
sekojosas sastavdalas: Pienskabe - 500 mg, Lizocims - 300 mg, Glikopeptidi -
10 mg, ka arT 0.9 % natrija hlorida §kidums tident - 10 mL.

Pétljuma treso etapu, kura laika més veicam optimalas imanmodulatoru
kompozicijas GLP 810 in vivo aktivitates izpéti desmit govim, més Tstenojam
laika no 2015. gada 26. maija Iidz 30. jinijjam viena konvencionalas
lauksaimniecibas razoSanas slaucamo govju novietng Latvija veterinarmedicinas
prakses ietvaros.

Novietne ar 265 slaucamajam govim darbojas piesieta turéSanas sist€ma
un slaukSana piena vada tika organizeta divas reizes diena. Kliniskajiem
izméginajumiem més atlasijam 10 govis, kuras atradas laktacijas vidus posma’
(218+56 dienas) un anamnéze tam bija paaugstinats SSS, t.i., 300 tikst. un vairak
$tinu mL? vismaz 2 méneSus péc kartas. Septinas no atlasitajam govim bija ar
izslaukumu 4-8 tiikst. kg, un tris govis - ar izslaukumu 9-12 takst. kg iepriek$gja
laktacija. Govis atradas 3.-4. laktacija un bija dazadu Skirnu: 5 govis bija
Holsteinas melnraibas, 3 — Latvijas briinas, 1- HolSteinas sarkanraiba un 1 —
Danijas sarkana govs.

P&tfjumam atlasitas govis netika san€musas nekadu arstéSanu vismaz 30
dienas pirms izméginajuma uzsak$anas, un nevienai no tam netika diagnosticéta
cita saslimSana, izpemot subklinisku mastitu, un visparigas veselibas
izmeklesanas laika mé&s neatradam tam nozimigas kliniskas atradnes. Uzsakot in
vivo petljumu, nevienai govij piena nebija novérojamu vizualu parmainu.

Petijuma izmantotas metodes

Pétijuma pirmaja etapa iegiito piena paraugu nonemsana, transportésana
un nogadasana laboratorija

No  Dbiologiskajam  saimniecibam  ieglitos  piena  paraugus
mikrobiologiskajai izmekléSanai més nonémam taja pasa diena vai 2 nedelu laika
pé&c piena paraugu nemsanas piena kvalitates parraudzibas programmas ietvaros.
Paraugus savacam sterilos 6 mL tilpuma stobros (Weihai Hongyu Medical
Devices Co., Ltd, Kina) p&c aseptiskas tehnikas (Bradley et al., 2012), nonemot
pa vienam piena paraugam no katras izveletas govs visiem laktgjosajiem tesmena
ceturk$niem kopa (iegtistot kopparaugu). Lai gan kopparauga izmekl&jumiem ir

! Laktacijas vidus posms nozimé, ka ir pagdjuSas vairak neka 60 dienas péc govs
atneSanas, un ir palikusas vismaz 90 dienas pirms paredzamas cietlaiSanas (Moran, 2012)
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augsts specifiskums (>97%), tomér jarekinas ar samazinatu testa jutibu
(Reyher, Dohoo, 2011).

P& nonemsanas paraugi nekavgjoties tika nogadati Latvijas
Lauksaimniecibas universitates agentiiras “Biotehnologijas un
Veterinarmedicinas  zinatniskais institits “Sigra™ (Sigulda, Latvija)
mikrobiologijas laboratorija. Paraugus transportgjam aukstuma soma, saglabajot
temperattiru 4-8 °C robezas. Paraugus ievietojam sald&tava -20 °C temperatiira,
kur uzglabajam 2-6 nedglas, t.i., lidz tika uzsakta paraugu mikrobiologiska
izmekl€Sana. Piepemot l@mumu paraugus sasaldét un izmekleéSanu veikt
pakapeniski 2-6 ned€lu laika, mes balstfjamies uz autoru (Murdough et al., 1996)
veiktajiem pétijumiem, kas apliecina, ka, uzglabajot paraugus Iidz 6 nedélam -
20°C, uz biezak izplatitajiem mastita ierosinatajiem (S. aureus, KNS,
Streptococcus spp., Corynebacterium bovis un E. coli) sald€Sana neatstaj butisku
ietekmi. Citi autori (Petzer et al., 2012) konstatgjusi vél ilgaku periodu, kura
mastita ierosinataju dzivotsp&ja nesamazinas: piem., S. agalactiae - 12 nedglas,
E. coli - 16 nedglas, bet koagulazes negativie stafilokoki (KNS) - 18 nedglas.)

Gan kopparaugus, gan paraugu atSkaidfjumus sakotn&ji uzsgjam uz
Cetram cietajam barotn€m, kopuma veicot 7560 primaros uzs€jumus. Turpmaka
bakteriologiska izmeklé$ana tika veikta saskana ar attiecigo metodiku, lai
noteiktu baktériju skaitu un veiktu to identifikaciju. Rezultata més ieguvam
~400 bakteriju izolatus, no kuriem septinu tipiskako subkliniskd mastita
ierosinataju kultiiras pielietojam turpmakajos pétijumos.

Iminmodulatoru antibakterialas aktivitates parbaude pétijuma otraja
etapa

Im@inmodulatoru antibakterialas aktivitates parbaudi uz septinu mastita
ierosinataju mikroorganismu tirkultiram veicam pielietojot bedriSu-difuzijas
metodi (angl. well diffusion method) (Valgas et al., 2007; Tejero-Sarifiena, 2012).

Bakteriju kultiras 0.1 mL apjoma ienesam sterilas 100 mm Petri plates
un parlgjam ar 20 mL Millera-Hintona agara (Mueller-Hinton agar, Oxoid,
Lielbritanija) barotni, uzmanigi sajaucam. Agara izgriezam bedrites 6 mm
diametra, kuras iepildijam 60 pL parbaudama $kiduma. Plates sagatavojam 3
atkartojumos, inkub&jam aerobos apstaklos 24 h 37 °C un izmérijam bakt&riju
augSanas nomakuma jeb antibakterialas aktivitates zonas diametru. Ja
nomakuma zonas diametrs bija mazaks neka 0.1 mm, konstatgjam, ka nomakuma
nav un parbauditajam Skidumam nepiemit antibakteriala aktivitate pret pielietoto
bakteriju kultiiru. Iepriek§ minétie izmekl&jumi tika veikti 3 atkartojumos,
kopuma analizgjot 546 reakcijas.

Kopuma izmantojam 10 imiinmodul&josas vielas jeb komponentus, 12 So
vielu kompozicijas, ka arT ¢etrus kontroles preparatus, no kuriem tris bija pozitiva
kontrole (Synulox LC, Tetra Delta un Eurofit Gel) un viens bija negativa kontrole
(0.9% NaCl). Uznesot minétas iminmodul&josas vielas un kontroles preparatus
uz asins agara barotnes (kas saturgja 5% govju asinu) un veicot inkubaciju, més
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parbaudijam to sterilitati un hemolitisko aktivitati; §Ts parbaudes veicam tris
atkartojumos, kopuma analizgjot 78 paraugus.

Govju veselibas stavokla uzraudziba un intramammara preparatu
ievadiSana pétijuma treSaja etapa

Petijuma 3. etapa tika atlasttas desmit govis, kuras sadalijam divas grupas,
pa piecam govim katra. Eksperimentalas grupas govim (kopa 19 ceturksnos)
veicam kompozicijas GLP 810 infiiziju 10 mL apjoma trTs reizes ar 48 h intervalu
(1., 3. un 5. petjjuma diena). Kontroles grupas govim (kopa 19 ceturksnos) katra
ceturksni intramammari ievadijam kontroles 0.9% NaCl skidumu 10 mL apjoma
tris reizes ar 48 h intervalu (1., 3. un 5. pétijuma diena). Infuzijas tika veiktas
pec rita slaukSanas laika no pl. 4:00-6:00. Govju veselibas stavokla uzraudziba
tika veikta katru dienu no 1. lidz 7. dienai, ka ar1 14. un 21. diena, atzim&jot
veidlapa izmainas sekojoSos parametros:

1) sistémiskas izmainas govju kliniskaja stavokli (kermena temperatiira,
izslaukums, apetite);

2) piena dziedzeru kliniskais stavoklis (apsartis, ciets, sapigs, ar
paaugstinatu temperatiiru);

3) piena vizualais izskats (ar parslam, ar recekliem, Gdenains).

Gan kontroles skidums, gan imiinmodulatoru kompozicijas tika ievaditas
caur pupa kanalu, izmantojot katram ceturksnim individualu vienreizlietojamu
pupa kanulu J-12 (Jorgensen Laboratories, USA), kas uzlickama uz §lirces. Pirms
preparata ievadiSanas pupa galu noslaucijam ar dezinficgjoSu vienreizgjas
lietoSanas salveti un atslaucam Cetras lidz seSas piena striklas. P&c preparata
ievadiSanas veicam tesmena masazu augSupvirziena, kas veicina preparata
izkliedesanos piena dziedzerT, ka arT novietnes darbinieks veica pupu iemerksanu
jodu saturo$a dezinficgjosa Skiduma, istenojot rutinas tesmenu higi€nas
pasakumu.

Piena paraugus no katra piena dziedzera nonémam 5 reizes, t.i., 1. diena
(pirms infuzijas veikSanas), 3., 5., 7. un 14. p&tijuma diena. Asins paraugus no
astes vénas (latin., vena caudalis mediana) katrai govij més nonémam 4 reizes,
t.i., 1. diena (pirms inflizijas veikSanas), 3., 7. un 21. pétjjuma diena.

Pétijuma treSaja etapa iegiito paraugu izmekléjumi

Kopuma 3. etapa més ieguvam pétijumam 426 piena paraugus, kuriem
talak veicam sekojosus izmekl&jumus:

1) nosaciti patogénas mikrobiotas un Lactobacillus spp. analize — paraugus
savacam sterilos stobros; primarajiem ceturk$nu piena paraugiem veicam
atSkaidijumu s@rijas pagatavoSanu, ieglstot 570 sekundaros paraugus.
Primaro piena paraugu uzs€jumus veicam uz piecam cietajam barotném,
un veicam bakteriologiskos izmeklgjumus, lai noteiktu kop&jo baktériju
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skaitu, Streptococcus spp., Staphylococcus spp., Enterobacteriaceae
dzimtas mikroorganismu skaitu un E. coli klatblitni piena, ka ari
Lactobacillus spp. bakteriju skaitu. Mikrobiologiskos izmeklgjumus
veicam LLU VMF Partikas un vides higiénas institita mikrobiologijas
laboratorija;

2) somatisko $tnu diferenciala skaitiS$ana — paraugus savacam sterilos
centrifugéSanas stobros. Pielietojot gaismas mikroskopiju, més veicam
diferencialo Stinu skaitiSanu 137 ceturk$nu piena paraugu uztriepem,
nosakot tajas leikocitu populacijas. lzmeklgjumus veicam LLU VMF
Partikas un vides higi€nas institita mikrobiologijas laboratorija;

3) imunhistokimiskie izmekl&jumi — paraugu sagatavo$anu un piena
sedimenta uzneSanu uz priekSmetstikliniem veicam LLU VMF Partikas
un vides higiénas institita mikrobiologijas laboratorija, bet uztriepju
krasoSana tika Tstenota Rigas Stradina Universitates Anatomijas un
antropologijas instittita Morfologijas laboratorija. 345 ceturk$nu piena
paraugiem tika noteikta iekaisuma -citokinu IL-1, IL-10, TNF-q,
antibakteriala peptida BD-2 un kaspazes-6 ekspreséto Stinu skaits;

4) piena kvalitates izmekl&umi — paraugus savacam sterilas laboratorijas
pudelés bez konservanta, un talaka izmekl€Sana tika veikta SIA
“Piensaimnieku laboratorija” (Ulbroka, Latvija); 175 ceturk$nu piena
paraugiem tika noteikts somatisko $tinu skaits, kopg&jais baktériju skaits,
tauku saturs, olbaltumvielu saturs, laktozes saturs, un pH.

Somatisko $iinu skaits tika noteikts ar fluorescences optoelektronisko
metodi uz ierices Fossomatic FC (Foss AS, Vacija) saskana ar standarta
LVS EN ISO 13366-2:2007 “Piens. Somatisko Stnu skaita noteikSana. 2.dala:
Noradijumu par fluorescentoptoelektronisko skaititaju ekspluataciju” prasibam.

Baktériju kopskaita noteikSana tika veikta ar elektronisku iekartu
“BactoScan FC” (FOSS Electric AS, Vacija), kas ir automatiska bakteriju $tinu
skaitiSanas ierice, kuras darbibas pamata ir plismas citometrija. Metode ir
validéta, paredzgta piena higieéniskas kvalitates kontrolei.

Tauku, laktozes un olbaltumvielu satura noteikSana piena (%) tika
veikta ar infrasarkanas spektroskopijas metodi saskana ar ISO standarta
9622:1999 “Whole milk. Determination of milk fat, protein and lactose content-
Guidance on the operation of mid-infrared instruments” prasibam.

pH noteiksana tika veikta ar pH metru, kura princips ir piena
elektrovaditsp&jas noteikSana un rezultatu izteikSana pH.

Somatisko Sinu diferencialo skaitiSanu mes veicam péc autoru
(Fragkou et al., 2014) aprakstitas metodikas. Iegiitos 10 mL piena paraugus
sterilos centrifuggSanas stobrinos (tilpums 10 mL, Plastiques Gosselin, Francija)
centrifuggjam 1500xrpm 10 mindtes ilgi. Ar automatisko pipeti atsiicam
Skidrumu, tad aptuveni 10 uL no $iinu suspensijas uznesam uz priekSmetstiklina,
un vienmerigi izklajam. Uztriepes nozaveéjam istabas temperatiira un krasojam ar
Dip Quick krasu (Rapid Differential Stain kit) saskana ar razotaja (Astral
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Diagnostics incorp., USA) instrukciju. Katru uztriepi izskatljam gaismas
mikroskopa 40 un 100 reizu liela palielinajuma, saskaitot 100-200 SGnas un
nosakot to piederibu piena Stnu populacijam: limfocitiem, makrofagiem un
polimorfonuklearajiem leikocttiem.

Piena §anu imiinhistokimisko izmeklé$anu veicam, lai novértétu
ickaisuma citokinu interleikina 1 (IL-1) un audz&ju nekrozes faktora—alfa
(TNF- @), iekaisumu inhib&josa citokina interleikina 10 (IL-10) un antibakteriala
peptida beta-defensina 2 (BD-2) ekspresiju, ka arT apoptozes markieri kaspazi-6,
pielietojot pielagotu biotina — streptavidina imtinhistoktmisko metodi (Hsu et al.,
1981). Izmeklgjumu veikSanai tika sagatavotas uztriepes — no sedimenta, kas
iegiits, pienu centrifuggjot 1500 rpm x 10 min. Kopuma no 23-iem tesmenu
ceturks$nu (19 eksperimenta un 4 kontroles grupas) piena paraugiem sagatavotas
345 uztriepes tika izmantotas talakai kraso$anai un morfologiskai izpétei Rigas
Stradina universitates Anatomijas un Antropologijas institita Morfologijas
laboratorija. Preparatu imiinhistokimiskaja kraso$ana pielietojam sekojosSas
primaras antivielas: trusu poliklonalas IL-1o (kods AB17281, atSkaidisanas
pakape 1:200, Abcam, Lielbritanija) un IL-10 (kods Ab34843, 1:400, Abcam,
Lielbritanija), kazu poliklonalas beta-defensina 2 (kods AF2758, 1:100, RD
Systems, Lielbritanija), truSu monoklonalas kaspaze-6 (kods Ab52951, 1:250,
Abcam, Lielbritanija) un trusu poliklonalas audzgju nekrozes faktora—alfa (kods
ab6671, 1:100, Abcam, Lielbritanija) un ar biotinu saistitas sekundaras antivielas
(LSAB+LINK, kods K1015, DakoCytomation, Danija). Pozitivas reakcijas
gadijuma struktiiras nokrasojas briinas. Lai izvairitos no artefaktiem, S$tnu
kodolus un fonus iekrasojam ar hematoksilinu (Mayers Hematoxylin, kods
05M06002, Bio-Optica, IT).

Periferas asins paraugu izmekl§jumi tika veikti Paula Stradina
Kliiskas universitates slimnicas Apvienotaja laboratorija Kliniskas
Imunologijas centra Imunologijas laboratorijas nodala. Asins paraugi tika
izmekl@ti ar vairakam metodém, nosakot tajos imiinkompetento $tinu aktivitates
raditajus, t.i., kopgjo leikocttu skaitu un to populacijas (segmentkodolainie
leikociti, stabinkodolainie leikociti, limfociti, monociti), ka arT limfocitu
populaciju (CD16+, CD19+) un subpopulaciju (CD4+, CD8+) aktivitates
(CD25+, CD45+, CD69+) markierus (gan $o §iinu absoliito skaitu asinis, mL?,
gan to procentudlo dalu). Kopgjais leikocitu skaits asinis tika noteikts ar 5-
daligu diferencialas hematologijas ierici Pentra 60 (Horiba ABX Diagnostics,
Japan) saskana ar standarta protokolu. Asins formelementu apskate un
leikocitaras formulas noteik$ana tika veikta, analizjot asins uztriepes gaismas
mikroskopa 100 reizu palielingjuma. Limfocitu populaciju un subpopulaciju
aktivitates raksturosana tika veikta, izmantojot $iinu markieru (CD4+, CD8+,
CD16+, CDI19+, CD25, CD45+ un CD69) analizes. Sinu markieru
identific€Sanai tika pielietota fluorescences-aktivéto Stinu SkiroSanas metode
(FACS) un atbilstosas pelu antivielas saskana ar razotaja (FACS Calibur, Becton,
Dickinson and Company, ASV) protokolu.
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Pétljuma pirmaja un tre$aja etapa pielietotas mikrobiologiskas testéSanas
metodes

Lai samazinatu mikroorganismu kopg&jo skaitu tilpuma vieniba, kas
atvieglotu mikroorganismu aug$anas novéroSanu un to koloniju skaitiSanu péc
uzs€jumu inkubacijas, veicam secigu decimal$kidumu sagatavosanu no primara
piena parauga saskana ar standarta LVS EN ISO 6887-5:2011 “Partikas un
dzivnieku baribas mikrobiologija. TestéSanas paraugu, sakotngjas suspensijas un
decimal§kidumu sagatavoSana mikrobiologiskam parbaudém. 5. dala: Tpasi
noteikumi piena un piena izstradajumu sagatavosanai (ISO 6887-5:2010)
prasibam.

No primarajiem atSkaidijumiem (10%), kas iegiiti 1 mL piena parauga
daudzuma sajaucot ar 9-kartigu sals — peptona $kiduma (Maximum recovery
dilutent, Oxoid, Lielbritanija) daudzumu un, atkartojot So darbibu ar katru
at§kaidfjumu, més ieguvam decimalo atSkaidijumu sériju no 102 Iidz 10, kas
nepiecieSama s€Sanai uz barotn€m. Attiecigie atSkaidijumi, tapat ar1 primarais
paraugs (neatskaidits piens), tika uznesti uz sekojosam barotném:

1) pétijuma 1. etapa - uz asins agara (Blood agar base, Oxoid, Lielbritanija,
kam pievienotas sterilas govju asinis 50 g L), Baird Parker agara (Baird
Parker agar with egg yolk supplement, Biolife Italiana, Italija),
kristalvioleta - neitralsarkana - zults - glikozes agara (VRBG, Violet Red
Bile Glucose agar, Oxoid, Lielbritanija) un piena agara (Milk agar, Oxoid,
Lielbritanija).

2) pétijuma 3. etapa - uz asins agara, Baird Parker agara, VRBG, Triptona
zults glikurona jeb TBX agara (Tryptone Bile X-glucuronide medium,
Oxoid, Lielbritanija) un de Man, Rogosa, Sharpe agara (MRS, Oxoid,
Lielbritanija).

Kopéja mikroorganismu skaita noteik$anai piena paraugos, kurus
ieguvam pétijuma pirmaja etapa no biologiskajam saimniecibam, izmantojam
piena agaru (Oxoid, Lielbritanija) saskana ar standarta LVS 179:1999 “Piens un
piena produkti - Mikroorganismu koloniju veidojo$o vienibu skaita noteik$ana -
Koloniju skaitiSanas tehnika pie 30 °C” prasibam.

Koagulazes pozitivo un negativo stafilokoku skaitu m&s noteicam
saskana ar standarta LVS EN ISO 6888-1: 1999/A1:2003 “Partikas un dzivnieku
baribas mikrobiologija. Horizontala metode koagulazes pozitivo stafilokoku
skaitiSanai (Staphylococcus aureus un citu bakteriju veidu. 1.dala: Metode,
lietojot Baird-Parker agara vidi. 1. labojums: Ietverot datu precizitati” prasibam.
S. aureus identifikaciju mes apstiprindjam ar diagnostisko reagentu “Staphytect
Plus” (Oxoid, Lielbritanija), kur pozitiva reakcija (apstiprinats S. aureus),
saskana ar razotaja noradeém, izpauzas ka makroskopiski redzamu parslu
veidoSanas. Dalai no izoletajiem koagulazes negativajiem stafilokokiem tika
veikta identifikacija I1dz sugas Iimenim, pielietojot identifikacijas sisteémas “BBL
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Crystal Gram-positive ID” (Becton, Dickinson and Company, ASV) un “MALDI
Biotyper” (Bruker, Vacija).

Enterobacteriaceae dzimtas mikroorganismu skaita noteikSanu mes
veicam saskana ar standarta LVS ISO 21528-2:2007 “Partikas un dzivnieku
baribas mikrobiologija. Horizontalas metodes Enterobacteriaceae noteik$anai
un uzskaitei. 2. dala: Koloniju skaitiSanas metode” prasibam, piclietojot
kristalvioleta - neitralsarkana - Zzults - glikozes agaru (VRBG, Oxoid,
Lielbritanija). E. coli mikroorganismu noteik§anu m&s veicam saskana ar
Leininger un lidzautoru aprakstito metodi (Leininger et al., 2001), bet sakotngjai
E. coli izolesanai no paraugiem MacConkey agara vieta més izmantojam
hromogéno Triptona zults glikurona jeb TBX agaru, (Tryptone Bile X-
glucuronide medium, Oxoid, Lielbritanija).

Streptokoku izoléSanu veicam saskana ar mikrobiologisko izmekl&jumu
standartu  streptokoku, enterokoku un morfologiski Iidzigu organismu
identifikacijai (UK Standards..., 2014) uz asins agara, kura sastava ir 5% govju
asinis. P& 24 h inkubacijas 37 °C temperatira saskaitijam streptokokiem
raksturigas kolonijas un apstiprinasanai izmantojam zults eskulina agaru (Bile
aesculine agar, Oxoid, Lielbritanija) un katalazes testu. Visas kulttiras, kas bija
katalazes negativas un uz Zults eskulina agara barotnes veidoja melnu vai
dzeltenbriinu krasojumu, tika apstiprinatas par D grupas streptokokiem —
Enterococcus spp. Tam kultiram, kuras nepieder&ja Enterococcus spp., bet bija
katalazes negativas un uz asins agara radija beta-hemolizi, tika veikts lateksa
aglutinacijas tests “PathoDxtra Strep Grouping Kit”, kas paredzéts Lencfilda
grupas (A, B, C, D, F, G) Streptococcus spp. identifikacijai péc razotaja
instrukcijas (Oxoid, Lielbritanija).

Pienskabes bakteriju (Lactobacillus spp.) noteik§anu més veicam,
pielietojot de Man, Rogosa, Sharpe agaru (MRS, Oxoid, Lielbritanija) saskana
ar autoru apraksttto metodi (Leininger et al., 2001). Min&ta metode ir balstita uz
standarta 1SO 15214:1998 “Partikas un dzivnieku baribas mikrobiologija -
Horizontala metode mezofilo pienskabes bakteriju noteikSsana - Koloniju
skaitiSanas metode pie 30° C” prasibam.

Neskaidru situaciju gadijuma baktériju kultiiras, kuras ieguvam no piena
paraugiem, identific§jam, pielietojot BBL Crystal testu (Becton, Dickinson and
Company, ASV) - Gram-pozitivo un Gram-negativo bakteriju identifikacijas
sisteému, kura ieklauti vairaku substratu fermentacijas, oksidacijas un hidrolizes
testi, bet identifikacija notiek, salidzinot ieglitos rezultatus ar datu baze
esosajiem.

Datu statistiska apstrade

Datu ieguve par somatisko $iinu skaitu govim pé&tijuma pirmaja etapa
veikta no Latvijas Lauksaimniecibas datu centra registra, bet 3. un 4. etapa SSS
noteicam misu iegitajos piena paraugos. Datu analizé izmantota tesmena
ceturk$nu kategorizéSana §adas grupas: normala sekrécija, sekrécijas traucgjumi,

20



latenta infekcija un mastits saskana ar Starptautiskas piensaimnieku federacijas
vadlinijam (International Dairy Federation [IDF]), un S$aja gadijuma
robezvertiba ir 200 tikst. $iinu mL* govs koppiena (Pyorala, 2003).

Savukart, lai analizétu govs piena atbilstibu partikas kvalitates prasibam,
kuras nosaka Eiropas Parlamenta un Padomes Regula (EK) Nr. 853/2004
(2004. gada 29. aprilis), ar ko nosaka ipasus higienas noteikumus attieciba uz
dzivnieku izcelsmes partiku, més pielietojam SSS robezvértibu 400 tikst.
§tinu mL* un kopéja baktériju skaita robezvertibu 100 tikst. $iinu mL™? govs
koppiena.

Par pamatu pielaujamam fiziologiskajam asins morfologisko raditaju
vertibam izmantoti publicétie dati (Wood, Quiroz-Roch, 2010).

Rezultati tika izteikti ka vidgjais aritm@etiskais + standartkltda, kas
raksturo vid&ja raditaja reprezentabilitati. Lai salidzinatu pétijuma ieklauto govju
raditajus pirmaja un atkartotajas izmekleSanas reizgs, lietots Vilkoksona rangu
zimju tests (angl., Wilcoxon Signed Ranks test) divu savstarpg€ji saistitu
paraugkopu analizei. Savukart, lai salidzinatu izmekl&jumu rezultatus divam
savstarp€ji neatkarigam paraugkopam (GLP 810 pétijuma grupa un kontroles
grupa), lietots Manna-Vitneja U (angl., Mann—Whitney U) tests.

Izmantojam arT H1 kvadrata testu (Chi-Square test), lai novertétu atskiribu
limeni starp divam kvalitativam (gadalaiks, piena sekrécijas stavoklis, laktacija,
ierosinatajs u.c.) vai semikvantitativam pazimém (ganampulka lielums, bakteriju
skaits un somatisko $tinu skaits, sadalits pa grupam u.c.). Kramera V koeficienta
aprekins (angl., Cramers’s V tests) deva mums iesp&ju novertet sakaribas speku
un bitiskumu starp divam pazimém, kuras neatbilst normalam sadalijjumam vai
starp divam pazim&m, kuras tika meritas ar kartas skalu. Savukart ordinalas
skalas datiem pielietojam Kendala (angl., Kendall's tau-b) korelacijas
koeficientu (Arhipova, Balina, 2003; Paura, Arhipova, 2002).

Iekaisuma citokinu, antibakteriala peptida ekspresijas un apoptozes
procesa noveértéSanai lietojam pozitivo struktiru relativa daudzuma
puskvantitativo skaitiSanas metodi (Pilmane et al., 1998), kad pozitivas
struktiiras tika iedalitas vairakas grupas: (-) — negativie, (+) — maz, (+ +) — vidgji
daudz un (+ + +) daudz pozitivas struktiiras. legiito rezultatu izplatibas
salidzinajumam lietots relativa biezuma aprékina modelis (frequencies) (Gosa,
2003).

Statistiskas ticamibas robezveértibu visas analiz€s izmantojam P = 0.95,
kas nozimé, ka sakariba ir statistiski butiska, ja p<0.05. Statistiski augsta
ticamiba ir tad, ja p<0.001 vai mazaks.

Attelus izveidojam ar Microsoft Excel 2013 vizualizacijas programmu.
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PETIJUMA REZULTATI UN DISKUSIJA

1. Mikroorganismu klatbiitne govs piena biologiskajos piena
razoSanas ganampulkos Latvija

Mikroorganismi piena ir daudzpusigi pétits temats. Zinatnieki ir nonakusi
pie secingjuma, ka piens satur plasu mikroorganismu spektru (Rainard, 2017),
taja skaita pienskabes bakterijas, sviestskabes bakterijas, pliSanas bakterijas,
koliformas, raugus un peléjumseénes, ka ari patogénas un nosaciti patogenas
bakterijas.

Mausu pétfjuma pirmais uzdevums bija izp€tit govs piena bakterialo
daudzveidibu biologiskas lauksaimniecibas ganampulkos Latvija un to sezonalo
dinamiku. P&tijuma pirmaja etapa analiz€jam govju piena mikrobiologisko
piesarnojumu 14 biologiskas lauksaimniecibas ganampulkos Latvija, bet
somatiska $Gnu skaita (SSS) dinamiku apsekoto govju piena vértgjam,
izmantojot ikménesa parraudzibas datus.

1.1. Kopgjais bakteriju skaits

Bakterijas, kuras piena atrodas liela skaita un daudzveidiba, veido
produkta dabigo mikrobiotu (Rainard, 2017), un saisto$a likumdosana
(EK 853/2004) nosaka, ka lidz 100 tikst. kvv mL* svaigpiena ir kvalitativam un
drosam pienam atbilsto$s daudzums. Ja kopgjais bakteriju skaits (KBS) ir lielaks,
tad vairuma gadijumu tas ir nepiectickamas sanitari higi€nisko noteikumu
ieverosanas del, bet dazkart ari liecina par intramammaru infekciju — mastitu
(Murphy, Boor, 2000).

Kopgja bakteriju skaita variacijas piena var biit loti plasas. Miisu izp&titaja
piena KBS vidgji bija 43+5 tiikst. kvv mL. Autori Torkar un Teger (2008)
izpétijusi, ka prasibam neatbilstosi ir 23.6% piena, un KBS taja — apméram
40 takst. kvv mL, un $ie novérojumi ir lidzigi miisu veiktajiem.

ME&s izpétijam, ka biologiskajas saimniecibas 84.2% piena paraugos KBS
bija zems jeb atbilstoss piena kvalitates prasibam (Iidz 100 tiikst. kvv mL™), bet
15.8% paraugos KBS bija augsts (vairak neka 100 tikst. kvv mL™). Lidziga
pétfjuma par piena kvalitati biologiskaja piensaimnieciba Latvija secinats, ka
kopgja bakteriju skaita prasibam neatbilstosais piens sastadija 27% (Zagorska,
2007).

Literatiira ir maz zinu par to, ka ganampulka lielums tiesa veida varétu
ietekm&t mikroorganismu izplatibu piena, tacu ir pieradits, ka ganampulka
lielumam ir ietekme uz kop&o mikrobialo piesarnojumu piena, visdrizak,
atskiriga menedzmenta de| (Jayarao et al., 2004; Cempirkova, 2006; Coorevits
et al., 2008; Archera et al., 2013).

ArT més konstatgjam, ka starp ganampulka lielumu un bakteriju skaitu
piena pastav bitiska sakariba (1. att.). Vislielako bakteriju klatbttni piena més
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novérojam  lielajos  ganampulkos (C), kur KBS vidgji bija
179.8+34.8 tiikst. kvv mL%. Mazaks KBS bija mazajos (A) ganampulkos, t.i.,
vidgji 47.7+12.2 tikst. kvv mL™, bet vismazako bakteriju skaitu konstatgjam
vidgja lieluma (B) ganampulkos, t.i., vidgji 31.0+5.0 tikst. kvv mL™,
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1. att. Kopéjais bakteériju skaits piena daZzadu lielumu ganampulkos /
Fig. 1. Total bacterial count in milk in association with herd size

Kvalitates prasibam neatbilstoSus paraugus, t.i., kad piena KBS bija
vairak neka 100 tikst. kvv mL?, visbiezak més konstatgjam lielajos (C)
ganampulkos (23.8%), bet pargjos ganampulkos retak — A ganampulku grupa
12.8% un B ganampulku grupa — 8.2% izmekl&to piena paraugu.

Literattra plasi sastopams ir viedoklis, ka sezonalas klimata svarstibas
batiski ietekmé piena mikrobiologisko sastavu (Osteras et al., 2006; Olde
Riekerink et al., 2007; Nobrega, Langoni, 2011; Zucali et al., 2011). Lai izvértétu
piena bakteriologiskda piesarnojuma izmainas atkariba no gadalaika, mg&s
analiz€jam ziema, pavasari, vasara un rudeni ieglitos rezultatus.

Noskaidrojam, ka, atkariba no piena paraugu nemsanas gadalaika biitiski
izmainijas KBS, bet nosaciti patogéno baktériju prevalencei ar gadalaiku bija
nenozimiga saikne, iznemot koagulazes negativos stafilokokus (KNS), jo rudent
§1s bakterijas tika konstatétas biezak (54.3% paraugos) neka pargjos gadalaikos
(17.0%-32.1% paraugos).

Ka redzams 2. att., vislielakais vidgjais KBS bija rudeni iegiitajos
paraugos (243+644 tikst. kvv mL1), bet pargjos gadalaikos piena bakterialais
piesarnojums bija butiski zemaks (ziema 72+11 tikst., pavasari 57416 tukst. un
vasara — 24+11 tikst. kvv mL™) (p=0.000).
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2. att. Kopgjais baktériju skaits piena saistiba ar gadalaiku /
Fig. 2. Seasonal effect on total bacterial count in milk

Konstatgjam ar, ka rudeni un ziema bija vislielakais skaits kvalitates
prasibam neatbilstoso paraugu (kur KBS parsniedza 100 tikst. kvv mLY),
attiecigi 21.0% un 20.6% (pavasari un vasara neatbilstoSo paraugu skaits
sastadija attiecigi 11.9% un 8.3%).

Elmoslemany ar autoru kolektivu (2010) ir izteicis pienémumu, ka
sezonalas izmainas piena mikrobiologiskaja piesarnojuma rada ne tikai gaisa
temperatiira un nokrisnu daudzums, bet arT ganampulka menedzmenta patnibas,
kas ietver sanitari higi€nisko situaciju novietné un ganibas. lesp&jams, ka lielais
piesarnojums ar baktérijam ziema un rudeni analiz€tajos paraugos misu
apsekotajas saimniecibas bija saistits ar sanitari higi€niskas situacijas
pasliktinasanos novietn€ un ganibas sakara ar kitstaves periodu un
nepietiekamu higiénu govju stavvietas, ka ari, rudeni valdo$a mitruma dgl.

1.2. Piena paraugos izolétas bakterijas

No partikas drosibas un kvalitates viedokla baktériju klatblitne piena
izraisa tris nozimigas problémas: mikrobialo toksinu klatbitni, biofilmu
veido§anos un nevélamu fermentu klatbitni piena (Pukancikova et al., 2016).
Turklat, daudzas no baktérijam, kuras atrodamas veselos govju piena dziedzeros,
noteiktos apstaklos spgj ierosinat tam mastitu. Miisu p&tjjuma otrais uzdevums
bija noskaidrot prevalgjosos subkliniska mastita ierosinatajus.

No pétijuma laika 540 izmekl€tajiem piena paraugiem, preval&joSie
mikroorganismi bija KNS 30.9% paraugos, S. aureus 25.2% paraugos,
Enterobacteriaceae dzimtas mikroorganismi 13.7% un K. kristinae 13.1%
paraugos.  Retak  izolgjam  Micrococcus  spp. (7.0%  paraugos),
Corynebacterium spp. (5.4% paraugos), Streptococcus spp. (4.6%) un
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Bacillus spp. - 4.3% paraugos. Citus mikroorganismus izolgjam 11.9% paraugos,
bet 5.6% paraugos baktériju augums kultivé$anas laika neizveidojas.

Ir zinams, ka ierosinataju veidam/sugai ir nozimiga ietekme uz kopgjo
bakteriju skaitu un somatisko §tinu skaitu piena. Daudzi autori ir atradusi bitisku
sakaribu starp SSS un tesmena veselibu, kur SSS, kas lielaks par 200 tikst.
$inam mL7? liecina par sekrécijas traucgjumiem vai mastitu (Dohoo, Leslie,
1991; Schepers et al, 1997; Moretti et al., 1998). Ka zinams, galvenie ierosinataji
(t.sk. S.aureus, Str. agalactiae un koliformas) izraisa butiski lielaku somatisko
Stunu skaita pieaugumu neka maznozimigie mastita ierosinatdji (piem.,
Corynebacterium bovis un KNS) (Souza et al., 2016; Kocina, 2011; Oikonomou
et al., 2014). Atbilstosi Eiropas Parlamenta un Padomes Regulas Nr. 853/2004
III pielikuma IX sadalas I nodalas III dalas 3. punkta noteiktajiem krit€rijiem,
pielaujamais somatisko $inu skaits svaigpiena ir Iidz 400 tiikst. kvv mL™,

M@s konstatgjam (skat. 3. att.), ka viskrasako SSS palielina$anos piena
izsauca S aureus (739+96  tukst. mL%), Corynebacterium  spp.
(1059+464 tukst. mL™Y) un S. aureus asociacija ar Enterobacteriaceae dzimtas
bakterijam (1607+405 tikst. mL™2).

Nav auguma / No growth —-1:
Micrococcus _:—I
KNS/ CoNS — memmiy=
KPS/ CoPS
Streptococcis
Kocuria kristinae
Enterobacteriaceae
S.aureus
Bacillus
Corvnebacterium
S.aureus + Enterobacteriaceae

0 500 1000 1500 2000

Somatisko Sinu skaits, sinas x 10° mL”!
/ Somatic cell count, cells x 10° mL7

augstaka pielaujama robeza kvalitativa svaigpiena / the highest permissible value
for hygienic raw milk; === augstaka pielaujama robeza vesela piena dziedzeri / the
highest permissible value for healthy mammary gland; KNS | CoNS — koagulazes
negativie stafilokoki / coagulase negative staphylococci; KPS | CoPS - koagulazes
pozitivie stafilokoki / coagulase positive staphylococci

3. att. Somatisko Siinu skaits piena saistiba ar izolétajiem
mikroorganismiem /
Fig. 3. The association between somatic cell count and isolated
microorganisms
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Bet piena paraugos ar Micrococcus spp. un negativu bakteriologiju SSS
vidgji neparsniedza 200 tikst. mL?, kas atbilst veselam piena dziedzerim.

Daudzi pétnieki ir parliecinajusies, ka svaigpiena mikrobiologiska
piesarnojuma Itmeni ietekme govju veseliba un tiriba, apkartgjas vides tiriba,
kura govis tiek turtas un slauktas, arT tesmenu sagatavosanas panémiens pirms
slauksSanas, slauksanas tehnika, slaukSanas aparatiiras un piena cisternu tirisanas
un dezinfekcijas metodes, atdzes€Sanas atrums un piena uzglabasanas laiks
(Oleggini et al., 2001; Jayarao et al., 2004; Cempirkova, 2006; Coorevits et al.,
2008; Vacheyrou et al., 2011; Mallet et al., 2012). Viena varda visus $os
nozimigos faktorus var dévét par ganampulka un slauk$anas menedzmentu.

Miisu iegiitie rezultati par mikroorganismiem piena liek domat, ka Latvija
biologiskajas piensaimniecibas slaucamo govju ganampulka un slaukSanas
menedzmentu veiksmigak Tsteno saimniecibas, kuras ir no 31 lidz 60 govim
novietng, tatad vidgji lielas saimniecibas, par ko liecina: (1) vismazakais kopgjais
bakteriju skaits (videji 31.0+5.0 takst. kvv mL™?), (2) mazs mikrobiologiskas
kvalitates prasibam neatbilsto§o paraugu skaits (8.2%), (3) batiski mazaks
vid&jais somatisko $inu skaits (349+48 tikst. mL1) neka mazajos un lielajos
ganampulkos, (4) ka arT butiski mazaka koliformu bakteriju izplatiba (11.1%)
neka lielo ganampulku piena.

2. Imiinmodulatoru komponentu un kompoziciju
antibakterialas aktivitates izveértéSana in vitro apstaklos

Viena no perspektivam pieejam infekcijas slimibu arsté$ana ir
imtinmodulacija. Dzivnieku veselibas konteksta imiinmodulacija tiek definéta ka
sp€ja uzlabot dzivnieka rezistenci pret infekcioziem agentiem un stresa faktoriem
ar noliiku veicinat dzivnieku produktivitati. Savukart vielas, kuras tiek pielietotas
imtinmodulacija, tiek sauktas par imiinmodulatoriem (Dhama et al., 2015).

Govs piens satur daudzas imunologiski aktivas vielas ar antibakterialu
aktivitati, bet vienas no svarigakajam ir lizocims un laktoferins (Lucarini, 2017).
Pedgjas paris desmitgades imiinmodulatoru terapeitiska ietekme ir pétita plasi,
un $o pétijumu rezultati liek domat, ka $ada veida sist€émiska organisma imiinas
reaktivitates ierosinasana varétu novérst subkliniska mastita attistibu kliniskaja
mastita vai pat veicinat piena dziedzeru izveseloSanos.

Nemot véra petijuma 1. etapa iegltos rezultatus, ka preval&joSie
ierosinataji biologiskas razosanas slaucamo govju ganampulkos bija koagulazes
negativie stafilokoki, S. aureus, Enterobacteriaceae dzimtas mikroorganismi un
K. kristinae, un So ierosinataju sastopamiba piena bija saistita ar paaugstinatu
SSS, més to tirkultiiras pielietojam, lai in vitro apstaklos talak izveértétu
iminmodulatoru komponentu un kompoziciju antibakterialo aktivitati un
izveéletos vienu kompoziciju subkliniska mastita arstésanai (skat. 1. tab.).
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1. tabula / Table 1
Komponentu antibakteriala iedarbiba uz mikroorganismiem in vitro /
Antibacterial activity of componentes on mastitis pathogens in vitro

Mikroorganismu kultiiras / Pathogens

Imiinmodulatoru komponenti /
Immunomodulating components

1. S. aureus ®

2. S. aureus®

3. S. saprophyticus

4. S. haemolyticus

. E. coli

6. S. liquefaciens

7. C. freundii
Vidgji / Average

n

augSanas aiztures zona, mm / zone of
growth inhibition, mm

18.5 [19.5 19.5 18.5 20.0 18.0 [15.0 [18.4

Lizocims / Lyzozyme (AppliChem
GmbH, Vacija)

Laktoferins / Lactoferrin (Vacija) 8.0 |9.0 [11.0 (8.0 (8.0 |9.0 11.0 |91

Laktoferins / Lactoferrin (RSU MVI) |0.0 10.0 |0.0 10.0 0.0 (0.0 |0.0 |29

Pienskabe / Lactic acid (BDH
Prolabo, Trija)

Kazeins / Casein (RSU MVI) 0.0 /0.0 |0.0 |0.0 (0.0 |0.0 |0.0 (0.0

123 | - [12.7 243 |83 [17.0 [18.7 [15.6

Celtekas ekstrakts / Psyllium extract

(RSU MVI) 0.0 |70 |0.0 (0.0 [0.0 |0.0 |0.0 |10
Kumelites ekstrakts / chamomile

extract (RSU MVII) 70 |7.0 (120 (7.0 |80 (8.0 0.0 |7.0
L. helveticus glikopeptids
10° kvv g/ glycopeptide 10°cfu g!  114.2 |0.0 [12.2 |0.0 [11.0 |0.0 [0.0 |6.2
(RSU MVI)

aS. aureus (tipisks celms / typical strain), ® S. aureus (mazo koloniju variants / small
colony variants)

Izvertgjot atsevisku dabigo vielu komponentu antagonistisko efektu uz
mastitu ierosinataju kultiram, ka redzams 1. tabula, vislielako antibakterialo
aktivitati in vitro uzradija lizocims (15.0 Iidz 19.5 mm), pienskabe (8.3 lidz
24.3 mm) un laktoferins (8.0 lidz 11.0 mm), kas visas ir pienskabes baktériju
izcelsmes imunologiski aktivas vielas, tapéc Sie komponenti, kurus dabigi satur
govs piens, izmantojam ari turpmak, veidojot iminmodulgjoso kompoziciju
mastita ierobezoSanai govim.

Ir zinams, ka lizocims, darbojoties viens pats, lizé Gram-pozitivo
bakteriju Stinu sieninu pamatsastavdalu - peptidoglikanu, izraisot §tinu bojaeju.
Tiesi §1s lizoctma Tpasibas del ir iesp&jams novérot ta antibakterialo iedarbibu
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in vitro (Lawrence, Pane, 2007). Turpreti Gram-negativie mikroorganismi pret
lizoctma destruktivo ietekmi ir daudz izturigaki, jo to S§Gnu sieninas satur
apméram piecas reizes mazak peptidoglikana, bet ir aizsargatas ar lipidu un glotu
slani (Lawrence, Pane, 2007). Miisu parbauditajam lizocimam antibakterialo
iedarbibu novérojam Iidziga méra gan pret Gram-pozitivajam (18.5-19.5 mm),
gan pret Gram-negativajam baktérijam (18-20 mm), bet mazaka nomakuma zona
bija Citrobacter freundii bakterijam (15.0 mm) (skat. 1. tab.).

Laktoferina antibakterialas iedarbibas pamata, pirmkart, ir sp&ja saistit
dzelzi, Iidz ar to padarot to nepieejamu patogénajam bakterijam, turpretim
veicinot labvéligo baktériju augSanu. Otrkart, laktoferins izraisa Gram-negativo
bakteriju $unapvalku bojajumus (Kutila et al., 2003; Panwar, 2014). Mg&s
parbaudijam divu veidu laktoferinu, t.i., RSU kolégu no pirmpiena izdalito
laktoferinu un no Vacijas iepirkto, ripnieciski razoto, laktofertnu. No pirmpiena
izdalttais laktoferins antibakterialo aktivitati (10 mm nomakuma zonu) uzradija
tikai pret divam kulttiram, un abas bija Gram-pozitivas bakterijas, t.i., S. aureus
mazo koloniju variants un S. haemolyticus. Savukart no Vacijas iepirktais
laktoferins izradija vidgji lielu antagonistisko aktivitati pret visiem
parbauditajiem mastita ierosinatajiem (8 Iidz 11 mm diametra) (skat. 1. tab.).

Pienskabe ir pienskabes baktériju vielmainas galaprodukts, kas iznicina
daudzas patog€nas baktérijas vai vismaz nomac to augSanu. Antibakterialas
iedarbibas pamata ir pH samazinasanas (Widyastuti et al., 2014), un mes
novérojam, ka redzams 1. tab., ka pienskabei ar neitraliz€tu pH joprojam piemit
visai augsta antagonistiska ietekme uz visu septinu parbaudito patogéno bakteriju
augsanu, t.i., vidgji 15.6 mm.

Pedgjos gados aktivi notiek petijumi par arstniecibas augiem, ar mérki
noteikt to potencialu infekcijas slimibu arst€Sana. Ir pétijumi, kuri zino par
fitoterapeitisko zalu Iidzeklu lielo imiinmodulatoro potencialu, kam pateicoties
iespgjams panakt efektivu stavokla uzlaboSanos un pat pilnigu izveselo$anos gan
klinisko, gan subklinisko mastitu gadijumos (Abaineh, Sintayehu, 2001; Verma,
Nauriyal, 2009; Umadevi, Umakanthan, 2010).

Mg&s parbaudijam lielas celtekas (lat., Plantago major) lapu ekstraktu un
arstniecibas kumelites (lat., Matricaria recutita) ekstraktu. leguvam rezultatus,
ka musu parbauditajam celtekas ekstraktam bija zema antibakteriala aktivitate,
kas izpaudas tikai pret vienu no mikroorganismiem — S. aureus mazo koloniju
variantu. Misu parbauditajam kumeli$u ekstraktam vislielaka antagonistiska
aktivitate bija pret S. saprophyticus (12 mm).

Turpmak mes parbaudijam arT vairaku kompoziciju antibakterialo
aktivitati (skat. 2. tab.).
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2. tabula / Table 2
Kompoziciju un kontroles preparatu antibakteriala aktivitate in vitro /
Antibacterial activity in vitro of compositions and control preparations

Mikroorganismu kultiiras / Pathogens
v
R < ¢
B 5 S
.. E 2 S| 2
Imanmodulatoru kompozicijas / 2 2 § § - % Tz
Immunomodulating compositions § § §; § § = § :'-g
Gla Y| Y| H| Y g7
- o ] < o © ~
augganas aiztures zona, mm / zone of
growth inhibition, mm
Kazeins un L. helveticus glikopeptids
107 kvv! / Casein and L. helveticus 0.0 |0.0 |0.0 |0.0 |80 (0.0 |00 |11
glycopeptide 107 cfu g”!
Lizocims un L. helveticus
glikopeptids / Lysozyme and L. 9.0 /0.0 |0.0 |8.0 (0.0 |0.0 |0.0 |24
helveticus glycopeptide
Lizocims 100 mg, laktoferins 100 mg,
glikopeptids 10 mg, pienskabe 1 mL /
Lysozyme 100 mg, lactoferrin 155 15.0 17.0 15.0 17.0 15.0 15.0 |15.6
100 mg, glycopeptide 10 mg, lactic
acid 1 mL
Lizocims 100 mg, laktoferins 100 mg,
glikopeptids 10 mg, pienskabe 1 mL,
celtekas koncentrats 1 mL / Lysozyme
100 mg, lactoferrin 100 mg, 18.0 [18.5 [19.0 20.5 20.0 18.0 [19.5 |19.1
glycopeptide 10 mg, lactic acid 1 mL
and Psyllium extract
Kompozicija GLP 810: glikopeptids
10 mg, lizocims 300 mg, pienskabe
500 mg / Composition GLP 810: 10.0 15.0 (0.0 (0.0 (9.0 [0.0 |0.0 |4.9
glycopeptide 10 mg, lysozyme
300 mg, lactic acid 500 mg
kontroles preparati / control preparations
Synulox LC 41.3 46.7 453 24.0 [12.0 22.0 22.3 [30.5
Tetra-Delta 50.0 50.0 33.0 [15.0 25.0 24.0 26.0 [31.9
Eurofit Gel 41.0 49.3 32.0 24.0 22.0 23.0 24.0 [30.8
0.9% NaCl 0.0 |0.0 |0.0 |0.0 (0.0 |0.0 [0.0 |0.0

3 S.aureus (tipisks celms / typical strain), ® S.aureus (mazo koloniju variants / small

colony variants)
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Kompozicija, kas sastav&ja no kazeina un glikopeptida uzradija nelielu
antagonistisku aktivitati pret E. coli kultiiru (8.0 mm), bet kompozicija, sastavosa
no lizocima un glikopeptida — pret S.aureus tipisko celmu (9 mm) un S.
haemolyticus (8 mm).

Kompozicija, kuras sastava bija lizocims, laktoferins, pienskabe un
L. helveticus glikopeptids radija vidgji 15.6 mm lielu nomakuma zonu. V&l
lielaka antibakteriala aktivitate tika noverota lidziga sastava kompozicijai, kas
papildinata ar celteku koncentratu, t.i., vidgji 19.1 mm.

Misu parbaudita kompozicija GLP 810, kuras sastava tika icklautas
vielas ar vislielako antibakterialo aktivitati, t.i., lizocims un pienskabe,
kombinacija ar L. helveticus glikopeptidu, Uzradija antagonistisku iedarbibu pret
abu tipu S. aureus celmiem un ari pret E. coli, veidojot no 9.0 lidz 15.0 mm lielu
auguma nomakumu, un So kompoziciju mes izvelgjamies ka optimalako
variantu, lai veiktu jaunizveidota imtinmodulatora ar antibakterialu iedarbibu
parbaudi talak in vivo apstak]os.

Jebkuras vielas iedarbibas pamata loti svariga ir tas hemolitiska
aktivitate un sterilitate, tapec mes veicam komponentu un kompoziciju
hemolitiskas aktivitates parbaudes. Péc 24 h inkubacijas 37 °C temperatiira
neviens no miasu parbauditajiem imanmodulatoru komponentiem un
kompozicijam neradija hemolizi asins agara, ka arT uz asins agara barotnes
mikroorganismu augums neveidojas, 1idz ar to ir pielietojamas intramammarai
lietoSanai.

3. Iminmodulatoru darbiba in vivo apstaklos

Pétijuma 2. etapa noskaidrojam, ka vielas, kas uzradija vislielako
antibakterialo aktivitati in vitro - bija lizocims, pienskabe un laktoferins.
Savukart kompoziciju GLP 810, kuras sastava tika ieklauts lizocTms un
pienskabe, kombinacija ar imiinmodulatoru L. helveticus, mes izvélgjamies ka
optimalako variantu, lai veiktu talak jaunizveidota imtnmodulatora ar
antibakterialu iedarbibu parbaudi in vivo apstaklos govim ar subklinisko mastttu.

3.1. Mastita ierosinataji piena

Viena no svarigam imiinmodulatoru ipasibam, kas lauj tos izmantot
infekcijas slimibu profilaksé un arstéSana, ir to antagonistiska iedarbiba pret
patog€najam baktérijam, taja pasa laika neradot nelabvéligu efektu uz dabigo
mikrobiotu (Banos et al., 2013). In vivo pétijumos ir labi pieradita lizocima un
pienskabes antibakteriala aktivitate ka dala no nespecifiskas dabigas imunitates
(Brul, Coote, 1999; Benkerroum, 2008; Ella et al., 2011; Espeche et al., 2012).

In vivo pétijuma laika més novérojam, ka p&c GLP 810 infiizijam
eksperimentalas govju grupas piena no ierosinatdjiem brivo piena dziedzeru
skaits bitiski palielingjas (no 3 uz 11) un, ka redzams 4. attela, butiski
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samazinajas nosaciti patogéno bakteriju skaits (NPBS) piena paraugos par 87%
(no 51£29 Iidz 7+4 tikst. kww mL?Y) 3. diena un par 92% (lidz
4+2 tikst. kvwv mL™) 7. petijuma diena (p<0.01).

O
<

51

Y N
(== e I e |

h
<

N\

)
(=R ]

kvv x 10 mL! / Count of mastitis
)
(=]

Nosaciti patogéno baktériju skaits,
causing bacteria, cfi x 10° mL!

—
o ©

13 ++ 1
7 +
4
&ﬁ b N
1 3
Laiks, dienas / Time, days

GLP 810, [ Kontrole / Control, + p<0.05, ++ p<0.01

4. att. Nosaciti patogéno bakteriju skaita dinamika /
Fig. 4. Dynamics of mastitis causing bacteria count

Kopuma izmainas NPBS bija statistiski nebiitiskas salidzinot ar kontroles
grupu, jo kontroles grupa, uzsakot petijumu, NPBS, lai ar statistiski batiski
neat$kiras, tomér vid€ji bija zemaks neka GLP 810 pétjuma grupa, t.i.,
13+6 tikst. kvw mL1, Tomér noskaidrojam, ka NPBS no pétijuma 1. uz 3. dienu
bitiski samazinajas (par 97%) eksperimentalas grupas govju piena dziedzeros ar
sakotngji augstu SSS, tatad, subkliniska mastita gadijumos (p<0.05). GLP 810
pétijuma grupas govim ar sakotngji zemu SSS piend un kontroles grupas govim
NPBS izmainas nebija butiskas.

Vairaki pétnieki ir veikusi probiotiku un to izdalito aktivo vielu parbaudes
in vivo slaucamajam govim un ir ieguvusi Iidzigus rezultatus — pateicoties
iedzimtas imtnas sist€émas stimulacijai, patogéno mikroorganismu klatbtitne tiek
ierobezota (Frola et al., 2012; Cao et al., 2007; Kai et al., 2002).

Analiz€jot visus pétfjuma 1. diena iegiitos piena paraugus (n=38),
konstat&jam, ka patogéno bakteériju skaitam parsniedzot 100 tukst. kvv mL?,
100% gadijumos piena dziedzerl norisinajas mastits (p<0.01, Kendala koef.
0.425).
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3.2. Piena kvalitates raditaju izvértésana

Lai izverteétu iminmodulatoru ietekmi uz piena kvalitati, més analiz&jam
gan somatisko $@inu skaita un kopgja bakteriju skaita, gan uzturvielu satura
(tauku, laktozes un olbaltumvielu) daudzuma dinamiku pirms kompoziciju
ievadisanas un kompoziciju pielietosanas laika. Noteicam arT piena paraugos pH
ltmeni.

Krasas izmainas péc kompozicijas GLP 810 infuizijam mé&s konstatgjam
somatisko Sinu skaita, jo SSS, kur$ 1. diena bija 1.6+0.8 milj. $inu mL™, 48
stundu laika pec GLP 810 1. un 3. infuzijas, t.i.,, p&tijuma 3. un 7. diena, bija
bitiski palielingjies (attiecigi lidz 5.8+0.6 milj. un 3.3 milj. $inu mL™), bet
14. diena vairs butiski neatskiras no sakotngja daudzuma piena (skat. 5. att.).

Mo 6

409 5 K3k kK
R

<534 e ++
353,

|§C%“-<‘

>m_\H +

S g2

Z3 s

i
§% 7 T
70}

1 3 5 7 14
Laiks, dienas / Time, days

GLP 810, I Kontrole / Control; + p<0.05, ++ p<0.01 — vs. 1. diena / vs. Ist day,

** p=0.01, **** p=0.000 — GLP 810 vs. kontrole / GLP 810 vs. control;

augstaka pielaujama robeza kvalitativa svaigpiena / the highest permissible value
for hygienic raw milk

5. att. Somatisko $iinu skaita dinamika /
Fig. 5. Dynamics of somatic cell count

Konstatéjam, ka SSS vid&o picaugumu no 1. lidz 5. dienai radija
galvenokart piena dziedzeri ar sakotngji zemu SSS, bet pétfjuma 7. diena SSS
palielinajas arT ceturksnos ar subklinisko mastitu. SSS svarstibas kontroles grupa
ieglitajos piena paraugos bija statistiski nebtitiskas visu p&tijuma laiku, iznemot
5. diena, kad SSS bija statistiski batiski paaugstinajies no 0.8+0.3 milj. uz
1.3+0.5 milj. $Gnu mL.

Misu noveérojumus dalgji apstiprina citu autoru iegutie dati, ka
0.9% NaCl infiizijas neizraisa biatisku SSS palielinasanos piena dziedzeri
(Wellnitz et al., 2014), bet, ievadot piena dziedzeros vielas ar iminmodul&josam
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Tpasibam, pieméram, TNF (Watanabe et al., 2000), rekombinanto liellopu CD14
proteinu (Erskine et al., 2004) un laktoferinu (Kai et al., 2002), ir noverots
somatisko §tnu skaita strauj$ pieaugums.

Autori (Watanabe et al., 2000; Stefanov, Petrovski, 2006; Ogola et al.,
2007; Alnakip et al., 2014) raksta, ka augsto SSS piena rada galvenokart
neitrofilo leikocTtu imigracija piena dziedzera audos. Aktivizeti neitrofilie
leikociti veic ne vien patogéno bakteriju fagocitozi, bet ari izdala nespecifiskas
baktericidas vielas, ka rezultata var samazinaties piena sint€ze un galveno
specifisko piena sastavdalu daudzums, ka arT paaugstinaties piena enzimatiska
aktivitate, kas iedarbojas uz piena olbaltumvielam un taukiem destruktivi.

Tom@ér misu noverojumi neapstiprindja ne izslaukuma, ne piena
sastavdalu daudzuma samazinasanos péc veiktajam preparatu inflizijam, iznemot
laktozes daudzumu, kur§ GLP 810 pétjjuma grupas govju piena butiski
samazinajas no 4.7% 1. diena I1dz 4.1% 3. diena, bet 7. diena laktozes ITmenis
joprojam bija butiski (p<0.001) samazinats, t.i., 4.2% (skat. 6. att.).

Tauku saturs / Milk
fat, %
Laktozes saturs /
Lactose, %

piena pH
E=N (=)} oo

(58]

(=T

Olbaltumvielu saturs /
Protein, %

(=]

1 3 7 )

Laiks, dienas / Time, days Laiks, dienas / Time, days

GLP 810, [ Kontrole / Control; + p<0.05, ++ p<0.01, +++ p<0.001, ++++ p=0.000;
* p<0.05, ** p=0.01, **** p=0.000 — GLP 810 vs. kontrole / GLP 810 vs. control

6. att. Tauku, laktozes, olbaltumvielu saturs piena un piena pH /
Fig. 6. Milk fat, lactose, protein and pH dynamics in milk

Olbaltumvielu daudzums piena péc preparatu infuzijam butiski

neizmainijas (eksperimentalas grupas govju piena tas bija 3.7-3.8% un bitiski
zemaks - kontroles paraugos, t.i., 3.4%). Tauku saturs eksperimentalaja grupa
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ieglitajos paraugos 3. diena bija biitiski paaugstinajies (no 1.6% lidz 2.4%), bet
kontroles grupa bez butiskam izmainam (1.7-2.1%) (skat. 6. att.).

Nemot véra, ka kompozicijas GLP 810 infuzijas neizraisija destruktivu
ietekmi uz uzturvielam piena, secinam, ka neitrofilo leikocttu infiltracija piena
dziedzera audos ir noritgjusi ar kontrol&tu intensitati.

3.3. Govju veselibas stavoklis un piena vizualas parmainas

Petjjuma laika konstatgjam, ka govju kliniskais stavoklis nepasliktinas
(kermena temperatiira, izslaukums, apetite), ka arT piena dziedzeru kliniskais
stavoklis bija bez patologiskam izmainam. Tom@r p&c preparatu infuziju
uzsak$anas abu pétamo grupu piena dazkart tika noverotas vizualas izmainas
piena konsistencé (parslu vai nedaudzu receklu klatbiitne piena), kas butiski
vairak bija GLP 810 petjjuma grupas govim no 3. lidz 6. dienai.

Megs konstatgjam, ka parslu un receklu veidosanos bitiski ietekméja piena
pH (p<0.005), jo tie tika novéroti tikai govim, kuru piena paraugos pH bija
robezas no 6.40-6.52, tatad zemaks neka vid€ji grupa. Turklat S§is piena
konsistences izmainas, iesp&jams, bija saistitas ar paaugstinatu leikocTtu
aktivitati piend, jo receklus un parslas novérojam gandriz tikai tajos piena
paraugos (19 no 20), kuros SSS parsniedza 200 tikst. mL* (p=0.000).

Recekli piena parasti ir kazeina micellaras struktliras degradacijas
rezultats. Autori zino, ka kazeins savu stabilitati zaudg, ja piena pH ir pH 4.6 un
zemaks (Guo, Wang, 2016). Tomér misu iegitie rezultati neapstiprina $adu
iesp€ju, jo pH neviena no analiz&tajiem piena paraugiem nebija zemaks neka 6.2,
turklat olbaltumvielu saturs piena pétfjuma laika butiski nemainijas. Iesp&jams,
ka receklu un parslu veidoSanos pé&c kompozicijas GLP 810 ievadiSanas
tesmenos izraistjusas somatisko $tinu izdalitas proteazes, kas spgj izraisit beta
kazetna hidrolizi un sekojosu proteolizi (Li et al., 2014). Tada gadijuma tomér
proteazu aktivitate piena dziedzeros pétijjuma laika ir bijusi zema, jo to
noverojam fokali.

3.4. Leikocitu dinamika piena un asinis

Leikociti ir im@insistémas $tnas, kas veic daudzveidigas funkcijas, un tos
iedala granulocitos (jeb polimorfonuklearajos leikocitos, PMNL) un
agranulocttos (limfocTti un monociti/makrofagi). Dala leikocttu piena dziedzer1
ir pastavigi klatesosi, tie veicina tesmena audu atjaunoSanos involiicijas laika un
pec iekaisumiem, ka arT nodroSina tilit€ju imiino aizsardzibu infekciozo
ierosinataju invazijas gadijuma (Alnakip et al., 2014).

Lai izverteétu iminmodulatoru kompozicijas GLP 810 ietekmi uz govju
imtinas sisteémas funkcionalo stavokli govju periferaja asinsrité un lokali piena
dziedzeros, me&s noteicam leikocttu skaitu, leikocttu populacijas un limfocitu
subpopulaciju virsmas CD markierus, ka ari analiz§jam leikocitu savstarpgjo
dinamiku starp periféro asinsiti un piena dziedzeriem.
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PMNL ir pirmas $tnas, kuras, infekcijai sakoties, no asinsrites iepliist
piena dziedzera audos. PMNL migracija izsauc mastitam raksturigo paaugstinato
SSS piend, un tas mérkis ir veikt baktriju fagocitozi, producét reaktiva skabekla
molekulas un antibakterialus peptidus, kuri sp€j elimingt plasa spektra mastitu
ierosinosas baktérijas (Oviedo-Boyso et al., 2007). Gan periféraja asinsrite
cirkul&joso, gan piena dziedzer1 pastavigi klatesoSo PMNL lielako dalu sastada
funkcionali nobriedusie segmentkodolainie leikociti.

Ka redzams 3. tabula, eksperimentalas grupas govim péc kompozicijas
GLP 810 infuzijam segmentkodolaino leikocTtu absolitais skaits asinis butiski
nemainijas un visu pétijjuma laiku ieklavas fiziologiskas normas robezas.

3. tabula / Table 3
Segmentkodolaino leikocitu skaita dinamika asinis /
Dynamics of segmented neutrophils in blood

50N =~ = ] g . -
E3% - 8 §\ S § Pé&tijuma diena / Day of study >y
SS5sEl EB | @¢% s g
=5 3858 9% | £8 E R
B2:ES <« | 3 5.
- %O‘E E Y > S c S
EL2§ 25| B3| 1 3. 7. 21. N S
LSS 55 | g0 S
(2207 o o [n g =
“'\_. I o | 1.9 2.3 1.8 2.7
g 5 © |SE 0.7 0.3 0.2 0.2
o S 5 [p ek * >0.05 >0.05 06.
Sl © [ 4 4 4 4 0
2] - x 1.8 452 2.4 2.4 '
g = L3
$ 5 s & | SE 0.3 1.1 0.2 0.5
4 s 5 |» wxk [ 4ys 1.d | >0.05 >0.05
<= = n 5 5 5 5
s | 31.0 335 36.0 432
% |SE 2.9 2.1 2.0 2.0
S5 [p >0.05 * >0.05 |+vs.7.d
° O |q 5 5 5 5 15-
° S - |z 38.7 51.62 4843 5252 45%
S £ |[SE 17 3.2 16 25
ES [p >0.05 * +vs.1.d |+vs. 1.d
o o
< n 5 5 5 5

3 - neieklaujas fiziologiskaja norma / out of range, ® Fielder, 2005, n - paraugu skaits /
number of samples, y, - vidgjais aritmétiskais / average, SE — standartkltida / standart
error, p — p vertiba (salidzinot ar kontroli, biitiskuma limenis apziméts ar *, salidzinot
petamas grupas pa dienam, bitiskuma limenis apziméts ar +) / p value (compared with
control, the significance level is indicated by * compared to the study group per day, the
significance level is indicated by +), */+ p<0.05, **** »p=0.000, d — diena / day, - nav
attlots / not shown
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Turprett kontroles grupas govim segmentkodolaino leikocttu skaits asinTs
pec infuziju uzsakSanas 3. diena bitiski palielinajas (no 1.8+0.3 Iidz
4.5%1.1 x 10°mLY) un parsniedza fiziologisko normu.

Piena (skat. 7. att.) PMNL skaits p&c preparatu (GLP 810 un 0.9% NaCl)
infuziju uzsaksanas bitiski palielinajas 1idziga apméra (par 45-63%) abu p&tamo
grupu govim.
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Laiks, dienas / Time, days

GLP 810, I Kontrole / Control, * p<0.05 — GLP 810 vs. kontrole / GLP 810 vs.
control; + p<0.05, ++ p<0.01, ++++ p=0.000 — vs. 1. diena / vs. Ist day

7. att. Polimorfonuklearo leikocitu daudzums piena /
Fig. 7. Dynamics of polymorfonuclear leucocytes in milk

PMNL savstarpgja dinamika starp periféro asinsriti un pienu liecina par
So leikocitu kompensétu savairo$anos eksperimentalas grupas govju piena
dziedzeros, kas ilga no 3. Iidz 21. dienai periféraja asinsrit€é un no 3. lidz
14. dienai piena dziedzeros. Savukart péc kontroles $kiduma infiizijam kontroles
grupas govju piena dziedzeros radas Tslaiciga (no 3. Iidz 7. dienai) iekaisuma
reakcija ar sekojosu ilgstosu PMNL savairo$anos asinis (no 3. [idz 21. dienai).

Limfocitiem ir noteico$a loma iegiitas imunitates aizsargreakcijas, jo tas
ir vienigas S$iinas, kas, pielietojot specifiskus membranas receptorus, pazist
antigénus, taja skaita patogénas baktrijas (Sordillo et al., 1997). Ka liecina citu
autoru (Banos et al., 2013) novérojumi, limfocttu skaita samazinasanas govim
periférajas asinis padara tas uznemigakas pret saslimSanu, un Sis stavoklis
vienlaicigi norit ar iekaisuma un iedzimtas imunitates efektoro Stnu (t.sk.
monocttu, neitrofilo leikocTtu un NK $iinu) proporcionalu skaita palielinasanos.

Ka redzams 4. tabula, limfocitu skaits eksperimentalas grupas govju
asinis 7. diena uzradija samazinasanas tendenci, kad vidgjais limfocTtu absolitais
skaits bija zem fiziologiskas normas limena. Ari limfocitu relativais daudzums
7. diena bija sava zemakaja punkta, bitiski mazaks neka 1. diena.
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Kontroles govju asins paraugos limfocitu absoltais skaits p&tijuma laika
bija bez butiskam izmainam, bet, vertgjot limfocttu procentualo dalu, ta p&tijjuma
laika izradija tendenci samazinaties, un 21. diena bija butiski zemaka neka
uzsakot petfjumu (4. tab.).

4. tabula/ Table 4
Limfocitu skaita dinamika asints /
Dynamics of lymphocytes in blood

E = >\ :I—H‘ .% at71 1 y ~ =
2 g IS T 8 Pétijuma diena / Day of study =y
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X § 4.0
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$ 5 S & |SE 0.3 0.3 0.1 03
22 | 5 S |» * >0.05 >0.05 | >0.05
<= n 5 5 5 5
S % 57.7 475 377% | 440°
& SE 238 16 2.0 19
- P >0.05 *x +vs.1.d | >0.05
o © n 5 5 5 5 15-
° S < | 4072 28.0° 31.0° | 337 | 45%
S S |[SE 2.7 1.9 2.0 2.6
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2 - neieklaujas fiziologiskaja norma / out of range, ° Fielder, 2005, n - paraugu skaits /
number of samples, y - vid€jais aritmétiskais / average, SE — standartkltida / standart
error, p — p vertiba (salidzinot ar kontroli, biitiskuma limenis apziméts ar *, salidzinot
pétamas grupas pa dienam, butiskuma limenis apziméts ar +) / p value (compared with
control, the significance level is indicated by *, compared to the study group per day, the
significance level is indicated by +), */+ p<0.05, ** p<0.01, d — diena / day, - nav att€lots
[ not shown

Turpretim limfocttu skaits eksperimentalas grupas govju piena (skat.
8. att.) pec GLP 810 infuziju uzsakSanas bitiski palielingjas, kas liecina par
limfocTttu Tslaicigi nekompens&tu migraciju no perifeéras asinsrites uz tesmeni.
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GLP 810, I Kontrole / Control, * p<0.05, **** p=0.000 — GLP 810 vs. kontrole
[ GLP 810 vs. control; +++ p<0.001, ++++ p=0.000 — vs. 1. diena / vs. Ist day

8. att. Limfocitu daudzums piena /
Fig. 8. Dynamics of lymphocytes in milk

Imuno $tnu aktivacijas laika tiek ekspreséti dazadi limfocitu virsmas CD
markieri; dazi no tiem ir iesaistiti Stnu proliferacija, dazi ir indikatori $tnu
nobrieSanai, bet citi atspogulo §iinu funkcionalo aktivitati (Gulbe et al., 2017).

Ka redzams 9. att., pétjjuma laikda novérota limfocitu skaita dinamika
korelgja ar CD45+ §unu skaita izmainam asinis, kas ir T $tinu blastogenézes
markieris (Rivas et al., 2002).
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GLP 810, [ Kontrole / Control, * p<0.05, **** p=0.000 — GLP 810 vs. kontrole /
GLP 810 vs. control; + p<0.05 — salidzinot izmainas pa dienam / compared to the study
group per day

9. att. Absoliitais (A) un relativais (B) CD45+ skaits asinis /
Fig. 9. Absolute (A) and relative (B) number of CD45+ in blood

CD45+ stinu absoliita skaita palielinasanas, jo no 3. lidz 21. dienai §1
markiera daudzums eksperimentalas govju grupas asinis bija biitiski lielaks neka
kontroles grupas govju asinis (par 32-66%), liecina par to, ka péc kompozicijas
GLP 810 ievadiSanas piena dziedzeros ir notikusi T limfocitu migracija no
periféras asinsrites uz audiem.

Analizgjot limfocitu skaita dinamiku asinis un pienda, jasecina par
atseviSku limfocitu subpopulaciju aktivitates palielindsanos un citu
subpopulaciju supresiju péc GLP 810 infuzijam. Jadoma, ka uz piena dziedzeri
notikusi limfocTtu migracija, kas ietekm&jusi galvenokart oy $tinu skaitu, par
kuru liecina CD4+ siinu absolita skaita samazinasanas tendence, ko novérojam
3.un 7. diena eksperimentalo govju asinis (10. (A) att.), un CD8+ §iinu absolita
skaita samazinasanas tendence, kuru konstatéjam 7. diena (11. (A) att.).
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GLP 810, [ Kontrole / Control, ** p<0.01, **** p=0.000 — GLP 810 vs. kontrole /
GLP 810 vs. control; ++ p<0.01 — salidzinot izmainas pa dienam / compared to the study
group per day

10. att. Absoliitais (A) un relativais (B) CD4+ skaits asinis /
Fig. 10. Absolute (A) and relative (B) number of CD4+ in blood

Taja pasa laika CD4+ Stnu ralativais daudzums 7. diena butiski
palielingjas (10. (B) att.), iesp&jams, uz citu limfocitu populaciju rékina, uz ko
norada dabigo galetajsinu (NK Stnu) markiera, CD16+ §tnu relativa skaita
butiska samazinasanas. T-helperu $tinas (CD4+) ir galvenais iegiitas imunitates
reakciju ierosinatdjs un, tas, iesp&jams, ir tikusas iesaistitas akiita iekaisuma
ierosinasana tesment, kur$ ilga lidz 7. dienai (t.i., 48 h p&c p&dgjas infiizijas).

Savukart citotoksisko T limfocttu markieris jeb CD8+ Sanas, kas ir
T- supresori, ar lielu varbitibu, sakot no 7. dienas ir darbojusies ickaisuma
nomak$ana, par ko liecina jau pieminéta CD8+ S§unu absolita skaita
samazinasanas tendence 7. diena. P&tjjuma 21. diena CD8+ S$iinu absolitais
skaits eksperimentalas grupas govju asins paraugos bija btiski lielaks (par 76%)
neka kontroles paraugos (skat. 11. (A) att).
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GLP 810, [ Kontrole / Control, * p<0.05, ** p<0.01 — GLP 810 vs. kontrole / GLP
810 vs. control

11. att. Absoliitais (A) un relativais (B) CD8+ skaits asinis /
Fig. 11. Absolute (A) and relative (B) number of CD8+ in blood

Lidz ar to, ka pé&tijuma 3. diena mes konstatéjam CD4+ Sanu (T-helperu)
skaita samazinasanas tendenci, bet CD8+ $tnu (T-supresoru un T-citotoksisko
limfocitu) skaita nosacitu nemainigumu, rezultata eksperimentalas govju grupas
asinis notika imiinregulatora indeksa samazinasanas (no 2.4 uz 1.2).

CD4/CD8 indekss, kas mazaks par vienu, raksturo zemu imunitati un
augstu uznémibu pret mastitu. Ilgstosi zems CD4/CD8 indekss biezi vien liecina
par nomaktu imunitati un hronisku, subklinisku infekciju (Park et al., 2004;
Alnakip et al., 2014). Tomér musu gadijuma imunregulatora indeksa
samazinasanas, ka redzams 12. att., eksperimentalas grupas govju periférajas
asinis bija Tslaiciga, jo konstat&jam to tikai 3. diena, bet jau 7. diena indekss bija
vienlidzigs sakotn&jam, kas saistits ar bitisko limfocitu kop&ja skaita
samazinajumu govju asinis, ko novérojam 7. diena. P&tijuma 21. diena indekss
eksperimentalo govju asinis bija, lai gan statistiski nebutiski, tom&r véra nemami
samazinajies no sakotngja 2.4 Iidz 1.8 sakara ar CD8+ $iinu Skaita palielinaSanas
tendenci (skat. 12. att.).
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GLP 810, [ Kontrole / Control, * p<0.05 — GLP 810 vs. kontrole / GLP 810 vs.
control; + p<0.05 — salidzinot izmainas pa dienam / compared to the study group per day

12. att. CD4/CD8 imiinregulatorais indekss asinis /
Fig. 12. CD4/CD8 immunoregulatory index in blood

CD16 molekulas reprezente NK $iinas jeb dabigas galétajsunas (13. att.).
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GLP 810, @ Kontrole / Control, * p<0.05, **** »=0.000 — GLP 810 vs. kontrole /
GLP 810 vs. control; + p<0.05 — salidzinot izmainas pa dienam / compared to the study
group per day

13. att. Absolutais (A) un relativais (B) CD16+ skaits asinis /
Fig. 13. Absolute (A) and relative (B) number of CD16+ in blood
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Mg&s novérojam, ka NK sanu daudzums eksperimentalas grupas govim
iev@rojami samazinajas (par apm. 80%) tikai 2 dienas p&c kompozicijas p&dgejas
aplikacijas (7. diend), kas liek domat, ka iegiita imunitate uz imiinmodulatora
kompozicijas GLP 810 klatbiitni piena dziedzeri reag€ 1énak neka T limfociti.

Ir zinams, ka NK Stinas var modulét iegiitas imunitates reakcijas
pateicoties ar citokiniem saistitai agrinai 1. tipa T-helperu produkcijai vai
mijiedarbojoties ar antigénu prezentgjosam Stnam (Banos et al., 2013). Mgs
varam pienemt, ka dabigas galétaj$iinas méginaja ierosinat ieglitas imunitates T-
zara darbibu asinis caur T-helperu (CD4+) agrinu migraciju audos (Gulbe et al.,
2017), uz ko norada tas, ka eksperimentalas grupas govim CD4+ §tinu absoliitais
skaits no 3.-7. dienai uzradija samazina$anas tendenci, savukart relativais T-
helperu skaits 3. diena bija butiski samazinajies, ko izraisjja $o limfocitu
emigracija no periferas asinsrites uz tesmena audiem.

Par T limfocttu un NK $@inu aktivizacijas stavokli p&tijuma laika palidz
spriest So Stnu aktivacijas un proliferacijas markiera, CD69 ekspres€to Stnu
daudzums (skat. 14. att.).
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GLP 810, [ Kontrole / Control, * p<0.05, **** p=0.000 — GLP 810 vs. kontrole / GLP
810 vs. control; + p<0.05, ++ p<0.01, +++ p<0.001 — vs. 1. diena/ vs. Ist day

14. att. Absoliutais (A) un relativais (B) CD69+ skaits asinis /
Fig. 14. Absolute (A) and relative (B) number of CD69+ in blood

Ka liecina dati (14. att.), driz p&c pétijuma uzsaksanas, 3. diena, CD69+
skaits bitiski (p<0.001) samazinajas, un So Sunu daudzums 21. diena vél
joprojam bija ievérojami mazaks neka pirms infiiziju veikSanas (p<0.01), kas,
iespgjams, liecina par aktiviz€to limfocitu migraciju uz piena dziedzeri.
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NK stinu un CD69 stinu skaita viszemakais [Tmenis gan eksperimentalas,
gan kontroles grupas govju asinis bija 7. diena, bet 21. diena So $iinu skaits
GLP 810 petijuma grupa uzradija palielinaSanas tendenci.

Piena dziedzerl ierosinatas iekaisuma reakcijas bija ilgstoSas. Veicot
leikocttu diferencialo skaitiSanu piena, noverojam, ka GLP 810 infuziju raditas
izmainas PMNL skaita (pieaugums par 50-60%), limfocttu skaita (pieaugums par
60%) un makrofagu skaitad (samazinajums par 65%) ilgst visu novérojuma
periodu, no 3. lidz 14. dienai. Kontroles grupa butiskas izmainas S$tnu
sadalfjuma, kur PMNL skaits palielinajas par 50-60% un makrofagu skaits
samazinajas par 30-75%, ilga I1dz 7. dienai, bet 14. diena bija atgriezies sakotngja
stavokli.

Ieprieks aprakstita imtinstinu kinétika raksturo celularas imunitates norisi
ka agrinu reakciju uz imiinmodulgjosas kompozicijas aplikaciju piena
dziedzeros. Pazimes par humoralas imunitates aktivizéSanos mes konstatgjam
velu, petijuma 21. diena.

CD4+ daudzums asinis, ka norada pétnieki (Asai et al., 1998), korele ar
IL-2 receptorus nesoSajam §inam CD25+ (skat. 15. att.). Zinams, ka IL-2 stimulé
B limfocttu aug$anu un diferenciaciju, aktivé NK Stinas, ierosina T limfocitu
aktivaciju un veicina laktoferina sekréciju. Lidz ar to, IL-2 ir liela nozime iegiitas
imunitates atbildes reakcijas norisés (Malek, Castro, 2010).

. 200 6
-~ IS ¥
g 8 4
E 4 ~ 3
43 150 S 7 *
= 9 . —
S+ £44
e * s Q
23 (| S
= Hk S
22 100 ks 233
g °o +++ 28
< & * + g
RS — n £ 2
=S Qs
5 50 a g
n = ++ o =
+ 2 AN ER!
v = ~
o~ = Q
A 3 ~
O é 0 0

1 3 7 21 A 1 3 7 =21 B
Laiks, dienas / Time, days Laiks, dienas / Time, days

GLP 810, [0 Kontrole / Control, * p<0.05, ** p<0.01, **** p=0.000 — GLP 810 vs.
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15. att. Absolutais (A) un relativais (B) CD25+ skaits asinis /
Fig. 15. Absolute (A) and relative (B) number of CD25+ in blood
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ArT més kompozicijas izpétes laika novérojam CD4+, CD8+ un CD25+
$tnu skaita samazinaSanas tendenci asinis, bet 21. diena strauji picauga IL-2
receptorus nesosas §iinas, salidzinot ar 7. dienu (p=0.000), kas norada uz velinu
T limfocttu aktivaciju periferaja asinsrité. Turklat, iespg&jams, ka CD25+ §tnu
savairo$anas ir ietekm&jusi ar1 B limfocttu aktiviz€Sanos, par ko liecina CD19+
$tnu absolita skaita palielinasanas tendence eksperimentalas grupas govju asinis
pétijuma 21. diena (vs. 7. diena).

3.5. Iekaisuma citokinu ekspresija

Lai izvertetu iekaisuma gaitu piena dziedzeros, tika veikta imanreaktivo
§inu iezZime&Sana un noteikta interleikina 1 (IL-1), audzgju nekrozes faktora—alfa
(TNF-a), interleikina 10 (IL-10), beta-defensina 2 (BD-2) un kaspazes-6
ekspresija leikocTtos.

IL-1 un TNF-a ir galvenie iekaisumu veicinosie citokini, un tie ir iesaistiti
gan lokalas, gan sistemiskas imtnatbildes noris€, stimulgjot neitrofilo leikocttu
hemotaksi no periféras asinsrites uz piena dziedzera audiem, kur tie ierodas jau
dazas minttes p&c infekcijas sakuma (Rainard, 2000; Alluwaimi, 2004; Oviedo-
Boyso et al., 2007; Abbas et al., 2014). Veselos piena dziedzeros TNF-a
klatbatne netiek konstatta (Bannerman, 2009).

Petfjuma sakuma pirms preparatu infuzijas uzsaksSanas més konstatgjam,
ka abu p&tamo grupu piena TNF-a ir sastopams galvenokart makrofagos neliela
daudzuma, ar lidzigu biezumu (16-25%), bez korelacijas ar SSS un patogénajam
bakterijam. Ka redzams 16. att., uzsakot kompozicijas GLP 810 infuzijas,
TNF- o daudzums eksperimentalo govju piena dziedzeros kopuma palielinajas
par apm. 130% un turpmakaja novérojumu perioda no 3. lidz 7. dienai palika
nemainigi augsta [iment, kas liecina par §7 citokina nozimi iekaisuma uzturéSana,
t.i., PMNL aktivitates uzturéSana, jo, ka zinams, attiecigaja perioda no 3. lidz
7. dienai ari PMNL skaits piena bija bitiski paaugstinats, bet ickaisuma laika
neitrofilie leikocTti ir galvenie $1 citokina izdalitgji.

45



1.diena/ Istday  3.diena/3rdday  7.diena/ 7th day

TNF-a

GLP 810
(2=19)

m nav / negative, gg maz / few, g vidgji daudz / medium high

16. att. TNF-a. ekspresija piena imansanas /
Fig. 16. TNF-a expression in milk leukocytes

Mges konstatéjam, ka TNF-a ekspresija bija bitiski liclaka paraugos ar
augstu SSS (vidgji 3.420.3 milj. $Gnu mL™) neka paraugos ar zemu SSS (vidgji
72.0+8.4 tikst. $inu mL™?), ka arT citokina izdali 1. diena konstatgjam tikai tajos
piena paraugos, kuros PMNL skaits bija lielaks neka 10%, bet limfocttu skaits —
mazaks neka 10%, un $§ads leikocttu sadalijums ir raksturigs infic€tam piena
dziedzerim (Alhussien et al., 2015).

IL-1, tapat ka TNF-q, ir ickaisumu veicinoSs citokins, bet ir zinams, ka
IL-1 daliba mastita patogenézé nav iz8kiro$a, un tas nozimigumu ietekm@
ierosinataja veids (Shuster, Kehrli, 1995; Alluwaimi, 2004).

P&c kompozicijas GLP 810 ievadiSanas, IL-1 ekspresija piena dziedzeros
pakapeniski samazinajas, un 7. diena ta bija par apméram 80% mazaka neka 1.
diena (skat. 17. att.)
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1. diena / Ist day 3. diena / 3rd day 7. diena/ 7th day
IL-1

GLP 810
(n=19)

Kontroles govju
piena paraugos (n=4) IL-1 ekspresija netika konstatéta /

IL-1 expression was not detected in control milk
samples (n=4)

m Nav / negative, gg maz / few

17. att. IL-1 ekspresija piena imiin§anas /
Fig. 17. IL-1 expression in milk leukocytes

Domajams, ka IL-1 izdaliSanas samazinajas sakara ar (1) makrofagu
skaita samazinasanos, (2) pretiekaisuma citokina IL-10 pieaugoso izdaliSanos un
(3) apoptozes aktivitates palielinasanos. Piena par to liecina kaspazes-6
imtnreaktivo Stinu sastopamibas pieaugums 3. diena par apméram 60% un
makrofagu skaita samazinaSanas par vid€ji 65%, sakot ar 3. dienu, un Sis
makrofagu skaita procentualais samazinajums 7. diena bija pat vél mazliet
pieaudzis (70%).

To apliecina arT citi autori, ka IL-1 galvenais izdalitajs ir monociti asinis
un makrofagi piena, bet apoptozes rezultata IL-1 daudzums samazinas
(Alluwaimi, 2004; Lopez-Castejon, Brough, 2011).

Analizgjot noteikto iekaisumu veicinoSo citokinu (IL-1 un TNF-a)
dinamiku, varam secinat, ka miisu pielietota kompozicija GLP-810 ir izraisTjusi
kontroletu iekaisuma reakciju tesmenos, ka rezultatd samazinajas patog€no
mikroorganismu skaits piena un radas islaicigi trauc&jumi piena sekrécija.

Beta defensinu-2 raksturo baktericida ietekme uz patogénajiem
mikroorganismiem un iminmodul&osa ietekme gan specifiskas, gan
nespecifiskas imunitates ietvaros. Beta defensini veicina plaSa spektra leikocitu
hemotaksi uz iekaisuma vietu (Luenser, Ludwig, 2005; Meade et al., 2014).

Misu veiktaja pétijuma BD-2 izdale biezuma un intensitates izteiksmé
eksperimentalas govju grupas piena palielingjas jau 3. diena péc GLP 810
infuziju uzsakSanas, bet bitiski palielinajas 7. diena, kad 80% no piena
dziedzeriem bija sekrécijas traucgjumi un lielaka dala no tiem (93.3%) saturgja
BD-2 (skat 18. att.).
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1.diena/ Istday  3.diena/3rdday  7.diena/ 7th day

BD-2

GLP 810
(2=19)

m nav / negative, gg maz / few, gg vidgji daudz / medium high, gg daudz / high

18. att. BD-2 ekspresija piena imansanas /
Fig. 18. BD-2 expression in milk leukocytes

Septita diena raksturojas arl ar viszemako nosaciti patog€no bakteriju
skaitu, zemako S. aureus, Enterobacteriaceae dzimtas un Staphylococcus spp.
bakteriju skaitu piena. Secinam, ka BD-2 aktivitate p&c GLP 810 infuzijam
palielinajas, un tai bija sava, iesp&jams, ka nozimiga loma patogéno bakteriju
eliminéSana, PMNL un limfocttu migracijas veicina$ana uz piena dziedzeriem.
Kontroles grupa BD- 2 konstat&jam variabli un novérotas izmainas bija statistiski
nebitiskas.

IL-10 pieder galvena loma iekaisuma nomak$ana, un ta darbibai ir
aizsargajoss efekts, ierobezojot audu bojajumus un veicinot audu atjaunosanos
péc infekcijam (Asadullah et al., 2003; Bannerman, 2009).

Més konstatgjam, ka, lidz ar PMNL skaita palielinaSanos piena, pétijjuma
laika IL-10 ekspresijas biezums un intensitate eksperimentalas govju grupas
piena paraugos butiski palielinajas un visaugstaka IL-10 aktivitate bija 7. diena
(p<0.01), kad $o citokinu konstat€jam gandriz visos (18 no 19) eksperimentalas
govju grupas piena paraugos, un lielakaja dala (58%) no tiem Stnas IL-10
saturéja vidgji liela koncentracija. Kontroles grupas ceturksnos IL-10 ekspresija
pétijuma laika uzradija samazinasanas tendenci (skat. 19. att.).

IL-10 nozimi iekaisuma mazinasana apstiprina noverojums, ka $§1
imunregulatora citokina ekspresija bija biutiski lielaka piena ar paaugstinatu
somatisko $tunu (Kendala koef. 0.774, p=0.000) un kopgjo bakteériju skaitu
(Kendala koef. 0.676, p=0.005).
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1.diena/ Istday  3.diena/3rdday 7. diena/ 7th day
IL-10 \ |

GLP 810
(2=19)

Kontrole / 25%
Control
(n=4)

m nav / negative, gg maz / few, gg vidgji daudz / medium high, gg daudz / high

19. att. IL-10 ekspresija piena imiin$iinas /
Fig. 19. IL-10 expression in milk leukocytes

In vitro petijumos ir noskaidrots, ka IL-10 nomac CD4+ §tnu proliferaciju
un inhibg citokinu veidoSanos $ajas §linas, galvenokart ietekmejot Thl limfocttu
subpopulaciju. Uz CD8+ §tinam IL-10 neiedarbojas supresivi, dazos apstaklos
pat aktivéjot imtnregulatoros T limfocitus. Savukart pretiekaisuma citokina
ietekme uz NK S$tnam galvenokart esot stimul€joSa, uzlabojot So Sinu
citotoksisko aktivitati (Asadullah et al., 2003).

Ar1 miisu pétfjums pieradija, ka IL-10 aktivitate GLP 810 p&tijuma grupas
govju piena dziedzeros ir nodro$indjusi balansétu iekaisuma reakciju ar celularas
imunitates aktivizé$anos lokali piena dziedzeros, kas ilga lidz p&tijuma 14. dienai
(jeb 9 dienas péc p&dgjas inflizijas) un rezultgjas ar patogéno bakteriju skaita un
vidgja SSS samazinasanos.

Lidz ar to, ir pieradita promocijas darba hipotéze, ka, pielietojot govim
intramammari dabigas vielas ar imiinmodul&osam ipaSibam, ir iesp&jams
pastiprinat organisma vispargjo un piena dziedzeru lokalo iminatbildi, kas
rezultetos ar mastita ierosinataju klatbtitnes ierobezoSanu tesmeni. Turklat mes
konstatgjam, ka kompozicijas GLP 810 intramammaro infliziju ierosinata
imtinmodulacija bija balanséta, ietverot vienlaicigi fagocitisko §iinu migraciju uz
tesmena audiem un pretiekaisuma faktoru izdali, kas nodrosinaja kontrol&tu §tinu
imunitates aktivéSanos fiziologiskas normas robezas laika no 3. lidz 14. pétijuma
dienai, ka arT iesp&jamu humoralas imunitates aktivésanos 21. diena.
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SECINAJUMI

Piena kvalitates prasibam neatbilstoSus paraugus (vairak neka
100 tikst. baktériju kvv mL™), kas iegiiti no biologiskiem piena
razoSanas ganampulkiem, visbiezak konstateé rudeni (21.0%) un
ziema (20.6%), bet pavasarT un vasara neatbilstoSo paraugu skaits
sastada attiecigi 11.9% un 8.3%. Vislielako kopgjo bakteriju skaitu
(vidgji 243 tiikst. kvv mL 1) konstaté rudeni iegiita piena, bet pargjos
gadalaikos bakteriju skaits ir biitiski zemaks (24-72 tikst. kvv mL™?).
Lielo ganampulku piena ir vislielakais kopgjais bakteriju skaits
(180 tikst. kvv mL™), mazaks tas ir mazajos un vidgja lieluma
ganampulkos (attiecigi 48 tiikst. un 31 tikst. kvv mL™?). Dazu
baktériju klatbutne, t.i., K. kristinae un Corynebacterium spp., ir
raksturiga mazo ganampulku piena, bet Enterobacteriaceae dzimtas
mikroorganismi tiek izoléti galvenokart no lielo ganampulku piena.
Visbiezak no piena izolétie mikroorganismi ir koagulazes negativie
stafilokoki ~ (KNS)  30.9%  paraugos, S. aureus  25.2%,
Enterobacteriaceae dzimtas mikroorganismi 13.7% un K. kristinae
13.1% paraugos. Retak izole Micrococcus, Corynebacterium,
Streptococcus un Bacillus spp. (4.3-7.0%). Vislielako somatisko
Sunu skaita palielina8anos piena izsauc S. aureus (739 tikst. mL?),
Corynebacterium spp. (1059 tikst. mL™) un S. aureus asociacija ar
Enterobacteriaceae dzimtas bakterijam (1607 takst. mL1).
Vislielako antibakterialo aktivitati in vitro uzrada lizocims (15.0 lidz
19.5 mm), pienskabe (8.3 lidz 24.3 mm) un laktoferins (8.0 Iidz
11.0 mm). Kompozicija GLP 810 (sastava ir glikopeptids 10 mg,
lizocims 300 mg, pienskabe 500 mg), uzrada antagonistisku
iedarbibu pret abu fenotipu S. aureus celmiem un E. coli, radot no 9.0
lidz 15.0 mm lielu auguma nomakumu.
Kompozicija GLP 810 in vivo, ievadot intramammari 3 reizes ar 48 h
intervalu, rada patogéno baktériju ierobezojosu ietekmi piena
dziedzeros un kontroletu celularas imunitates aktivéSanos
fiziologiskas normas robezas laika no 3. lidz 7. pétjjuma dienai, ka
arT iespgjamu humoralas imunitates aktivéSanos 21. diena, uz ko
norada:
1.1. pécinfuziju uzsaksanas GLP 810 p&tijuma grupas govim butiski
palielinas no mastita ierosinatajiem brivo piena dziedzeru skaits
(par 73%), ka ar samazinas kop&jais nosaciti patogéno baktériju
skaits par 87-92% (no 50.7 tiikst. Iidz 4.2 tiikst. kvv mL?) un
kopgjais bakteriju skaits par 12-24% (no 525 tikst. lidz
398 tikst. $anu mL™?), iespgjams, pateicoties antibakteriala
peptida BD-2 ekspresijas pieaugumam;
1.2. segmentkodolaino leikocTtu absolitais skaits GLP 810 p&tijuma
grupas govju asinis butiski nemainas un ieklaujas fiziologiskas
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normas robezas visu pétijuma laiku, bet piena PMNL skaits
palielinas, kas liecina par balansetu PMNL savairosanos lokali
piena dziedzeros, ko nodroSina, iespEjams pretiekaisuma
citokina IL-10 aktivitate;

1.3. GLP 810 pétjuma grupas govim pec infiiziju uzsakSanas
limfocitu skaits asinis uzrada samazinaSanas tendenci, bet
butiski samazinas pétijuma 7. diena, savukart piena limfocitu
skaits butiski palielinas, kas vélreiz apliecina lokalas imunitates
aktiveéSanos;

1.4. CD4+, CD8+ un CD25+ §unu skaits GLP 810 pé&tijjuma grupas
govju asinis samazinas, bet 21. diena strauji pieaug
iminregulatoro T limfocttu skaits un IL-2 receptorus nesosSo
Stnu skaits, kas norada uz vélinu T limfocitu aktivaciju
periféraja asinsrite.

PRIEKSLIKUMI

Nemot véra, ka iminmodulacija un patogéno bakteriju ierobezosana
optimala méra ir novérojama jau treSaja pétfjuma diena, iesakam
kompozicijas GLP 810 intramammaras infiizijas ar subklinisko mastttu
slimos govju piena dziedzeros veikt vienu reizi, bet p&c nepieciesamibas
atkartot infuziju pec 21 dienas.

Lai izvairttos no somatisko $iinu skaita krasa pieauguma piena, pirms
kompozicijas GLP 810 ievadiSanas ieteicams parliecinaties par piena
sekrécijas stavokli un ievadit kompoziciju tikai problematiskajos
tesmena ceturk$nos (ar SSS virs 200 tiikst. mL™ vai latenti inficgtos).
Lai laicigi atklatu subklinisko mastitu un uzsaktu arstéSanu, ieteicams
noteikt tesmena ceturkdnos SSS, KBS un laktozes daudzumu piena.
Konstatéjam, ka no visiem mastita gadijumiem 42% ir paaugstinats
vienlaicigi SSS (vairak neka 200 tikst. mL™) un KBS (vairak neka
100 takst. mL™?), savukart 33% mastita gadijumos ir vienlaicigi
paaugstinats SSS un KBS, ka arT samazints laktozes daudzums (mazak
neka 4.65%).
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INTRODUCTION
Topicality of the research

The animal immune status plays a key role in the development of mastitis
after an invasion of bacteria into mammary glands. Mastitis or udder
inflammation is the most common illness affecting dairy cattle and is the main
cause of economic losses in milk production worldwide (Maréchal et al., 2011),
while subclinical mastitis is a particular condition of the mammary gland
characterized by a long-term low-intensity infection and subsequent damage of
the mammary gland tissue which results in a decrease in milk quality. The
treatment of mastitis is still based on the whole on the usage of antibiotics, but
the overall cost of therapy is quite expensive, the effectiveness of antibiotics is
constantly decreasing, and is associated with significant harm to public health as
the persistence of residues in milk can promote the development of antibiotic
resistance (Gyles, 2008; Persoons et al., 2012). The fight against the development
of antimicrobial resistance of bacteria, which involves a prudent and a rational
use of antibiotics, is one of the priority tasks in the human health sector and
veterinary medicine both in Latvia and in the EU as a whole, but alternative
methods for the treatment of mastitis are needed to carry out this task (Izglitibas
un Zinatnes ministrija, 2017).

In the Member States of the European Union, Regulation 834/2007 on
organic production and labelling of organic products determines the maintenance
of animal health by encouraging the natural immunological defence of the
animal. Chemically synthesised allopathic veterinary medicinal products
including antibiotics may be used only if the use of phytotherapeutic,
homeopathic and other products (incl. immunological veterinary medicines) is
inappropriate in the treatment of the desease. Due to these problems, in recent
years intensive research has been carried out to create natural antimicrobial
agents. An important alternative to antibiotic therapy is the immunomodulators
with antibacterial properties. The authors have shown that the use of natural
substances is also effective for cows in the treatment of mastitis (Kai et al., 2002;
Cao et al., 2007; Klostermann et al., 2010; Soleimani et al., 2010; Espeche et al.,
2012; Frola et al., 2012).

Although cow's milk contains a wide range of microorganisms and in
some cases, their presence is associated with mastitis, a host immune status plays
a key role in development of chronic subclinical infections. Based on the
previously mentioned assumption, we formulated the research hypothesis: it is
possible to improve a local cellular immune response by intramammary infusions
of natural substances with immunomodulating properties by limiting growth of
pathogenic bacteria in the udder.

52



1)
2)

3)

4)

5)

Research thesis

The microbial population in bovine mammary glands depends on a
variety of factors, including the season and herd size;

The type / species of invading bacteria has a significant effect on the total
bacterial count and somatic cell count in milk;

Cow milk contains a variety of substances with immunomodulatory and
antibacterial properties, whose activity against mastitis causing bacteria
can be partially assessed in vitro;

Administering these natural substances intramammarily into cows, the
response of cellular and humoral immunity is activated;

The activation of immunity contributes to the growth limitation of
pathogenic bacteria in cows' mammary glands.

Aim of the research

The aim of the study is to investigate the bacterial diversity in milk

obtained from Latvian organic dairy farms and to develop a composition from
natural components with immunomodulatory properties to control mastitis.

1)

2)
3)

4)

1)

2)

Objectives of the doctoral thesis

To investigate the diversity of microorganisms in milk obtained from
Latvian organic dairy farms in accordance with the season;

To find out prevalent subclinical mastitis causing bacteria;

To detect an antimicrobial activity for natural substances as well as their
compositions with immunomodulatory properties in vitro against the
prevalent mastitis causing bacteria using the well diffusion technique;
To carry out in vivo investigations of one antibacterial composition and
to demonstrate its immunomodulating action which might result in the
control of mastitis causing bacteria in the udder.

Scientific novelty of the research

Evaluation of the presence of microorganisms in cow's milk obtained
from organic farming in Latvia has been made depending on herd size
and the season.

Collaborating with researchers of the Latvian University and the Riga
Stradin$ University, a composition from natural substances of milk
origin, i.e., lactic acid, lysozyme and L. helveticus glycopeptide has
been developed for the growth limitation of mastitis causing bacteria.
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3)

4)

5)

1)

3)

4)
5)

6)

7)

8)

9)
10)

For the first time in Latvia leukocytes both in cow milk and blood were
assesed, as well as the number of lymphocyte surface molecules (CD4,
CD8, CD16, CD19, CD25, CD45, CD69).

For the first time in Latvia in veterinary medicine an
immunohistochemical method has been used for the interpretation of
immunological processes in secrete of infected cows' mammary glands
by determining the expression of IL-1, IL-10, TNF-c, caspase-6 and
beta-defensin-2 in immune cells.

New data on abnormal processes in cows with subclinical mastitis were
obtained.

Personal contribution

Drawing up a research plan.

Establishment of contacts with owners of organic herds with a view to
obtaining permission to remove milk samples from their cattle.
Attendance of the organic production herds selected for the study,
getting information on selected cows for the study and obtaining milk
samples.

Transportation of milk samples to a laboratory and subsequent
microbiological examination.

Preparation of isolated cultures of mastitis causing agents for long-term
storage and maintenance of pure cultures viability.

In vitro measurements of the antimicrobial activity of
immunomodulatory substances and their compositions, which involve
incubation of pure cultures of mastitis causing bacteria.

In vivo preliminary investigation of immunomodulatory compositions
for certain cows.

Administration of the intramammary composition GLP 810 into cows'
mammary glands, removal of milk samples, transportation to
laboratories and subsequent microbiological examination.

Differential counting of leukocytes in milk sediment.

Data analysis and statistical processing of the results obtained from
microbiological, cytological, immunohistochemical, hematological and
immunological investigations.

Structure and volume of the doctoral thesis

The doctoral thesis is presented on 140 pages including 16 tables and 43
figures, and it is structured in five chapters consisting of the introduction, the
survey of the scientific sources, the material and methods, the results of
investigations, and the discussion. The thesis contains 4 main conclusions and 3
proposals, 291 references and 14 annexes.
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MATERIAL AND METHODS

The study was carried out in three stages, where:

1) in the first stage of the study, a diversity of microorganisms in the milk
obtained in 14 Latvian organic farms in accordance with the cow herd size
and the season was investigated.

2) in the second stage, antimicrobial activity of natural substances with
immunomodulatory properties was determined in vitro against prevalent
mastitis causing bacteria by well diffusion technique.

3)  inthe third stage, activity of an immunomodulatory composition GLP 810
in vivo has been evaluated followed by the intramammary infusions of the
composition for cows with subclinical mastitis.

Time and object of the research and its characterization

In the first stage of the research, from December 2011 to November
2012, samples of raw milk were collected from 14 organic dairy cattle herds,
including four regions of Latvia: three herds in Kurzeme (quarter milk samples
from 40 cows were obtained), two herds in Vidzeme (quarter milk samples from
40 cows were obtained), three herds in Latgale (quarter milk samples from 41
cows were obtained), six herds in Zemgale (quarter milk samples from 106 cows
were obtained), thus, in general, examining quarter milk samples from 227 cows.

The size of the herds varied from 3-120 lactating cows per herd, and we
divided them into the following groups for further aggregation of results:

. Group A - small herds with 3-30 lactating cows. In this group, we
analyzed the milk samples of four herds with the number of tested cows’

milk samples n = 86;

. Group B - medium herds, with 31-60 lactating cows. We analyzed milk
samples of five herds with the number of tested cows’ milk samples n =

244,

. Group C - large herds with 61-120 lactating cows. We analyzed milk
samples of five herds with the number of tested cows' milk samples n =

210.

From each herd, 15 lactating cows were selected, preferably including
five healthy, five with slightly/temporarily increased somatic cell count (SCC),
and five cows with chronic subclinical mastitis. In herds, where the number of
dairy cows was less than 15, we collected quarter milk samples from all lactating
cows’ mammary glands. If, during sampling, any of the cows included in the
study were dry or slaughtered, then if possible, another equivalent lactating cow
(taking into consideration the lactation and health condition of the udder) was
included in the study. Subsequently, from these cows, samples of milk were
examined four times a year, with a total of 540 quarter milk samples, i.e., 140
samples in winter, 134 in spring, 160 in summer, and 106 samples in autumn.
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In the second phase of the study, we carried out in vifro measurements
of antibacterial activity of natural substances with immunomodulatory
characteristics against the most common mastitis causative bacteria, and it was
carried out between May 2012 and May 2015.

The antibacterial activity of immunomodulatory components,
compositions and control preparations was tested on seven bacterial cultures
isolated from aseptically removed milk samples - cows from organic herds for
which subclinical mastitis was detected during the first phase of the study. The
identification of these seven strains of the microorganisms was carried out at the
Scientific Institute of Food Safety, Animal Health and Environment ‘BIOR’
using ‘MALDI Biotyper’ (Bruker, Germany) and ‘BBL Crystal Gram-positive
and Enteric/Nonfermenter ID’ (Becton, Dickinson and Company, USA)
identification systems of microorganisms. The identified strains we used in the
in vitro studies were:

1) S. aureus (typical strain);

2) S. aureus (small colony variant);
3) S. saprophyticus,

4) S. haemolyticus;

5) E. coli;

6) Serratia liquefaciens;

7) Citrobacter freundii.

The immunomodulatory components and their compositions used in
this study, with a few exceptions?, were made at the August Kirchenstein Institute
of Microbiology and Virology of Riga Stradins University (RSU, MVI):

1) lysozyme (AppliChem GmbH, Germany);

2) lactoferrin (Alfa Aesar, Thermo Fisher Scientific, Germany);

3) lactoferrin (from colostrum);

4) lactic acid (BDH Prolabo, Ireland);

5) casein (from colostrum);

6) broadleaf plantain (Plantago major) extract (1:3 with 0.9 NaCl);
7) chamomile (Matricaria recutita) extract;

8) L. helveticus (10° kvv g*) glycopeptide;

9) L. reuterii (viable lyophilised lactic acid bacteria 107 kvv g);

10) P. pentosaceus (viable lyophilised lactic acid bacteria 10" kvv g%);
11) L. helveticus glycopeptide 5% and casein 95%;

12) L. helveticus glycopeptide 5% and lysozyme 95%;

13) lysozyme 100 mg, lactoferrin 100 mg, L. helveticus glycopeptide 10 mg,

lactic acid 1 mL;

!Lysozyme (AppliChem GmbH, Germany), lactoferrin (Alfa Aesar, Thermo
Fisher Scientific, Germany), and lactic acid (BDH Prolabo, Ireland)
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14)

15)
16)
17)
18)
19)
20)
21)

22)

lysozyme 100 mg, lactoferrin 100 mg, L. helveticus glycopeptide 10 mg,
lactic acid 1 mL; broadleaf plantain concentrate 1 mL;

L. reuterii glycopeptide 90%, lysozyme 10%;

B. lactis glycopeptide 90%, lysozyme 10%;

L. plantarum glycopeptide 90%, lysozyme 10%;

L. helveticus glycopeptide 90%, lysozyme 10%;

L. helveticus, foremilk hydrolyzate 95%, lysozyme 5%;

pepsin, trypsin, casein hydrolyzate (from milk and colostrum);

milk protein polypeptides and lysozyme (from milk and colostrum), beta-
glucan, lactic acid and L. helveticus glycopeptide;

composition GLP 810 (L. helveticus  glycopeptide 10 mg,
lysozyme 300 mg, lactic acid 500 mg).

For all components and compositions, prior to use in vitro and in vivo

studies, adding sterile sodium carbonate solution (Na,COs3), the pH was adjusted
to 6.3, which, according to studies (Davies et al., 1969), provides optimum
environment and high activity for lysozyme activity.

1)

2)

3)

4)

We used the following control preparations for in vitro studies:

Synulox LC (Pfizer Italiana S.R.L., Italy), which is a suspension for
intramammary usage for lactating cows, and contains the following active
substances: amoxicillin trihydrate, potassium clavulanate and
prednisolone;

Tetra-Delta (Pfizer Animal Health Ltd., United Kingdom), which also is
a suspension for intramammary usage for lactating cows, and contains the
following active substances: novobiocin sodium, neomycin sulfate,
procaine penicillin, dihydrostreptomycin sulfate and prednisolone;
Eurofit gel (Slovenska Yooveterinarna Homeopaticka Spolocnost sro,
Slovenia), which is a homeopathic veterinary medicinal product intended
for intramammary application in lactating cows, and contains the
following active substances: Phytolaca decandra, Hepar, sulfur, Silicea,
Sepia officinalis, Thuya occidentalis, Calcarea phosphorica, Pulsatilla,
lodum, Canthar, Phosphorus, Baptisia tinctoria, Echinacea angustifolia,
Acidum nitricum, Phellendrum aquaticum, Arnica Montana and Bryonia;
0.9% sodium chloride (NaCl 0.9%) solution in water (negative control).

In the next phase of the research, i.e., in vivo studies, we tested the

composition GLP 810 and the following ingredients were included in a single
dose of this preparation: Lactic acid - 500 mg, Lysozyme - 300 mg,
Glycopeptide - 10 mg, and 0.9% sodium chloride solution in water - 10 mL.

Third phase of the study, during which we carried out a research of

immunomodulatory composition GLP 810 in vivo, was conducted from May 26
to June 30, 2015 in one conventional dairy cow farm in Latvia with lactating
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Holstein and Latvian Brown dairy cows as part of routine veterinary medicine
practice. The herd consisted of 320 dairy cows housed in tie-stall arrangement
and milked twice a day. The sample of the study was subclinically infected cows
with somatic cell count (SCC) greater than or equal to 400,000 per mL in cow
composite milk. All the cows included in this study had an increased somatic cell
count at least for two consecutive months. The cows which had received
treatment with drugs for any reason within 30 days of the treatment start date
were excluded from the study. The study sample consisted of 10 multiparous
cows with 8,000 kg average 305-day yield during the previous lactation. Cows
were in their 2" or 3™ lactation, had been lactating for more than 60 days, and
were less than 90 days from their expected dry-off dates. All the cows had no
history of concurrent disease other than subclinical mastitis, and had no clinically
significant findings. When starting an in vivo research, no cows had any visible
visual changes in milk.

Methods

Sampling, transporting and delivering milk samples obtained in the first
stage of the study to the laboratory

We collected milk samples from the cows’s of organic farms for
microbiological examination on the same day or within 2 weeks after milk
sampling in the milk quality monitoring program. Samples were collected in
sterile 6 mL tubes (Weihai Hongyu Medical Devices Co Ltd., China) by aseptic
technique (Bradley et al., 2012) taking one milk sample from each selected cow
from all lactation udder quarters together (obtaining composite sample).
Although composite sample examinations have high specificity (>97%), a
reduced test sensitivity should be taken into account (Reyher, Dohoo, 2011).

After collection, samples were immediately delivered to the Laboratory
of Microbiology at the ‘Research Institute of Biotechnology and Veterinary
Medicine ‘Sigra” (Sigulda, Latvia) of Latvia University of Life Sciences and
Technology. Samples were transported in a cool bag, keeping the temperature
within the range of 4-8 °C. The samples were placed in a freezer at -20 °C, where
we stored them for 2-6 weeks, i.e., until a microbiological examination of the
samples was started. By deciding to freeze the samples and carrying out
investigations gradually over a period of 2-6 weeks, we relied on studies by the
authors (Murdough et al., 1996), who confirm that for storage of milk samples
up to 6 weeks -20 °C, the most commonly used mastitis causative agent
(S. aureus,  coagulase negative  staphylococci,  Streptococcus  spp.,
Corynebacterium bovis and E. coli) does not have a significant effect. Other
authors (Petzer et al., 2012) stated that a longer period is possible in which
mastitis causative agents do not decrease viability: for example, S. agalactiae -
12 weeks, E. coli - 16 weeks, and coagulase negative staphylococci (CoNS) -
18 weeks).
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Initially four solid growth mediums were inoculated with both the
composite milk samples and dilutions (a total of 7560 primary inoculations). The
subsequent bacteriological examination was carried out in accordance with the
relevant methodology to enumerate bacteria and to identify them. As a result, we
obtained ~ 400 bacterial isolates, of which seven of the most typical subclinical
mastitis causative agents were used in subsequent studies.

Measurements of antibacterial activity of immunomodulators in the
second phase of the study

Measurements of antibacterial activity of the immunomodulators on the
growth of the seven strains of mastitis causative bacteria was carried out using
the well diffusion technique (Valgas et al., 2007; Tejero-Sarifiena, 2012).

The bacterial cultures of 0.1 mL volume were inserted into sterile
100 mm Petri plates and poured over with the 20 mL Miller-Hinton agar
(Mueller-Hinton agar, Oxoid, United Kingdom) growth medium, and carefully
mixed. Holes of 6 mm in diameter were cut in agar, and were filled with 60 pL
of test solution. Plates were prepared in 3 replicates, incubated under aerobic
conditions for 24 h at 37 °C and the diameter of bacterial clearance or
antibacterial activity area was measured. If the diameter of the bacterial clearance
zone was less than 0.1 mm, we found that there was no suppression and the tested
solution did not have antibacterial activity against the applied bacterial culture.
The above-mentioned tests were performed in 3 replicates, analyzing 546
reactions in total.

In total, we used 10 immunomodulatory components, 12 compositions of
the components, and 4 control preparations, of which three were of positive
control (Synulox LC, Tetra Delta and Eurofit Gel) and one of negative control
(0.9% NaCl). By placing these immunomodulatory substances and control
preparations on a blood-agar growth medium (containing 5% of cows’ blood)
and incubating, we examined their sterility and haemolytic activity; we
performed these tests in three replicates, analyzing 78 samples in total.

Clinical assessment of cow health status and infusions of intramammary
preparations in the third phase of the study

In the third phase of the study, ten cows were selected, then divided them
into two groups of five cows in each. For cows of experimental group (total in
19 quarters) infusions of composition GLP 810 in 10 mL volume three times at
48 h intervals (day 1, 3 and 5) were performed. For control cows (total in 19
quarters), in each mammary gland 0.9% NaCl solution in volume of 10 mL three
times with a 48 hours interval (day 1, 3 and 5) were administered. Infusions were
carried out in the morning after milking from 4:00 to 6:00 a.m. The clinical
assessment of cow health status was carried out daily from day 1 to 7, as well as
on the day 14 and day 21, marking the changes in the following parameters:
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1) systemic changes (body temperature, milk yield, appetite);

2) clinical appearance of the mammary glands (redness, hardness, pain,
swelling, heat);

3) the visual appearance of the milk (flakes, clots, watery appearance).

Both the control solution and the immunomodulatory composition were
infused through the teat canal using individual, single-use teat cannula J-12
(Jorgensen Laboratories, USA) for each mammary gland. Before the infusion,
the teat was cleaned with a pad moistened with alcohol, then a four to six streams
of milk were drawn and discarded and disinfection was reapeated. After infusion
of the solution, we carried out an udder massage in the upward direction, which
facilitates the dispersal of the preparation into the mammary gland, as well as the
staff member of herd immersed the teats in an iodine disinfectant solution by
performing a routine udder hygiene measures.

During the study, milk samples from each mammary gland were taken 5
times, i.e., on day 1 (before the infusion), 3, 5, 7 and 14. We collected blood
samples from the tail vein (Latin, vena caudalis mediana) for each cow 4 times,
i.e., on day 1 (before the infusion), on day 3, 7 and 21 of the research.

Examination of the samples obtained in the third phase of the study

In total, at phase three, we obtained 426 milk samples for the study, and
then performed the following examinations:

1) conditionally pathogenic microbiota and Lactobacillus spp. analysis -
samples were collected in sterile tubes; we produced a series of dilutions
for the primary quarter milk samples to obtain 570 secondary samples.
Then five solid growth medium inoculations with the primary and
secondary milk samples were applied to determine the total bacterial
count, the enumaration of Streptococcus spp., Staphylococcus spp.,
Enterobacteriaceae species bacteria, and the presence of E. coli in milk
as well as number of Lactobacillus spp. bacteria. Microbiological
examinations were carried out at the microbiology laboratory of the
Institute of Food and Environmental Hygiene of the LLU VMF;

2) differential counting of somatic cells — samples were collected in sterile
centrifugation tubes. Using light microscopy, we performed differential
counting of the smears of 137 quarter milk samples to specify the
belonging to leukocyte populations. We conducted this investigation at
the microbiology laboratory of the Institute of Food and Environmental
Hygiene of the LLU VMF;

3) immunohistochemical analysis — a preparation of specimen and placing
of milk sediment on glass slides was performed at the microbiology
laboratory of the Institute of Food and Environmental Hygiene of the LLU
VMF, but a staining of the smears was carried out at the Morphology
Laboratory of the Institute of Anatomy and Anthropology at Riga Stradins
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University. The number of expressed cells of inflammatory cytokines
IL-1, IL-10, TNF-a, antibacterial peptide BD-2 and caspase-6 were
determined in 345 quarter milk samples;

4)  milk quality studies - samples were collected in sterile laboratory bottles
without preservative, and further examination was carried out at Dairy
Laboratory Ltd. (Ulbroka, Latvia); for 175 quarter milk samples somatic
cell count, total bacterial count, fat content, protein content, lactose
content, and pH were determined.

The number of somatic cells was determined by fluoro-opto-electronic
cell counting using a Fossomatic FC (Foss A/S, Denmark) somatic cell counter
in accordance with the standard LVS EN ISO 13366-2:2007 ‘Milk - Enumeration
of somatic cells - Part 2: Guidance on the operation of fluoro-opto-electronic
counters’.

The determination of the total bacterial count was carried out with the
electronic device ‘BactoScan FC’ (FOSS Electric AS, Germany), which is an
automatic bacterial cell counting device based on flow cytometry. The method is
validated to control the hygiene quality of the milk.

The determination of fat, lactose and protein content in milk (%) was
carried out using the infrared spectroscopy method in accordance with I1SO
Standard 9622:1999 ‘Whole milk. Determination of milk fat, protein and lactose
content-Guidance on the operation of mid-infrared instruments.’

The pH was measured using a pH meter, the working principle of which
is to measure the electrical conductivity of the milk and display the result
converted into the corresponding pH value.

We performed differential somatic cell count according to the
methodology described by the authors (Fragkou et al., 2014). A milk sample in
10 mL amount were removed from mammary glands in sterile centrifugation
tubes (volume 10 mL, Plastiques Gosselin, France), subsequently centrifuged at
1500 x rpm for 10 minutes. Using an automatic pipette, we removed the fluid,
but approximately 10 puL of cell suspension were inoculated on the slide and
evenly spread out. The drops were dried at room temperature and stained with
Dip Quick stain (Rapid Differential Stain kit) in accordance with the
manufacturer's (Astral Diagnostics incorp., USA) instructions. Each smear was
examined by light microscopy at 40 and 100 times magnification,
counting 100-200 cells and determining their belonging to leukocyte
populations: lymphocytes, macrophages and polymorphonuclear leukocytes.

We carried out an immunohistochemical examination of milk to
evaluate the expression of inflammatory cytokines interleukin 1 (1L-1) and tumor
necrosis factor-alpha (TNF-a), inflammatory-inhibiting cytokine interleukin 10
(IL-10) and antibacterial peptide beta-defensin 2 (BD-2) expression, as well as
apoptosis marker caspase-6, using a customized biotin-streptavidin
immunohistochemical method (Hsu et al., 1981). Smears were prepared for the
study - from the sediment obtained by centrifuging milk at
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1500 rpm x 10 minutes. In total, 345 smears prepared from milk samples from
23 mammary glands (19 of experimental and 4 of control group cows) were used
for further staining and morphological study at the Morphology Laboratory of
the Institute of Anatomy and Anthropology at Riga Stradin$ University. The
following primary antibodies were used for immunohistochemical staining of the
smears: rabbit polyclonal IL-1a (code AB17281, dilution ratio 1:200, Abcam,
United Kingdom) and IL-10 (code Ab34843, 1:400, Abcam, United Kingdom),
goat polyclonal beta-defensin 2 (code AF2758, 1:100, RD Systems, United
Kingdom), rabbit monoclonal caspase-6 (code Ab52951, 1: 250, Abcam, United
Kingdom) and rabbit polyclonal tumor necrosis factor alpha (code ab6671,
1:100, Abcam, United Kingdom) and biotin-related secondary antibodies
(LSAB+LINK, code K1015, DakoCytomation, Denmark). In the case of a
positive reaction, the structures became brown. To avoid artefacts, cell nuclei
and backgrounds were stained with hematoxylin (Mayers Hematoxylin, code
05M06002, Bio-Optica, IT).

Analysis of the cow blood samples were taken at the Clinical
Immunology Center at the Pauls Stradin$ Clinical University Hospital. Blood
samples were examined by several methods to determine immunocompetent cell
activity, i.e. total number of leukocytes and their populations (segmented and
band neutrophils, lymphocytes and monocytes) and lymphocyte population
(CD16+, CD19+) and subpopulation (CD4+, CD8+) activity (CD25+, CD45+,
CD69+) markers (both the absolute number of these cells in the blood per mL
and their relative quantity). The total number of blood leucocytes was determined
with blood cell with 5-part differential haematology analyser (ABX Pentra 60,
HORIBA ABX SAS, Japan) according to the standard protocol and
differentiation between banded neutrophils, segmented neutrophils and
lymphocytes was performed by light microscopy. Peripheral blood mononuclear
cells and markers of cell activation were determined using fluorescence-activated
cell analysis. CD4+, CD8+, CD14+, CD16+, CD18+,CD19+, CD25+, CD38+,
CD69+ and CD95+ cells were detected by a flow cytometer (FACS Calibur,
Becton Dickinson, USA) using corresponding mouse antibodies (for example,
IgG1 isotope murine monoclonal antibodies, specific for CD4+ and CD8+)
according to the manufacturer’s protocol.

Microbiological investigation methods used in the first and third stage of
the research

In order to reduce the total number of microorganisms per mL, which
would facilitate the growth of microorganisms and colony counting after
incubation, milk samples were serially diluted in buffered peptone water
(Maximum recovery dilutent, Oxoid, United Kingdom) in accordance with
standard LVS EN 1SO 6887-5: 2011 ‘Microbiology of food and animal feeding
stuffs. Preparation of test samples, initial suspension and decimal solutions for
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microbiological testing. Part 5: Specific provisions for the preparation of milk
and milk products (ISO 6887-5:2010)’.

The obtained decimal dilution series of 10 to 10 as well as the primary
sample (undiluted milk) were applied to the following mediums:

1) inthe 1st stage of the study, on Blood agar (Blood agar base, Oxoid, UK
with sterile cow blood 50 g L1), Baird Parker agar (Baird Parker agar with
egg yolk supplement, Biolife Italiana, Italy), Violet Red Bile Glucose
Agar (VRBG, Oxoid, UK) and Milk Agar (Oxoid, UK);

2) in the 3rd stage of the study, on Blood agar, Baird Parker Agar, VRBG,
Tryptone Bile X-Glucuronide medium (TBX Agar, Oxoid, UK) and De
Man, Rogosa, Sharpe Agar (MRS, Oxoid, UK).

In order to determine the total bacterial count in milk samples from
organic herds, obtained in the first stage of the study, we used milk agar (Oxoid,
United Kingdom) according to standard LVS 179:1999 ‘Milk and milk products
- Determination of the number of colony-forming units of microorganisms -
Colony counting technique at 30 °C’.

Baird Parker agar with egg yolk supplement (Biolife, Italia) for the
enumeration of staphylococci was used in accordance with the standard
LVS EN ISO 6888-1: 1999/A1:2003 ‘Microbiology of food and animal feeding
stuffs - Horizontal method for the enumeration of coagulase-positive
staphylococci (S. aureus and other species) - Part 1: Technique using Baird-
Parker agar medium - Amendment 1: Inclusion of precision data’. We confirmed
the identification of S.aureus with the diagnostic reagent ‘Staphytect Plus’
(Oxoid, UK), where a positive reaction (confirmed S. aureus), according to the
manufacturer's instructions, is the formation of macroscopically visible flakes.
For isolates of coagulase negative staphylococci, identification was carried out
to a species level using BBL Crystal Gram-positive ID (Becton, Dickinson and
Company, USA) and MALDI Biotyper (Bruker, Germany).

The enumeration of bacteria of the family Enterobacteriaceae was
carried out on pour plate technique on Violet Red Bile Glucose agar (VRBG,
Biolife, Italia) in accordance with the standard LVS 1SO 21528-2:2007
‘Microbiology of food and animal feeding stuffs - Horizontal methods for the
detection and enumeration of Enterobacteriaceae - Part 2: Colony-count
method’. E. coli detection was carried out in accordance with previously
described technique (Leininger, Roberson, Elvinger, 2001).

Blood agar (contain 5% bovine blood) was used for isolating
Streptococcus and Enterococcus spp. following UK Standards for Microbiology
Investigations (UK Standards..., 2014). After incubation for 24 h at 37 °C, we
counted colonies typical of streptococci and used bile esculin agar (Bile aesculine
agar, Oxoid, Great Britain) and catalase test for confirmation. All cultures that
were catalase-negative and formed a black or yellow-brown coloration were
confirmed as Group D streptococci - Enterococcus spp. For those cultures that
did not belong to Enterococcus spp. but had catalase negative and caused beta-
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haemolysis on blood agar, were performed by the PathoDxtra Strep Grouping
Kit for the Lancifield group (A, B, C, D, F, G) Streptococcus spp. identification
according to manufacturer's instructions (Oxoid, UK).

We performed the determination of lactic acid bacteria
(Lactobacillus spp.) using de Man, Rogosa, Sharpe agar (MRS, Oxoid, Great
Britain) according to the method described by the authors (Leininger et al.,
2001). This method is based on the requirements of standard 1ISO 15214: 1998
‘Microbiology of food and animal feeding stuffs - Horizontal method for
determination of mesophilic lactic acid bacteria - Colony count method at 30 °C’.

In the case of obscure situations, the bacterial cultures were identified
using the BBL Crystal test (Becton, Dickinson and Company, USA) - the Gram-
positive and Gram-negative bacteria identification system, which included
fermentation, oxidation and hydrolysis tests for several substrates, but the
identification is done by comparing the results obtained with the database.

Statistical analysis

The data on the somatic cell count (SCC) in cows in the first stage of the
study were obtained from the state institution Agricultural Data Centre, but in
stages 3 and 4, we determined the SCC in our collected milk samples. Data
analysis uses categorization of the udder quarters in the following groups: normal
secretion, disturbed secretion, latent infection and mastitis according to the
International Dairy Federation (IDF) guidelines, and in this case the limit value
is 200 x 107 cells mL* of a composite milk sample (Pyorala, 2003).

In turn, in order to analyze the compliance of cow milk with the food
quality requirements laid down in Regulation (EC) No. 853/2004 of 29 April
2004 of laying down specific hygiene rules for food of animal origin, we have
applied a threshold of 400 x 102 cells mL? for SCC and threshold of
100 x 103 cfu mL* for a total bacterial count in raw cow milk.

Published data is used as the basis for acceptable physiological values of
blood morphological indicators (Wood, Quiroz-Roch, 2010).

Results were expressed as average = standard error. Comparisons of the
dynamics of mean parameters were performed by the Wilcoxon Signed Ranks
two-sample test. The Mann-Whitney U test was used for comparisons between
GLP 810 and control group parameters.

We also used Chi-Square test for independence to assess whether two
variables differ from each another. The Cramer's V test allowed us to assess the
strength and relevance of the relationship between two features that did not fit
the normal distribution or between two scale variables. In contrast, we used the
Kendall's (Kendall's tau-b) correlation coefficient to measure the relationship
between two ordinal variables (Arhipova, Balina, 2003; Paura, Arhipova, 2002).

For assesment of the expression of inflammatory cytokines, antibacterial
peptide and apoptosis marker we used the semi-quantitative counting method for
a relative quantity of positive structures (Pilmane et al., 1998). The positive
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structures according to their quantity into immunoreactive cells were divided into
several groups: (-) - negative, (+) - few, (++) - average and (+ + +) - a lot of
positive structures. To compare distribution of results obtained by means of
immunohistochemical methods, a relative frequency calculation model was used
(Gosa, 2003).

Statistical significance was set at p<0.05 for all statistical analyses.
Statistically high significancy is when p<0.001 or less.

RESEARCH RESULTS AND DISCUSSION

1. Distribution of microorganisms in bovine milk from
organic farming in Latvia

Microorganisms in the milk are an extensively studied topic. Scientists
have come to the conclusion that milk contains a wide spectrum of
microorganisms (Rainard, 2017), including lactic acid bacteria, butyric acid
bacteria, putrific bacteria, coliforms, yeasts and molds, as well as pathogenic and
conditionally pathogenic bacteria.

The first objective of the study was to investigate the bacterial diversity
of cow milk in organic herds in Latvia and their seasonal dynamics. In the first
stage of the study, we analyzed the microbiological contamination of cow milk
in 14 organic herds in Latvia. The dynamics of somatic cell count (SCC) in the
examined cow milk was assessed using monthly monitoring data.

1.1. Total bacterial count

Bacteria of milk, that are in large numbers and in a great variety, form the
natural microbiota of the product (Rainard, 2017), and binding legislation
(EC 853/2004) determines that up to 100 cfu x 103 cfu mL? in raw milk is a
quantity suitable for high quality and safe milk. If the total bacterial count (TBC)
is higher, in most cases it is due to inappropriate complying with sanitary-
hygienic norms, but sometimes also suggests an intramammary infection, i.e.,
mastitis (Murphy, Boor, 2000).

Variation in the total bacterial count in milk can be very wide. In our
investigated milk, TBC was on average 43+5 cfu x 10 mL™. The authors Torkar
and Teger (2008) have found that the total bacterial count was higher than
100 000 cfu x 10 mL in 23.6% out of raw milk samples, and these observations
are similar to ours.

We investigated that in organic farms, 84.2% of milk samples were low
in TBC meeting milk quality requirements (up to 100 cfu x 10¥mL?), but in
15.8% of samples TBC was high (over 100 cfu x 10 mL2). The results acquired
to meet the data from other studies on organic dairy farming in Latvia that have
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found 27% presence in milk that did not meet the total bacterial count
requirements (Zagorska, 2007).

There is little information in the literature on how the size of a herd could
directly affect the distribution of microorganisms in milk, but it has been proven
that the herd size has an effect on total microbial contamination in milk, most
likely due to different management approaches (Jayarao et al., 2004;
Cempirkova, 2006; Coorevits et al., 2008; Archera et al., 2013).

We found out that there is a significant correlation between the herd size
and bacterial count in milk (Fig. 1). We observed the highest levels of bacteria
in milk in large herds (C), where the mean number of TBC was
179.8+34.8 cfux 10°mL™. Lower TBC was in the small (A) herds, i.e., an
average of 47.7£12.2 cfu x 103 mL2, but the smallest number of bacteria was
found in medium size (B) herds, i.e., an average of 31.0+5.0 cfu x 103 mL™L.

Samples that do not meet the raw milk quality requirements, i.e., when
the amount of TBC in milk exceeded 100 cfu x 10-° mL™, most often we found
in large (C) herds (23.8%), but in other herds less commonly - in the A herd
group 12.8% and in the B herds - 8.2% of the examined milk samples.

It is commonly found in literature that seasonal climate variations have a
significant effect on the microbiological composition of milk (Osteras et al.,
2006; Olde Riekerink et al., 2007; Nobrega, Langoni, 2011; Zucali et al., 2011).
In order to evaluate changes in the bacteriological contamination of the milk
depending on the season, we analyzed the results obtained in winter, spring,
summer and autumn.

We found that the milk sampling period significantly impacted the TBC
in milk but not the prevalence of conditionally pathogenic bacteria, with the
exception of coagulase negative staphylococci (CoNS), since in autumn these
bacteria were found more often (54.3% of samples) than in other seasons
(17.0 % -32.1% of the sample).

As shown in Figure 2, the highest mean TBC was from the samples
obtained in autumn (243+644 cfu x 10°mL™), while in other seasons the
bacterial contamination of milk was significantly lower (72+11 cfu x 103 mL?
in winter, 5716 cfux103mL? in spring and in summer -
24=+11 cfu x 103 mL™?) (p=0.000).

We also found that the milk obtained in autumn and winter doesn’t often
meet the milk quality requirements constituted as 21.0% and 20.6% of
investigated samples, respectively (whereas in spring and summer the number of
non-conforming samples was 11.9% and 8.3%, respectively).

Elmoslemany with his team of authors (2010), has suggested that
seasonal changes in the microbiota of milk are caused not only by air
temperature and humidity, but also by the characteristics of livestock production
management, which include a sanitary hygiene in the holding and pasture. It is
possible that the high contamination with bacteria in milk obtained in winter and
autumn from our surveyed farms was related to the deterioration of sanitary
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conditions in the holding and pasture due to the indoor period and inadequate
hygiene in the cow-shed and also due to the moisture that prevailed in autumn.

1.2. Bacteria isolated from milk samples

From the point of view of food safety and quality, the presence of bacteria
in milk results in three major problems: the presence of microbial toxins, the
formation of biofilms, and the presence of undesirable enzymes in milk
(Pukancikova et al., 2016). In addition, many of the bacteria found in healthy
cows' mammary glands can, under certain conditions, be able to initiate mastitis.
The second objective of our study was to find out the prevalent subclinical
mastitis causing bacteria.

Within the research, prevalent microorganisms were CoNS 30.9%,
S. aureus 25.2%, microorganisms of genus Enterobacteriaceae 13.7% and
K. kristinae 13.1% of the 540 analyzed milk samples. Micrococcus spp. (7.0%),
Corynebacterium spp. (5.4%), Streptococcus spp. (4.6%) and Bacillus spp.
(4.3%) were uncommonly isolated. Other microorganisms constituted 11.9%,
while 5.6% of samples were culture negative.

It is known that the type / species of invading bacteria has a significant
effect on the total bacterial count and somatic cell count in milk. Many authors
have found a significant correlation between SCC and udder health, with SCC
greater than 200 cfu x 103 mL"? indicates the case of disturbed secretion or
mastitis (Dohoo, Leslie, 1991; Schepers et al., 1997; Moretti et al., 1998). The
main agents (e.g. S. aureus, Str. agalactiae and coliforms) cause a significantly
higher increase in the number of somatic cells than minor agents of mastitis (e.g.
Corynebacterium bovis and CoNS) (Souza et al., 2016; Kocina, 2011,
Oikonomou et al., 2014). In accordance with criteria defined in the EC
Regulation No 853/2004, the permitted somatic cell count in raw milk is up to
400 cells x 103 mL™,

Within the research (see Fig. 3) S. aureus with 739+96 cells x 10° mL™,
Corynebacterium spp. with 1059+464 cellsx 10°mL? and S. aureus in
association with Enterobacteriaceae (1607+405 cells x 103 mL?) caused the
most severe increase in SCC in milk.

SCC did not exceed 200 cellsx 103mL? in milk samples with
Micrococcus spp. or negative bacteriology, which corresponds to the healthy
mammary gland, although.

Many researchers have identified that the level of microbial
contamination of raw milk is influenced by the health and cleanliness of the
cows, the cleanliness of the environment in which the cows are kept and milked,
including the method of preparing the udder before milking, milking technology,
milking equipment and milk tank cleaning and disinfection methods, cooling rate
and milk storage time (Oleggini et al., 2001; Jayarao et al., 2004; Cempirkova,
2006; Coorevits et al., 2008; Vacheyrou et al., 2011; Mallet et al., 2012). In one
word, all these important factors can be called dairy management.

67



Our obtained results on microorganisms in milk suggest that in Latvian
organic livestocking, dairy management are is more successfully realized in
herds consisting from 31 to 60 lactating cows, that is, medium size herds, as
evidenced by:
(1) the smallest total bacterial count (on average 31.0+5.0 cfu x 10°mL™1),
(2) a small number of not beeing in compliance with the microbiological quality
requirements (8.2%), (3) a significantly lower mean somatic cell count
(349+48 cells x 10 mL) than in small and large herds, (4) and significantly
lower prevalence of coliform bacteria (11.1%) than in milk obtained from large
herds.

2. Evaluation of immunomodulator components and
compositions antibacterial activity in vitro conditions

One of the prospecting approaches in the treatment of infectious diseases
is immunomodulation. In the context of animal health, immunomodulation is
defined as the ability to improve an animal's resistance to infectious agents and
stress factors in order to promote animal productivity. Substances used in
immunomodulation are called immunomodulators (Dhama et al., 2015).

Cow milk contains many immunologically active substances with
antibacterial activity, but some of the most important are lysozyme and
lactoferrin (Lucarini, 2017). Over the last couple of decades, the therapeutic
effects of immunomodulators have been widely studied and the results suggest
that the systemic initiation of immune reactivity of this type could prevent the
converting of subclinical mastitis cases into clinical forms or even promote
mammary gland healing.

Taking into account the results obtained in the first stage of the study, that
the prevalent organisms in raw dairy cow milk of organic production were
coagulase negative staphylococci, S. aureus, microorganisms of the family
Enterobacteriaceae and K. kristinae. The incidence of these agents in the milk
was associated with elevated SCC and we used these pure cultures, to further
evaluate the antibacterial activity of immunomodulator components and
compositions in vitro conditions. The one of these compositions we used for
treating the subclinical mastitis in cows (see 1. Tab.).

Evaluating the antagonistic effect of individual components of natural
substances on mastitis causative agents, as shown in Table 1, the highest
antibacterial activity in vitro was demonstrated by lysozyme (15.0 to 19.5 mm),
lactic acid (8.3 to 24.3 mm) and lactoferrin (8.0 to 11.0 mm). All these are
immunologically active substances originating from lactic acid bacteria, so these
components that are naturally present in cow milk were also used later to develop
an immunomodulatory composition for controlling mastitis in cows.

It is known that lysozyme, acting alone, lyses the main component of the
gram-positive bacterial cell wall - peptidoglycan, causing cell death. Due to this
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fact it is possible to observe lysozyme’s antibacterial activity in vitro (Lawrence,
Pane, 2007). By contrast, Gram-negative microorganisms are more resistant to
the destructive effect of lysozyme, since their cell walls contain about five times
less peptidoglycans but are protected by lipid and mucus layer (Lawrence, Pane,
2007). The antibacterial effect of our tested lysozyme was to a similar degree
both in Gram-positive (18.5-19.5 mm) and Gram-negative bacteria cultures
(18-20 mm), but the lower growth inhibition zone had Citrobacter freundii
(15.0 mm) (see Table 1).

The basis for antimicrobial action of lactoferrin is, firstly, the ability to
bind iron, making it inaccessible to pathogenic bacteria, while promoting the
growth of beneficial bacteria. Secondly, lactoferrin causes damage to the Gram-
negative bacterial cell walls (Kutila et al., 2003; Panwar, 2014). We tested two
types of lactoferrin, i.e., RSU colleagues isolated lactoferrin from colostrum and
lactoferrin manufactured industrially in Germany. Lactoferrin isolated from
colostrum showed antibacterial activity (10 mm growth inhibition zone) only
against two cultures and both were Gram-positive bacteria, i.e., the small colony
variant S. aureus and S. haemolyticus. Lactoferrin purchased from Germany
showed moderate antagonistic activity against all tested mastitis causing bacteria
(8 to 11 mm in diameter) (see Table 1).

Lactic acid is an antimicrobial metabolite produced by lactic acid bacteria
that destroys many pathogenic bacteria or at least inhibit their growth. The basis
of the antibacterial effect is the reduction of pH (Widyastuti et al., 2014).
Nevertheless, as shown in Table 1, we observed that lactic acid with neutralized
pH still has a high antagonistic effect on the growth of all seven tested pathogenic
bacteria (an average of 15.6 mm growth inhibition zone).

Medicinal plants play vital roles in disease prevention and treatment. In
recent years an active research is beeing carried out on medicinal herbs with an
aim to identify their potential effect in the treatment of infectious diseases in
animals. There are studies that report phytotherapeutic product great
immunomodulating potential, which can achieve effective improvement and
even a complete recovery in both clinical and subclinical mastitis cases (Abaineh,
Sintayehu, 2001; Verma, Nauriyal, 2009; Umadevi, Umakanthan, 2010).

We tested broadleaf plantain (Lat., Plantago major) exctract of their
leaves and chamomile (Lat., Matricaria recutita) extract. We obtained the results
that the extract of broadleaf plantain had a low antibacterial activity, which was
limited to one of the microorganisms, the small colonie variant S. aureus. The
extract of chamomile vyielded the highest antagonistic activity against
S. saprophyticus (12 mm).

Further we tested the antibacterial activity of several compositions (see
Table 2). The composition consisting of milk casein and glycopeptide exhibited
a low antagonistic activity against E. coli growth (8.0 mm), but a composition
consisting of lysozyme and glycopeptide — against S. aureus typical strain
(9 mm) and S. haemolyticus (8 mm).
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The composition containing lysozyme, lactoferrin, lactic acid and
L. helveticus glycopeptide yielded an average growth inhibition zone of
15.6 mm. An even greater antibacterial activity was observed in a similar
composition supplemented with a concentrate of broadleaf plantain, i.e., an
average of 19.1 mm.

Our tested composition GLP 810 containing substances with the most
antibacterial activity, i.e., lysozyme and lactic acid, in combination with
L. helveticus glycopeptide, showed antagonistic effects on both strains of
S. aureus and also against E. coli, from 9.0 to 15.0 mm high growth inhibition.
We chose the composition GLP 810 as the optimal for testing the newly created
immunomodulator with antibacterial effects under in vivo conditions.

At the bases of the effect of any medicinal substance is its haemolytic
activity and sterility, which is why we performed tests for the hemolytic activity
of components and compositions. After 24 h incubation at 37 °C, none of our
tested immunomodulator components and compositions caused haemolysis in
the blood agar, or the growth of the microorganisms on the blood agar formed,
therefore they were found suitable for intramammary administration.

3. Immunomodulatory activity in vivo condition

In the second phase of the study, we found that the substances that showed
the highest antibacterial activity in vitro were lysozyme, lactic acid and
lactoferrin. We selected the composition GLP 810 containing lysozyme and
lactic acid in combination with the glycopeptide of L. helveticus as the most
suitable choise to carry out an in vivo examination of the newly created
immunomodulator with an antibacterial effect in cows with subclinical mastitis.

3.1. Mastitis causing bacteria in milk

One of the important characteristics of an immunomodulators that allows
it to be used for the prevention and treatment of infectious diseases is its
antagonistic impact on the growth of pathogenic bacteria, at the same time not
inducing an adverse effect on the beneficial microbiota (Banos et al., 2013).
In vivo studies, antibacterial activity of lysozyme and lactic acid has been well
documented as part of non-specific innate immunity (Brul, Coote, 1999;
Benkerroum, 2008; Ella et al., 2011; Espeche et al., 2012).

During the in vivo study, we observed that after infusions the number of
pathogen-free mammary glands significantly increased (from 3 to 11) in the
experimental group but the number of pathogenic bacteria in milk samples
significantly decreased to about 87% (from 51£29 to 7+4 cfu x 10% mL™?) on
day 3 and by 92% (to 4+2 thousands cfu x 103 mL1) on day 7 (p<0.01), as shown
in Figure 4.
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Unfortunately, although the number of infected mammary glands was the
same in both study groups (n=7), the number of pathogenic bacteria in the control
group milk was four times lower, i.e., 13+6 cfu x 10® mL™? (not a significant
difference, p>0.05) than in the GLP 810 study group, which reduces significance
of observations.

We found out that intramammary infusion of composition GLP 810
significantly decreased (by 97%) the number of mastitis causing bacteria only in
initially infected quarters with high SCC (p<0.05). While the dynamics of
mastitis causing bacteria count did not changed remarkably (»>0.05) in initially
low SCC and control quarters .

Besides studies performed by other researchers aiming at finding out
in vivo activity in dairy cows of probiotics and bioactive peptide resulted in
discovering that the presence of pathogenic microorganisms in mammary glands
had diminished due to the regulation of the innate immune system and high
antibacterial activity against pathogens (Frola et al., 2012; Cao et al., 2007; Kai
etal., 2002).

Analyzing all milk samples from the study on day 1 (n=38), we found that
if the number of pathogenic bacteria in milk exceeds 100 cfu x 10° mL, the
mastitis occures in all (100%) of these cases (p<0.01, Kendall coefficient 0.425).

3.2. Evaluation of milk quality indicators

To evaluate the effect of immunomodulators on the quality of milk, we
analyzed the dynamics of somatic cell count and total bacterial count and the
amount of nutritional content (fat, lactose and protein) prior to the administration
of the compositions and during the treatment. We also determined the pH of the
milk.

Figure 5 shows a rapid increase in somatic cell count in the experimental
group milk in 48 hours after GLP 810 1st and 3rd infusion (from
1.6+0.8 million cells mL? to 4.840.6 million and 3.3 million cells mL™,
respectively), but on day 14 of the study SCC did not significantly differ from
the baseline.

We found out that intramammary infusion with GLP 810 elevated quarter
milk SCC mainly because of an increase in SCC of initially uninfected quarters
with low SCC (p<0.01). This observation is similar in other studies about
intramammary application of bioactive preparations of Lactobacillus origin in
cows (Ryan et al., 1999). While SCC dynamics in the control group mammary
glands was statistically insignificant throughout the study period, with the
exception of day 5, when SCC lightly but statistically significantly increased
from 0.8+0.3 million cells mL™ to 1.3+0.5 million cells mL.

Our observations are partially supported by the findings of other authors
that 0.9% NaCl infusion does not lead to a significant increase in quarter milk
SCC (Wellnitz et al., 2014). On the contrary, administration of substances with
immunomodulatory properties such as TNF (Watanabe et al., 2000),

71



recombinant bovine CD14 protein (Erskine et al., 2004) and lactoferrin (Kai et
al., 2002) causes a rapid somatic cell influx in the mammary gland.

The authors (Watanabe et al., 2000; Stefanov, Petrovski, 2006; Ogola et
al., 2007; Alnakip et al., 2014) state that high SCC in milk is predominantly
because of influx of neutrophil leukocytes to mammary gland, moreover,
activated neutrophil leukocyte realize phagocytosis of pathogenic bacteria and
produce reactive oxygen molecules and antibacterial peptides serving as the first
defence line in the fight against infection. The activity of leukocytes may result
in decreased milk synthesis and the amount of milk specific ingredients, as well
as increased enzymatic activity of the milk, which is destructive to milk proteins
and fats.

However, our observations did not confirm either the loss of milk
synthesis or the decrease in the amount of milk components after the infusion of
preparations, except for the amount of lactose. The amount of lactose in the milk
of GLP 810 study group significantly decreased from 4.7% on day 1 to 4.1% on
day 3 while on day 7 of the study the content of lactose was still significantly
reduced (p<0.001), i.e., by 4.2% (see Fig. 6).

The protein content of milk after infusions did not change significantly
(in the experimental group cow milk 3.7-3.8% and significantly lower in the
control group cow milk, i.e., by 3.4%). The fat content of the cow milk of the
experimental group on day 3 was significantly increased (from 1.6% to 2.4%)
but in the control group - without significant changes (1.7-2.1%) (see Fig. 6).

Considering that infusions of the composition GLP 810 did not lead to a
destruction of nutrients in milk, we conclude that infiltration of neutrophile
leukocytes in the mammary gland tissues has gone under controlled intensity.

3.3. The bovine health and changes in the milk consistency

During the study, we did not find any deterioration in the clinical
condition of cows (including body temperature, milk yield, appetite), and the
clinical state of mammary glands were without pathological changes (such as
swelling, heat, hardness, redness, or pain). However, after initiation of the
infusion of the test solutions, visual changes in the milk consistency (a small
number of flakes or clots) were observed. The changes in the milk consistency
were found significantly more often in the milk obtained from experimental
group cows from day 3 to day 6 of the study.

We found that the formation of flakes and clots was significantly
influenced by the milk pH (p<0.005), because they were observed only in cows
whose milk samples had a pH of 6.40-6.52, that is, lower than the average in the
group. In addition, the changes in this milk consistency were probably due to
increased activity of leukocytes in milk, as clots and flakes were observed almost
exclusively in milk samples (19 out of 20) in which the SCC exceeded
200 x 10° cells mL* (»=0.000).
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Clots in milk are usually the result of a degradation of the cellular
structure of casein. The authors (Guo, Wang, 2016) report that casein loses its
stability when the milk pH is at pH 4.6 or lower. However, our results do not
confirm this possibility, since pH in any of the analyzed milk samples was not
lower than 6.2, while the protein content of milk did not change substantially
during the study. It is possible that the formation of clots and flakes following
the administration of the composition GLP 810 into mammary glands has led to
somatic cell-derived proteases that can cause hydrolysis of beta casein and
subsequent proteolysis (Li et al., 2014). In this case, however, the activity of
proteases in the milk glands during the study has been low because it was
observed focally.

3.4. Leukocyte dynamics in milk and blood

Leukocytes are immune cells that perform diverse functions and are
divided into granulocytes (or polymorphonuclear leukocytes, PMNL) and
agranulocytes (lymphocytes and monocytes / macrophages). The part of
leukocytes is permanently present in the mammary gland environment as they
aid in the restructuring of the udder tissue during involution (i.e., apoptosis) or
after inflammation, and also provides immediate immune response in case of
invasion of pathogenic bacteria (Alnakip et al., 2014).

In order to evaluate the effect of the immunomodulatory composition
GLP 810 on the functional state of the bovine immune system in the bovine
peripheral blood and locally in the mammary glands, we evaluated the number
of leukocyte and their populations, and lymphocyte subpopulation surface CD
markers. We have also evaluated the leukocyte dynamics between the peripheral
bloodstream and the mammary gland.

PMNL are the first recruited immune cells from blood to sites of infection
in mammary gland. The migration of PMNL during intramammary infection
results in an increase of SCC with the aim to phagocytose bacteria, to produce
molecules of reactive oxygen and antimicrobial peptides capable to eliminate
broad spectrum of mastitis causing bacteria (Oviedo-Boyso et al., 2007). Most
of PMNL, both the circulating and the persistent in a mammary gland, are
functionally mature segmented leukocytes.

As shown in Table 3, the absolute number of segmented leukocytes in the
cow blood of the GLP 810 group didn’t change significantly and fell within the
physiological norm throughout the study period. On the other hand, the absolute
number of segmented leukocytes in the cow blood of the control group had a
significant increase on day 3 of the study (from 1.8+0.3 x 10% to
4.5+1.1 x 10® mL1) exceeding the physiological norm.

In the milk, as shown in Fig. 7, significant increase in the number of
PMNL occured both in the milk of the experimental (about 56-63%, p=0.000)
and the control group (about 45-63%, p<0.05) following intramammary
infusions with GLP 810 or 0.9%, respectively. In the experimental group
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mammary glands, the increase in PMNL count continued till day 14 and probably
longer, while in the control group the number of PMNL was decreased on
day 14, not significantly differing from the baseline.

The interaction of PMNL between peripheral blood and milk is indicative
of the leukocyte compensated proliferation in the mammary glands of the
experimental cow group, which lasted from day 3 to day 21 in the peripheral
blood and from day 3 to day 14 of the study in the mammary gland tissues.
Whereas, after infusion of the control solution, a short-term (from day 3 to
day 7) inflammatory reaction occured in mammary glands with subsequent
prolonged proliferation of PMNL in the cow blood (from day 3 to day 21) of the
control group.

Lymphocytes play a major role in a host immune response as they are the
only cells that recognize antigens, using specific membrane receptors and
subsequently they produce antibodies (Sordillo et al., 1997). According to the
authors (Banos et al., 2013), the reduction in the number of lymphocytes in the
cow blood makes them more susceptible to the infection, and this condition
occurs simultaneously with a proportional increase in the number of
inflammatory cells (including macrophages, neutrophils and natural killer cells).

As shown in Table 4, the number of lymphocytes in the cow blood of the
experimental group on day 7 showed a tendency of decrease when the mean
absolute lymphocyte count was below the physiological norm. The relative
amount of lymphocytes on day 7 was also at its lowest point, which was
significantly lower than on day 1.

In the cow blood samples of the control group, the absolute humber of
lymphocytes during the study displayed no significant dynamics, but the
percentage of lymphocytes showed a tendency of decrease. Furthermore, on
day 21, the amount (%) of lymphocytes in the cow blood of the control group
blood was significantly lower than in the baseline (see Table 4).

As shown in Fig. 3b, in the cow milk the number of lymphocytes
increased significantly in the cows of the experimental group (»p=0.000, p<0.001)
after the start of GLP 810 infusions which suggests a short-term non-
compensated lymphocyte migration from the peripheral blood to the mammary
gland. Changes in the lymphocyte count in the control group mammary glands
were statistically insignificant (»>0.05).

Various surface markers become expressed during the activation of
immune cells; some are involved in cell proliferation and in signal transduction,
some become as indicators of cell maturation, some reflect a capacity of
functional activity (Gulbe et al., 2017).

As shown in Fig. 9, the dynamics of the lymphocyte count observed
during the study correlated with changes in the number of CD45+ cells in the
blood, which is a marker of the T cell blastogenesis (Rivas et al., 2002).

An increase in the absolute number of the CD45+ cells, since day 3 to
day 21 the amount of this marker in the cow blood of the experimental group was
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significantly higher than in the cow blood of the control group (32-66%),
suggesting that after the administration of the composition GLP 810 in the
mammary glands the T lymphocyte migration from the peripheral blood to tissue
has occurred.

Analyzing the dynamics of lymphocyte count in blood and milk, it can be
concluded that an increase in the activity of individual lymphocyte
subpopulations and a suppression of other subpopulations have occured after the
GLP 810 infusions. Hence it must be assumed that the mammary gland has
undergone lymphocyte migration, which mainly affected the number of o cells,
as evidenced by the decrease in the absolute number of CD4+ cells observed on
days 3 and 7 in the experimental cow blood (Fig. 10 (A)), and the trend towards
a decrease in the absolute number of CD8+ cells that we detected on day 7
(Fig. 11 (A)).

At the same time, the relative number of CD4+ cells increased
significantly on day 7 (Fig. 10 (B)), possibly at the expense of other lymphocyte
populations, indicated by a significant decrease in the relative number of CD16+
cells which are the marker of natural killer cells (NK cells). T helpers (CD4+)
are the major promoters of the acquired immunity response, and they may have
been involved in the acute inflammation initiation in the udder, which continued
till day 7 of the research (i.e. 48 h after the last infusion).

In contrast, CD8+ cells or T-suppressors which are a cytotoxic T
lymphocyte markers, have very likely been used to suppress inflammation since
research day 7, as evidenced by the decrease in the above mentioned CD8+ cell
count on the 7th day. On day 21 of the study, the absolute number of CD8+ cells
in the cow blood samples of the experimental group was significantly higher
(by 76%) than in the blood samples of the control group (see Figure 11 (A)).

Thereby, on day 3 of the study, we detected a decrease in the number of
CD4+ cells (T-helpers) and a relatively constant number of CD8+ cells
(T-suppressors and T-cytotoxic lymphocytes), and as a result the
immunoregulatory index in the cow blood of the experimental group decreased
(from 2.4 t0 1.2).

If the the CD4/CD8 index of less than one, a low immunity and a high
susceptibility to mastitis occures. The long-lasting low CD4/CD8 index often
indicates a suppressed immunity and a chronic, subclinical infection (Park et al.,
2004; Alnakip et al., 2014). The decrease of the immunoregulatory index in our
study, on the contrary, as shown in Fig. 12, was temporary in the cow blood of
the experimental group, since we observed it only on day 3. Whereas on day 7,
the index was equal to the baseline associated with a significant decrease in the
total lymphocyte count in cow blood, which we observed on the same day. On
day 21, the CD4/CD8 index of the experimental cow blood had significantly
decreased from the initial 2.4 to 1.8 due to the tendency of increasing CD8+ cell
count (which was statistically insignificant) (see Fig. 12).

We observed that the amount of NK cells in the experimental cow blood
decreased significantly (by about 80%) only 2 days after the last application of
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the composition (on day 7), which suggests that the acquired immunity to the
immunomodulatory composition GLP 810 in the mammary gland reacts more
slowly than the T lymphocytes which represent the innate immunity.

It was reported that NK cells can modulate adaptive immune responses
via an early production of cytokines (from T helper type 1) or an interaction with
antigen presenting cells (Banos et al., 2013). We suppose that the NK attempted
to boost the function of the T arm of the adaptive immune system in the
peripheral blood in case of CD4+ early migration to the tissue (Gulbe et al.,
2017), which is indicated by the observation that in the experimental cow group
the absolute number of CD4+ cells from day 3 to 7 showed a decreasing trend,
while the relative number of T-helpers on day 3 was significantly reduced, due
to the emigration of these lymphocytes from the peripheral blood to the udder
tissue.

During the study the expression of a cell activation and proliferation
marker CD69 in immune cells helps to judge about the state of an activation of
T lymphocytes and NK cells (see Fig. 14).

At the beginning of the study, on day 3, data showed (Fig. 14) that the
number of CD69+ positive cells significantly decreased (p<0.001) and the
amount of these cells on day 21 was still considrably lower than before the
infusions (p<0.01), which probably indicates that the migration of activated
lymphocytes to the mammary gland had occured. The lowest levels of NK and
CD69+ cell counts in the cow blood both in the experimental and control groups
were on day 7, while on day 21, the number of these cells in the GLP 810 study
group showed an upward trend.

The inflammatory reactions in the mammary glands were long-lasting.
Using milk leukocyte differential counting, we observed that the changes after
GLP 810 infusions in PMNL count (increase by 50-60%), lymphocyte (increase
by 60%) and macrophage (decrease by 65%) count lasted during the entire
observation, i.e., from day 3 to day 14. In the control group, there were significant
changes in the distribution of cells, where the number of PMNL had increased
by 50-60%, and the number of macrophages decreased by 30-75%, lasted until
day 7, but returned to baseline on day 14.

The immune cell kinetics described above enlightens cellular immunity
as an early response to the application of the immunomodulatory composition in
the mammary gland. We observed features of an activating humoral immunity
as late as on the 21st day of the study.

The amount of CD4+ in blood, as reported previously (Asai et al., 1998),
correlates with CD25+ positive cells are 1L-2 receptor-bearing cells (see Fig. 15).
IL-2 is known to stimulate the growth and differentiation of B lymphocytes, to
activate NK cells, to trigger T lymphocyte activation, and to promote lactoferrin
secretion. Consequently, I1L-2 plays an important part in the acquired immune
response (Malek, Castro, 2010).

We also observed a trend in the reduction of the number of CD4+, CD8+
and CD25+ cells in the composition GLP 810 research, while on the 21st day,
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the amount of IL-2 receptor-bearing cells increased rapidly compared to day 7
(p=0.000), indicating a late activation of T lymphocytes in the peripheral
bloodstream. In addition, the proliferation of CD25+ cells is also likely to have
an effect on B lymphocyte activation, as evidenced by the increase in the absolute
number of CD19+ cells in the cow blood of the experimental group on day 21
(vs. day 7).

3.5. Expression of the inflammatory cytokines

To measure the progress of inflammation in the mammary glands,
immunoreactive cells were labeled and interleukin 1 (IL-1), tumor necrosis
factor-alpha (TNF-a), interleukin 10 (IL-10), beta-defensin 2 (BD-2) and
caspase-6 expression were identified in leukocytes.

IL-1 and TNF-o are major inflammatory cytokines and are involved in
both local and systemic immune responses through stimulating neutrophil
leukocyte chemotaxis from the peripheral bloodstream to the mammary tissue
where they arrive several minutes after the onset of infection (Rainard, 2000
Alluwaimi, 2004; Oviedo-Boyso et al., 2007; Abbas et al., 2014). The presence
of TNF-a was not detected in healthy mammary glands (Bannerman, 2009).

At the start of the study, prior to the infusions of preparations, we found
the TNF-a immunoreactive cells, mainly macrophages, in milk of both cow
groups. These cells were found to be present in small amounts at similar
frequencies (16-25%), without any correlation to a number of SCC and
pathogenic bacteria. As shown in Figure 16, when starting the infusion of
GLP 810, the expression of TNF-a in experimental mammary glands in general
increased by approx. 130% and in the following period from day 3 to day 7
remained unchanged at high levels, indicating the importance of this cytokine in
maintaining inflammation, that is, maintaining PMNL activity, as the number of
PMNLs in milk had significantly elevated during the period from day 3 to day 7.
It is known that neutrophils are the major producers of TNF-o during
inflammation.

We revealed that the expression of TNF-o was significantly higher in the
samples with high SCC (average 3.4+0.3 x 106 cells mL™) than in the samples
with low SCC (average 72.0+8.4 x 107 cells mL). Besides cytokine release
from immune cells from the day 1 was detected only in milk samples where
somatic cells comprised more than 10% of PMNL and lymphocytes - less than
10%. Such a leukocyte distribution in milk characterises an infected mammary
gland (Alhussien et al., 2015).

IL-1, the same as TNF- o, is an inflammatory cytokine, but it is known
that IL-1 involvement in mastitis pathogenesis is not decisive and its significance
is influenced by the type of infectious agent (Shuster, Kehrli, 1995, Alluwaimi,
2004).
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After infusions of composition GLP 810, the expression of IL-1 in
immune cells was gradually reduced and on day 7 it was about 80% less than in
the baseline (see Fig. 17).

IL-1 release is thought to be reduced due to (1) a decrease in macrophages,
(2) an increased anti-inflammatory cytokine I1L-10 releases, as well as, (3) an
increased activity of an apoptosis. The apoptosis in the mammary glands is
indicated by the increase in the expression of caspase-6 immune reactive cells on
day 3 by about 60%, and by the decrease in the number of macrophages by an
average of 65-70% from day 3 to day 7.

Other authors also confirm that the main distributors of IL-1 are
monocytes in blood and macrophages in milk, but in a case of apoptosis, the
amount of IL-1 decreases (Alluwaimi, 2004; Lopez-Castejon, Brough, 2011).

From the dynamics of analyzed inflammatory cytokines (IL-1 and
TNF-a) we can conclude that the applied composition GLP 810 had caused
controlled inflammatory reactions in the mammary glands, decreasing the count
of pathogenic microorganisms, and at the same time limiting epithelial cell
damage.

Beta defensin-2 (BD-2) is characterized by bactericidal effects on
pathogenic microorganisms and immunomodulatory action within both specific
and non-specific immunity. Beta-defensins promote broad-spectrum leukocyte
chemotaxis to the inflammatory site (Luenser, Ludwig, 2005; Meade et al.,
2014).

The expression of BD-2 in terms of frequency and intensity in leukocytes
in the milk of the experimental cow group had increased already on resarch
day 3, but significantly increased on day 7, when secretion of 80% of the
mammary glands had been disturbed and most of the milk samples (93.3%)
contained BD-2 positive cells (see Fig. 18).

The milk, obtained on the research day 7, is characterized also by the
lowest total number of conditionally pathogenic bacteria, the lowest number of
S. aureus, the bacteria from Enterobacteriaceae family and the
Staphylococcus spp. We conclude that the BD-2 activity after infusion of
GLP 810 increased, and it had the significant role in the elimination of
pathogenic bacteria, as well as in promotion of PMNL and lymphocyte migration
to the mammary glands. We found with a variable frequency BD-2-positive
immune cells in the milk samples of the control group, but the observed changes
were statistically insignificant.

IL-10 plays a key role in inhibiting inflammation and its action has a
protective effect on limiting tissue damage and promoting tissue renewal after
infections (Asadullah et al., 2003; Bannerman, 2009).

We found that simultaneously with the increase of the number of PMNL,
the frequency and intensity of IL-10 expression in the cow milk samples of the
experimental group significantly increased during the study. The highest activity
of the IL-10 expression was observed on day 7 (p<0.01) in almost all (18 out of
19) milk samples of experimental cow group. Besides in the majority (58%) of
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IL-10-positive cells, the cytokine were present even at already moderate
concentrations. In the milk samples of control cow group, the expression of
IL-10 showed a decreasing trend during the study (see Fig. 19).

The role of IL-10 in reducing inflammation is confirmed by the fact that
the expression of this immunity regulating cytokine was significantly higher in
milk with elevated somatic cell count (Kendall coeff. 0.774, p=0.000) and
elevated total bacterial count (Kendall coeff. 0.676, p=0.005).

It was observed in vitro studies that 1L-10 inhibits the proliferation of
CD4+ cells and production of cytokines in these cells, mainly affecting the Thl
lymphocyte subpopulation. IL-10 does not act suppressively on CD8+ cells, and
under certain conditions even activating immune regulatory T lymphocytes. In
contrast, the effect of the anti-inflammatory cytokine on NK cells is primarily
stimulating, improving the cytotoxic activity of these cells (Asadullah et al.,
2003).

Our study proved that IL-10 activity in the cow mammary glands of the
experimental group provided a balanced inflammatory response which included
the activation of the cellular immunity locally in the mammary glands, and lasted
until day 14 of the study (or 9 days after the last infusion) resulting in a decrease
in the number of pathogenic bacteria and number of somatic cell count.

Consequently, the hypothesis of the doctoral thesis has been proved that
using natural immunomodulatory properties intramammarily in cows can
activate the local and the systemic immune responses of the body which results
in limitation of growth of pathogenic bacteria in the mammary glands. In
addition, we found that by immunomodulatory composition GLP 810 the
proposed immunomodulation was balanced, including the simultaneous
migration of phagocytic cells to the udder tissue and the release of anti-
inflammatory factors, providing controlled activation of cellular immunity in the
range of physiological norm between day 3 and day 7, as well as the possible
activation of humoral immunity on the 21st day of the study.
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CONCLUSIONS

The obtained milk samples from the organic dairy herds that do not
meet the raw milk quality requirements (i.e. when the amount of
TBC in milk exceeded 100 cfu x 10 mL?) most often found in
autumn (21.0%) and winter (20.6%) while in spring and summer the
number of non-conforming samples amount to 11.9% and 8.3%
respectively. The highest number of mean TBC was found in the
samples obtained in autumn (243+644 cfu x 10 mL™), while in
other seasons the bacterial contamination of milk was significantly
lower (7211 cfu x 10°mL™? in winter, 5716 cfu x 102 mL? in
spring and in summer - 24+11 cfu x 10® mL?). The highest levels
of bacteria in milk is observed in large herds (180 cfu x 10 mL™),
lower total bacterial count - in the small herds (48 cfu x 10 mLY),
but the smallest number of bacteria is found in the medium-sized
herds (31.0+5.0 cfu x 10 mL1). The presence of some bacteria, i.e.,

K. kristinae and Corynebacterium spp., is characteristic of the milk

from the small herds, while microorganisms of the family

Enterobacteriaceae are isolated primarily from the large herd milk.

Prevalent microorganisms in  milk are coagulase-negative
staphylococci (CoNS) 30.9%, S. aureus 25.2%, bacteria of

Enterobacteriaceae family 13.7% and K kristinae 13.1%.

Micrococcus spp., Corynebacterium spp., Streptococcus spp. and

Bacillus spp. (4.3-7%) were isolated less frequently. S. aureus with

739496 cells x 10° mL?%, Corynebacterium spp. With
1059+464 cells x 10 mL? and S. aureus in association with

Enterobacteriaceae (1607+405 cells x 10 mL?) cause the most

severe increase in milk somatic cell count.

The highest antibacterial activity in vitro is demonstrated by
lysozyme (15.0 to 19.5 mm), lactic acid (8.3 to 24.3 mm) and
lactoferrin (8.0 to 11.0 mm). The composition GLP 810 (containing
lysozyme and lactic acid, in combination with L. helveticus
glycopeptide), display antagonistic effect on both strains of
S. aureus and on E. coli, from 9.0 to 15.0 mm growth inhibition.

The composition GLP 810, administered intramammarily three times
with 48 h intervals, results in the diminishing of the number of
pathogenic bacteria in the mammary glands and in the controlled
activation of cellular immunity in the range of physiological norm
between day 3 and day 7, as well as in the possible activation of the
humoral immunity on the 21st day of study:

4.1. after infusions the number of pathogen-free mammary glands
significantly increased (by 73%) in the experimental group but
the number of pathogenic bacteria in milk samples significantly
decreased by 87-92% (from 51 cfu x 103to 4 cfu x 10°mL™2).
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The total bacterial count also decreases by 12-24% (from
525 cells x 103 to 398 cells x 10° mL) possibly due to an
increase in the expression of antibacterial peptide
BD-2;

4.2. the absolute number of segmented leukocytes in the cow blood
of the GLP 810 study group does not substantially change and
fits into the physiological norm throughout the study, while the
number of PMNL increases in milk, indicating a balanced
proliferation of local PMNL in the mammary glands probably
provided by the activity of the anti-inflammatory cytokine
IL-10;

4.3. in the blood of the GLP 810 study group cows, after the start of
infusions, the number of lymphocytes shows the tendency of a
decrease, but significantly decreases on the study day 7, while
the number of lymphocytes in the milk significantly increases,
which again proves the activation of local immunity;

4.4. the number of CD4+, CD8+ and CD25+ cells in the cow blood
in the GLP 810 study group is decreasing, while on the 21st day
there is a rapid increase in the number of the immune regulatory
T-lymphocytes and the number of IL-2 receptor-bearing cells
indicating late activation of T lymphocytes in the peripheral
bloodstream.

PROPOSALS

Considering the fact that the immunomodulation and diminishing of
pathogenic bacteria growth which are observed to a great extent on
day 3 after the first infusion, we recommend intramammary infusions
of the composition GLP 810 into the subclinically affected mammary
glands to be performed once, but if necessary, a repeated infusion after
21 day.

In order to avoid a rapid increase in the milk somatic cells count, prior
to the administration of the composition GLP 810 it is advisable to
check the state of milk secretion and to administer the composition only
into the problematic udder quarters (with SCC above 200,000 mL™ or
in latent infected).

In order to timely detect subclinical mastitis and to start an appropriate
treatment, it is advisable to determine the number of somatic cell count,
total bacterial count and lactose content in the milk. We found that of
all mastitis cases, 42% had at the same time an elevated SCC (more than
200 thousand mL?) and TBC (more than 100 thousand mL™), while
33% of mastitis cases had an elevated SCC and TBC and at the same
time reduced lactose content (less than 4.65%) in milk.
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