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Souhrn

Jednou z moznosti, jak snizit progresi bakteridlni antibiotické rezistence a omezit jeji
nasledky v terapii infekénich onemocnéni zplsobenych rezistentnimi bakteriemi, je tzv.
kombinacni 1é¢ba. S ohledem na danou skute¢nost bylo cilem této doktorské disertacni prace
studovat moznosti puisobeni vybranych latek ptirodniho charakteru v kombinaci s antibiotiky
na urité patogenni bakterie pomoci laboratornich mikrobiologickych metod. Prace byla
koncipovana jako komentovany soubor Ctyf praci souvisejicich s tématem bakterialni
antibiotické reziStence, antimikrobidlnich U¢inka Stépenych rostlinnych oleji bohatych na
sttedné dlouhé mastné kyseliny (MCFA) vuci grampozitivnim patogentm traviciho traktu,
komenzalnim bakteriim a puvodcim bovinnich mastitid, a nasledné s tématem moznych
interakci vybranych hydrolyzovanych rostlinnych oleji bohatych na MCFA po vyse
uvedeném testovani jejich antibakterialnich vlastnosti s oxacilinem vaéi Staphylococcus
aureus. Studie publikované v ramci této prace prokazaly in vitro mikrodilu¢ni metodou v
bujonu, Ze rostlinné oleje (babassu, Cuphea, kokosovy, murumuru, palmojadrovy a tucuma
olej) stépené porcinni pankreatickou lipazou potlacuji rist enteropatogent (Clostridium
perfringens, Enterococcus cecorum, Listeria monocytogenes aS. aureus) pii hodnotach
minimalnich inhibi¢nich koncentraci (MIC) vrozmezi od 140 pg/ml do 4500 pg/ml
Vv zavislosti na testovaném bakteridlnim druhu a kmeni. Navic byl zjiStén pozitivni fakt, a sice,
ze Stépené rostlinné oleje bohaté na MCFA nemaji vliv (MIC < 4500 pg/ml) na rist
komenzalnich, zdravi prospéSnych bakterii traviciho traktu (Bifidobacterium spp.,
Lactobacillus spp.). Nasledné bylo prokazano, ze vybrané palmové oleje bohaté na MCFA
(kokosovy, palmojadrovy a tucuma olej) hydrolyzované lipazou z Mucor javanicus jsou
antibakteridlnimi latkami schopnymi potlacit rast bakterii S. aureus, Streptococcus
agalactiae, Str. dysgalactiae subsp. dysgalactiae a Str. uberis pti MIC odpovidajicich
hodnotam 2048-8192 ng/ml, 64-1024 pg/ml, 1024-2048 ug/ml, a 128-2048 pg/ml pro
kazdy bakterialni druh. Dale bylo in vitro pomoci Sachovnicové mikrodiluéni metody
V bujonu zjisténo, Ze tfi vybrané palmové oleje bohaté na MCFA (kokosovy, pajmojadrovy a
tucuma olej) St€pené porcinni pankreatickou lipazou vykazuji v kombinaci s oxacilinem
antagonistické interakce wvici standardnim kmentim i klinickym izolatim S. aureus
Vv koncentracich > 1024 pg/ml. Plynovou chromatografii s ionizaénim plamenym detektorem
bylo zjiSténo, Ze hlavni mastnou kyselinou v testovanych olejich je kyselina laurova, jez

nasledné s oxacilinem vykazala také antagonistické kombinaéni uUCinky ve shodnych



koncentracich jako $tépené oleje, tedy > 1024 pg/ml. Na zékladé rastovych kiivek kment
S.aureus Vvriznych koncentracich testovanych latek lze predpokladat, ze mechanismem
antagonistického ptsobeni mezi MCFA-bohatymi rostlinnymi oleji po jejich hydrolyzaci a
oxacilinem je zastaveni déleni bakterii S. aureus, ¢imz je prerusena produkce cilovych mist
oxacilinu (penicilin-vazajici proteiny bunééné stény bakterii), a latky tak negativné ovlivni

svij ucinek.

Lze predpokladat, ze vysoké davky rostlinnych (palmovych) olejii bohatych na MCFA mohou
pii soucasné koadministraci negativné ovlivnit 1é¢bu stafylokokovych infekci B-laktamovymi
antibiotiky, ¢imz byla potvrzena hypotéza prace, a sice, ze budou vybrané antibakterialni
latky pfirodniho charakteru (Stépené rostlinné oleje bohaté na MCFA) v kombinaci
s antibiotiky (B-laktamy, resp. oxacilin) vykazovat modulovanou aktivitu na zakladé ptisobeni
latkovych interakci, které se budou projevovat pfipadnou zménou antibakterialniho ucinku

(antagonismus).



Summary

One of the possible ways of reducing the progression of bacterial antibiotic resistance and
restriction of its consequences on the treatment of infectious diseases caused by resistant
bacteria is the so-called combination therapy. With regard to this fact, the aim of this doctoral
dissertation thesis was to study the possibile action of selected substanceswith natural origin
in combination with antibiotics on certain pathogenic bacteria using laboratory
microbiological methods. The work was conceived as an annotated set of four papers related
to the topic of bacterial antibiotic resistance, antimicrobial effects of cleaved vegetable oils
rich in medium fatty acids (MCFA) against gram-positive gastrointestinal pathogens,
commensal bacteria and bovine mastitis causative environmental pathogens, and subsequently
on the topic of possible interactions of selected hydrolyzed vegetable oils rich in MCFA after
the above testing of their antibacterial properties with oxacillin against Staphylococcus
aureus. Studies published in this work have shown in vitro by microdilution in broth that
vegetable oils (babassu, Cuphea, coconut, murumuru, palm kernel and tucuma oil) cleaved by
porcine pancreatic lipase suppress the growth of enteropathogens (Clostridium perfringens,
Enterococcus cecorum, Listeria monocytogenes and S.aureus) at minimum inhibitory
concentration (MIC) values ranging from 140 pg/mL to 4500 pg/mL depending on the
bacterial species and strain tested. In addition, a positive fact was found that cleaved
vegetable oils rich in MCFA do not have an effect (MIC <4500 pg/mL) on the growth of
commensal, beneficial bacteria of the digestive tract (Bifidobacterium spp.,
Lactobacillus spp.). Subsequently, selected palm oils rich in MCFA (coconut, palm kernel
and tucuma oil) hydrolyzed by lipase from Mucor javanicus were shown to be antibacterial
agents capable of inhibiting the growth of S. aureus, Streptococcus agalactiae,
Str. dysgalactiae subsp. dysgalactiae and Str. uberis at MICs corresponding to 2048—
8192 pug/mL, 64-1024 ng/mL, 1024-2048 pg/mL, and 128-2048 pg/mL for each bacterial
species. Furthermore, using a checkerboard microdilution method in broth in vitro, it was
found that three selected palm oils rich in MCFA (coconut, pean kernel and tucuma oil
cleaved by porcine pancreatic lipase) in combination with oxacillin show antagonistic
interactions against standard strains and clinical isolates of S. aureus at concentrations
> 1024 pg/mL. Gas chromatography with an ionization flame detector revealed that the major
fatty acid in tested oils was lauric acid, which subsequently also showed antagonistic

combinatory effect with oxacillin at the same concentrations as the cleaved oils, meaning

\



> 1024 ng/mL. Based on the growth curves of S. aureus strains at different concentrations of
tested substances, it can be assumed that the mechanism of antagonistic action between
MCFA-rich vegetable oils after their hydrolysis and oxacillin is in the termination of the
division of S. aureus bacteria, thereby interrupting the production of oxacillin-taget spots
(penicillin-binding proteins in the bacterial cell wall), and the substances thus adversely affect

tmeselves.

It can be assumed that high doses of vegetable (palm) oils rich in MCFA may when co-
administrated, adversely affect the treatment of staphylococcal infections with [-lactam
antibiotics, confirming the hypothesis that selected natural antibacterial substances (cleaved
vegetable oils rich in MCFA) in combination with antibiotics (p-lactams or oxacillin) show
modulated activity based on the action of substance interactions, which will be manifested by

a possible change in the antibacterial effect (antagonism).
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1 Uvod

Celosvétove byly patogenni organismy primarni pfi¢inou amrti znacné Casti lidské i zvifeci
populace a objev antibiotik v poloviné dvacatého stoleti znamenal vyznamny meznik, ktery
prinesl lidstvu moznost, jak s timto problémem ucinné bojovat. Antibakteridlni latky jsou
uzivany za Géelem 1é¢by a v uréitych statech stale i jako prevence bakterialnich onemocnéni.
Mezi nejvyznamnéjSi skupiny antibiotik jsou v soucasnosti fazeny napt. PB-laktamy,
sulfonamidy, polypeptidy, aminoglykosidy, tetracykliny a makrolidy. Od chvile, kdy zacala
byt antibiotika masové¢ pouzivana v klinické praxi, vSak doslo k vyraznému posunu v
nakladani s témito latkami predevSim s ohledem na uvazlivéjsi davkovani. Divodem ke
zméné v pristupu uzivani antibiotik je stale se rozvijejici schopnost bakterii i¢inn¢ piekonévat
ucinky antibiotik — tzv. bakterialni antibiotickd rezistence. Bézné se u nich lze setkat s
tendenci akumulace rozdilnych mechanisml rezistence vlivem antibiotického tlaku
indukované¢ho pravé nadmérnym uzivanim antibiotik v populaci a na zaklad¢ ptirozené
selekce bakterii, mezi které patii napt. Staphylococcus aureus, Enterococcus faecium, ¢i
Streptococcus pneumoniae. Vzhledem k této skute¢nosti dochazi po celém svété k opatienim
sméfujicim k omezeni Sifeni bakterialni antibiotické rezistence a jejimu piedchazeni, mezi
ktera se fadi doporuceni Svétové zdravotnické organizace o omezeni uZivani antibiotik v
ptipadech, kdy existuji jiné metody lécby, zdkaz uzivani antibiotickych stimulatord rastu v
zivo¢isné produkci v rdmci zemi Evropského spolecenstvi, a také hledani alternativnich
zdrojii antibakterialnich latek pro uziti jak v humanni, tak veterinarni mediciné. Ovéfenymi
alternativami jsou napiiklad terapie aktivovanymi fagy, ¢i pasivni imunizace osob. V
zivocisné produkci se uziva antibakteridlnich vlastnosti tzv. neantibiotickych stimulatort
ristu, jakymi jsou bakteriociny, bakteriofagy, enzymatické preparaty, jilovité Castice,
organické kyseliny, prebiotika, probiotika a synbiotika, i rostlinné extrakty. VyuZzivani
antibakteridlnich ucinkd nékterych alternativnich latek jako je oxid zineCnaty musi byt v
soucasnosti regulovano z diivodu negativniho dopadu na Zivotni prostfedi, ¢imZ je potencialni
vyuziti antibakteridlnich vlastnosti téchto latek limitovano. Zaroven 1 k alternativam
antibiotickym latkach se postupem casu objevuje bakterialni rezistence a jejich omezenim
byva casto také jejich nedostate¢nd aktivita. MozZnosti, jak sniZit dopad uzivani nékterych
antibiotik, ¢i alternativnich antibakterialnich latek na okoli, ¢i v kontextu bakterialni
antibiotické rezistence spociva v kombinaci né€kolika latek v nizSim mnoZstvi, nez by bylo
davkovani jedné samostatné, za Gcelem dosazeni poZzadovaného ucinku a vyuzit takzvanych

interakci latek mezi sebou.



2 Literarni prehled

2.1 Vybrani piivodci bakteridlnich zooné6z a alimentarnich onemocnéni

Zoonoticka onemocnéni jsou infekce, které mohou byt pfendSeny mezi zviraty a lidmi
S vyuzitim rtiznych vektord, ale i bez nich, pfi¢emz na svéte existuje kolem 1 500 patogent, o
nichz je zndmo, ze mohou zpusobit infekce u ¢lovéka, z nichz 61 % zpusobuje zoonoticka
onemocnéni (Taylor et al. 2001). Cantas a Suer (2014) ve své praci fadi mezi mozZnosti, jak
muze byt bakteridlni zoonotické onemocnéni preneseno ze zvirat na ¢loveéka (@) kousnuti a
poskrabani zvitaty; (b) vektory, ¢asto ¢lenovce, jako jsou komati, klist'ata, blechy a vsi, ktefi
mohou aktivné nebo pasivné pienaset bakterialni zoonotické choroby na ¢lovéka; (C) nakazu
veterinarnich 1ékaii a pracovnikll v zivocisné produkei, ktefi se zaroven mohou stat prenaseci
bakterialniho onemocnéni v ramci komunity; (d) hnojem kontaminované pudy a vody, jez
ptredstavuji rezervoar zoonitickych bakterii; a (e) pfimou fekalné-oralni cestu, tj. pfenos

kontaminovanymi zivo¢isSnymi produkty.

Pro nékteré mikroorganismy mohou potraviny slouzit také jako zdroj zivin, které metabolizuji
a vyuzivaji pro rust a tvorbu vedlejsich produktt, které ¢ini potraviny nepozivatelnymi, nebo
mohou po konzumaci zpiisobovat zdravotni problémy. Piedpokladd se, Ze alimentarni
onemocnéni jsou v 66 % ptipadi zpisobeny bakteriemi (Addis & Sisay 2015). Svétova
zdravotnicka organizace (World Health Organisation, WHO) (2015) odhaduje, ze celosvétové
se ro¢n¢ vyskytne kolem 600 miliont pripadi alimentarnich onemocnéni (30 % u déti

mladsich péti let), na néz 420 000 lidi zemfe.
2.1.1 Clostridium perfringens
2.1.1.1 Charakteristika

Clostridium perfringens je bakterialni druh fazeny do rodu Clostridium, ktery piedstavuji
grampozitivni tyCinky produkujici velmi odolné, ovalné ¢i sférické endospory (Rainey et al.
2009). Tato bakterie byla poprvé izolovana a identifikovana jako nova bakterie v roce 1891
Williamem H. Welchem z téla, v jehoz infikovanych krevnich cévach byly pozorovany
bublinky plynu (Welch 1892), pficemz jeji schopnost (ptvodni pojmenovani Bacillus
aerogenes capsulatus, latinsky aerogenes doslova znamena ,produkovat vzduch®)

produkovat plyny byla pozd&ji spojena s piiznaky plynové gangrény, vyskytujici se u
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britskych a francouzskych vojdki béhem prvni svétové valky (Kiu & Hall 2018).
C. perfringens je vSudypfitomnou bakterii distribuovanou v rtiznych prostfedich véetné pudy,
odpadnich vod a potravy (Uzal et al. 2014). Dale 1ze bakterie C. perfringens nalézt napi. ve
vykalech a jako soucast mikrobioty zvifat i ¢loveka, kterého kolonizuje, jak bylo dokazano
sekvenaci pres pét tisic let starého gastrointestinalniho traktu (GIT) mumie Otziho, jiz od

nepaméti (Lugli et al. 2017).

Uvadi se, ze C. perfringens je striktni anaerob, avSak bylo zjisténo, Zze mize existovat také
v kyslikové atmosféte, anebo pii nizkych koncentracich superoxidu ¢i sloucenin generujicich
hydroxylové radikaly (Briolat & Reysset 2002). Jako aerotolerantni anacrob mize tedy
C. perfringens potencialné ptezivat v acrobnim prostiedi, které mize usnadnit pfenos bakterii
mezi hostiteli, kontaminovat rizné povrchy, ¢i vyvolat onemocnéni v aerofilnim prostiedi
(Kiu & Hall 2018). V soucasnosti piedstavuje C. perfringens ze znamych organismi jeden
z nejrychleji se mnozicich: Li & McClane (2006) pozorovali generacni interval klostridie

Vv optimalnim prottedi, ktery pti 43 °C ¢inil 8—12 minut a pfi 37 °C 12—-17 minut.

C. perfringens tvoii spory, které ji umoznuji prezit v extrémnich podminkach nebo
Vv prostfedich s nedostatkem zivin. Sporulace hraje zasadni roli pii pfenosu této bakterie z
riznych prosttedi na hostitele (Li et al. 2016). Bylo prokazano, ze nékteré spory
C. perfringens (zejména kmenti spojenych s otravou jidlem) odolavaji extrémnim teplotnim
podminkam, coz muze piispét k preziti C. perfringens a nasledné patologii onemocnéni (Li &
McClane 2008; Orsburn et al. 2008). Uginnost sporulace C. perfringens, ktera je iniciovana
transkripénim faktorem SpoOA (kodovany spoOA) (Myers et al. 2006), zajistuje transkripéni
regulator CcpA (kodovany ccpA) (Varga et al. 2004). Regulace tohoto procesu je zajiStovana
faktory Sigma, véetné SigF, SigE, SigG a SigK (geny sigF, sigE, sigG a sigK) (Harry et al.
2009; Li & McClane 2010), a Agr-podobnym quorum-sensing systémem, ktery je u kmend
zpusobujicich otravy z jidla potencialné podporovan genem codY (Li et al. 2011; Li et al.
2017). Je také znamo, ze C. perfringens béhem sporulace produkuje enterotoxiny, coz

koreluje s patogenezi prijmu spojenych s otravami z jidla (Silva et al. 2015; Li et al. 2016).
2.1.1.2 Patogenita

Kiu a Hall (2018) fadi mezi virulen¢ni faktory C. perfringens komplement extracelularnich
toxinl a hydrolytickych enzymt (> 20), schopnost piezivat v aerobnim prostedi, produkci
toxickych plynti a rychly rist. Tyto vlastnosti ji davaji schopnost zplsobovat rizné
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histotoxické infekce Clovéka, gastroenteritidy u dospélych jedinctli, nekrotické enteritidy u

zvirat i pred¢asné narozenych déti (McClane et al. 2006).

C. perfringens byla historicky klasifikovana do péti toxigennich typd v zavislosti na jeji
schopnosti produkovat ¢tyfi hlavni exotoxiny, jmenovité alpha- (a), beta- (B), epilon- (g) a
i6ta-toxin (1), kodované geny cpa, cpb, etx a iap/ibp (Li et al. 2013; Chukwu et al. 2017). Na
zéklad¢ nedavno zavedeného typiza¢niho systému na bazi toxind je vSak C. perfringens nyni

preklasifikovana do sedmi toxinotypti (A-G), viz Tabulka 2.1 (Rood et al. 2018).

Tabulka 2.1: Clostridium perfringens typiza¢ni schéma zaloZené na produkci toxint

(ptevzato z Rood et al. 2018)

Toxinotyp a-toxin B-toxin g-toxin w-toxin CPE NetB
A + - - - - -
B + + + - - -
C + + - - +/- -
D + - + - +- -
E + - - + +/- -
F + - - - + -
G + - - - - +

(+) = toxinotyp produkuje toxin; (-) = toxinotyp neprodukuje toxin; (+/-) = toxinotyp ne vzdy produkuje toxin

Néekteré kmeny také produkuji enterotoxin C. perfringens (CPE), protein odpovédny za
prujmy a vétsinu piipadi otrav z potravin zptisobenych touto bakterii (Kokai-Kun et al. 1994;
Freedman et al. 2016). Gen cpe se nachazi bud’ na chromozomu, nebo na velkych
konjugativnich plazmidech, a nejc¢astéji se s nim 1ze setkat u toxinotypu F, ktery je spojovan
s otravami z potravin a s antibiotiky-asociovanymi prijmy (Rood et al. 2018; Freedman et al.
2016). CPE pozitivni kmeny toxinotypt C, D a E jsou neobvyklé, a doposud nebyla potvrzena
produkce CPE ani kmeny toxinotypu A, B a G (Rood et al. 2018). VSechny toxinotypy
C. perfringens mohou navic také produkovat doplitkovy toxin zndmy jako f2-toxin kodovany
genem cpb211 (Vilei et al. 2005). B2-toxin je cytolyzin vytvarejici pory, ¢imz se podili na
enterickych onemocnénich souvisejicich s C. perfringens (Fisher et al. 2006; Li et al. 2007;
Uzal et al. 2010). Navic produkuji n¢které kmeny C. perfringens také plazmidoveé kodovany
toxin nazyvany NetB, ktery je hlavni pfi¢inou nekrotické enteritidy driitbeze (Fisher et al.
2005). Exprese proteini asociovanych s virulenci, zejména produkce riiznych toxinii kmenti

C. perfringens, jsou pfisné regulovany specifickymi systémy pro regulaci gend, vcetné




dvouslozkového systému pienosu signalu VirR/VirS a systému dopliikového regulatoru gent

(agr) (Ohtani & Shimizu 2016; Yu et al. 2017).

2.1.1.3 Epidemiologicka situace

C. perfringens je hlavni pfi¢inou traumatické plynové gangrény (McClane & Rood 2001) a
onemocnéni prenaSenych potravinami, a je druhou nejCastéjsi bakteridlni pii¢inou otrav
potravinami v USA (Scharff 2012; Grass et al. 2013; Marlow et al. 2017). Krom¢ toho je tato
bakterie zodpovédna za ptiblizné¢ 5-15 % vSech piipadi prajmt souvisejicich s antibiotiky
(Carman 1997), které se vyskytuji u 5-40 % vSech pacientd 1é¢enych antibiotiky (McFarland
2007). Zpusobuje také casto smrtelné onemocnéni ¢lovéka nazyvané klostridialni nekroticka
enteritida (Gui et al. 2002). Jako zvifeci patogen je C. perfringens zodpovédna za nékolik
zavaznych onemocnéni, vcetné ptac¢i nekrotické enteritidy, na jejiz 1écbu se v minulosti
celosvétoveé v zemédélstvi vydavaly az 2 miliardy USD ro¢né (Keyburn et al. 2010). Kromé
toho se v zivocisné produkci praktikuje rozsahla vakcinace slouzici k ochrané hospodaiskych
zvifat pred enteritidou a enterotoxemiemi vyvolanymi toxiny C. perfringens, které jsou
absorbovany do ob&hu a poté ovliviiuji dal$i organy, jako je mozek (Uzal et al. 2010). Marlow
et al. (2017) pozorovali vyskyt otravy zjidla v disledku kontaminace C. perfringens
v napravnych zatdzenich v USA a odhalili, Ze tato bakterie byla za otravu zodpovédna ve
28 % (36 ze 128 piipadi). Kiu a Hall (2018) odhaduji, ze se roéné v ¢lenskych statech
Evropské unie vyskytne pfiblizné 5 milionti ptipadii otravy z potravin souvisejicich s C.
perfringens. V souhrnné zpravé Evropského tfadu pro bezpe¢nost potravin (European Food
Safety Authority, EFSA) a Evropského stiediska pro prevenci a kontrolu nemoci (European
Centre for Disease Prevention and Control, ECDC) o zoonézach v Evropské unii v prib&hu
roku 2018 se vsak uvadi, Zze otrava z jidla kontaminovaného toxiny C. perfringens, byla
prokazana ve Ctrnacti Clenskych statech u 1 783 obyvatel ze 71 ohnisek. Zprava dale
konstatuje, ze z celkového poctu nakazenych bylo pouze 18 hospitalizovano a 2 zemieli (mira
umrtnosti 0,1 %) (EFSA & ECDC 2019a). Kiu a Hall (2018) ptedpokladaji, ze pocty
hlasenych ptipadi spojenych s otravou z potravin kontaminovanych C. perfringens jsou
znatn¢ podhodnoceny vzhledem k spontdnné mizejicim pfiznakim, takze statistiky
zvefejnéné na zaklad¢ laboratorné potvrzenych ptipadli mohou byt nizsi nez skute¢né pocty,

coz naznacuje vyssi skute¢ny epidemiologicky dopad.



2.1.1.4 Moznosti lécby a prevence

Protoze vétsina akutnich prijmovych onemocnéni souvisejicich s C. perfringens odezniva
sama, je k udrzeni euvolemického stavu zapottebi pouze podplrna péce a antibiotika obecné
nebyvaji indikovana (Yao & Annamaraju 2020). Vyjimkou jsou zavazné, s CPE-asociované
prujmy, v ptipadé¢ kterych Borriello a Williams (1985) navrhuji 1é€bu metranidazolem.
Dalsim ptipadem, kdy je pouziti antibiotik na misté je klostrididlni sepse, kterd se Casto
projevuje septickym Sokem s moznou intravaskularni hemolyzou v duasledku destrukce
¢ervenych krvinek zprostfedkované a-toxinem, pficemz letalnim nasledkim onemocnéni Ize
predchdzet pravé vcasnou antibiotickou lécbou penicilinem G a klindamycinem,
tetracyklinem nebo metronidazolem v kombinaci s chirurgickym odstranénim nekrotické
tkané (Bitge et al. 1992; Van Bunderen et al. 2010). Yang et al. (2013) konstatuji, ze
vzhledem k vysoké mife iimrtnosti na bakterémii zpusobenou C. perfringens (37-44 %), je
zapotiebi v¢as aplikovat vhodnou antibiotickou 1écbu, kterou vsak dle Kiu a Hall (2018) mtize

vyrazne zkomplikovat bakterialni antibioticka rezistence C. perfringens.

Silva et al. (2015) konstatuji, ze pokud dojde v chovu prasat i pies vakcinaci k Sifeni s CPE-
asociovanych prujmu selat, ptidavaji se do krmiv antibiotika jako je bacitracin, linkomycin,

sulfatrimethoprim a tylosin, ¢i se injekéné aplikuje penicilin.

Pestra paleta gent rezistence k antibiotikiim ¢ini z bakterie C. perfringens klinicky velmi
vyznamného patogena, jelikoZ se u ni lze setkat s multirezistenci k antibiotikiim, jakymi jsou
tetracykliny (Lyras & Rood 1996), makrolidy, linkosaminy (Slavi¢ et al. 2011;
Ngamwongsatit et al. 2016), rifampicin (Li et al. 2017) a aminoglykosidy (Udhayavel et al.
2017).

Allaart et al. (2013) navrhuji mozné piistupy prevence indukce C. perfringens asociované
enteridity, mezi které fadi (i) probiotické kmeny bakterii schopné omezit riist, kolonizaci a
produkci toxint C. perfringens ve stfevnim traktu, a tim i snizit vyskyt onemocnéni spojenych
s timto bakteridlnim druhem; (ii) prebiotické substraty fermentovatelné bifidobakteriemi a
laktobacily, ktefi mimo jiné potlacuji rast patogent; (iii) rostlinné extrakty a fytochemikalie
s antimikrobidlnim spektrem u¢inku vic¢i grampozitivnim sporulujicim bakteriim vcetné
C. perfringens, jako je napf. febficek obecny (Achillea millefolium), myrtovnik citronovy
(Backhousia citriodora), tymol, ¢i cinnamaldehyd; (iii) organické kyseliny vcetné kyselin se
sttedni délkou uhlikatého fetézce; (iv) bakteriofagy, lysozymy a antimikrobidlni peptidy.
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2.1.2 Enterococcus spp.
2.1.2.1 Charakteristika

Rod Enterococcus, nalezici do c¢eledi Enterobacteriaceae, v sobé ukryva grampozitivni,
nesporotvorné, vétSinou pohyblivé, vejcité, jednotlivé, v parech, ¢i kratkych fetizcich se
vyskytujici bakterialni bunky (Schleifer & Kilpper-Bilz 1984). Enterokoky jsou fakultativné
anaerobni, chemoorganotrofni, heterofermentativni bakterie, které ve vétSiné ptipada
Z glukozy produkuji kyseliny mlécnou, a proto jsou fazeny mezi bakterie mlécného kvaseni

(Svec & Devriese 2009).

Termin ,,entérocoque* poprvé vytvofiil Thiercelin v roce 1899, kdyZ popsal stievni bakterie se
schopnosti stat se patogennimi (Thiercelin 1899). Vzhledem k morfologickym a nékterym
biochemickym podobnostem byly enterokoky povazovany za zastupce rodu Streptococcus
(Frobisher & Denny 1928) a jako fadné uznavany rod oddéleny od streptokoki se objevily az
v edi¢nim dodatku k vydani publikace Bergey’s Manual of Systematic Bacteriology v roce
1986 (Mundt 1986). Identifikace enterokokti na druhové trovni mé klinicky vyznam
z divodu analyzy rezistencnich profilii riznych patogennich enterokokli na antibiotika
(Garcia-Solache & Rice 2019). V tuto chvili ma dle Seznamu prokaryotickych jmen se stalym

nazvoslovim rod Enterococcus 60 popsanych druhut s platnymi publikacemi (Parte 2018).

Enterokoky lze snadno izolovat z Sirokého spektra hostiteld, véetné bezobratlych, hmyzu a
savcl, coz zdlrazinuje umeéni enterokokil prezivat v prostiedi stfev, kde jsou schopni odolavat
rozmanitym mechanismtim vrozené obrany hostitele (Van Tyne & Gilmore 2014).
Enterokoky jsou jednémi z prvnich kolonizatort stieva kojenct a ve vysledku jsou klicovymi
Cleny lidského stievniho mikrobiomu (Eggesbe et al. 2011; Lawley & Walker 2013). Jsou
také béznymi zéastupci komenzalni mikrobioty domestikovanych a divokych zvirat, u kterych
vSak také mohou zpusobovat infekce (Martin & Mundt 1972; Chadfield et al. 2005).
Vzhledem k jejich rozsifenému vyskytu u Clovéka a riznych druhli zvitat, kolonizuji
enterokoky snadno okoli obyvané témito hostiteli, jako jsou rostliny, ptida a voda
(Byappanahalli et al. 2012). Predpoklada se, Ze enterokoky pak v takovém prostiedi
pretrvavaji, ale masivn¢ se nerozmnozuji (Fiore et al. 2019). Vzhledem k toleranci vici solim
a kyselinam jsou kmeny Enterococcus spp. vysoce specializované pro nékolik potravinovych
systémi, a maji tak podil na fermentacni aktivité tradicné vyrdbénych syrt a suchych uzenin,
a predpokladd se, Ze prispivaji k rozvoji organoleptickych vlastnosti téchto produkti
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(Foulqui¢ Moreno et al. 2006). Kromé toho bylo popsano nékolik kmenti enterokokti, které
produkuji antimikrobialni slouceniny vcetné¢ bakteriocind, které jsou vyuzivany pfi
konzervaci Siroké Skaly potravinaiskych produkti (Yang et al. 2014a), a které jsou
povazovany za slibnou alternativu v boji proti antimikrobialni rezistenci (Cotter et al. 2013;

Hammami et al. 2013).

Enterokoky jsou, jak bylo zminéno vySe, povazovany za komenzalni mikroorganismy
lidského GIT, mohou vSak byt také patogenni, a zplsobovat infekce, ve vétSin€ ptipada
spojenych s nemocni¢nim prostiedim (Garcia-Solache & Rice 2019). Raza et al. (2018) uvadi,
ze hlavnimi faktory pfispivajicimi k tomu, ze se enterokoky stdvaji vyznamnymi patogeny, je
pfedevsim jejich vSudypfitomna distribuce a selekéni tlaky zpiisobené masivnim pouzivanim
Sirokospektralnich antibiotik. Patogennim enterokokem, ktery byl ptuvodné povazovan pouze
za komenzalni bakterii je napt. E. cecorum, ktery byl poprvé izolovan ze stiev driibeze, ale
vyskytuje se u mnozstvi jinych zivoc¢isnych druht, vcetné cloveéka, u kterého muze také

vyvolavat infek¢éni onemocnéni (Delaunay et al. 2015; Dolka et al. 2017).

Mezi onemocnéni zplisobené patogennimi kmeny rodu Enterococcus jsou obvykle fazeny
infekce mocovych cest (Swaminathan & Alangaden 2010), bakteremie (Noskin et al. 1995),
endokarditida (Slipczuk et al. 2013), infekce popalenin (Jones et al. 1986) a ran v misté
chirurgického zékroku (Pochhammer et al. 2017), infekce bficha a zlucovych cest (Lewis &
Zervos 1990) a infekce katetrti a dalSich implantovanych 1ékatskych zafizeni (Sandoe et al.
2003). Uvadi se, ze enterokoky jsou po streptokocich, Staphylococcus aureus a S. viridans
treti nejcastejsi pricinou nativni endokarditidy chlopni (Slipczuk et al. 2013). Enterokoky takeé
byly tfetim nejcastéjSim nozokomidlnim patogenem a zpisobily 14 % nemocni¢nich infekei

v USA mezi lety 2011 a 2014 (Weiner et al. 2016).

2.1.2.2 Patogenita

Aby enterokoky zpiisobily onemocnéni, musi zdolat fadu piekdzek, mezi néz lze zaradit
ptrekonani kolonizacni rezistence konkurenc¢ni mikrobioty a obrannych mechanismu hostitele
(zaludec¢ni kyselina a zZluc), a schopnost kolonizovat stfevni trakt, odkud se bakterie mohou
mnozit a §ifit na mista nachylna k infekci (Fiore et al. 2019). K té tedy dochazi, pokud
enterokoky pfemohou obranu hostitele, replikuji se s dostate¢nou rychlosti a intenzitou, a
pokud dojde k patologickym zménam zaptiinénym piimou toxinovou aktivitou nebo

nepiimo poskozenim tkani zadnétlivou odpovédi (Johnson 1994).
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U cloveéka jsou nejcastéjSimi patogennimi enterokoky s infekénim potencialem E. feacium a
E. faecalis (Zhou et al. 2020). Béhem poslednich dvou dekad se E. faecium celosvétove
rychle rozsifil jako nozokomialni patogen diky uspéSnému piizpusobeni se podminkam

prostiedi a ziskani odolnosti viici 1é¢bé glykopeptidy (Bonten et al. 2001; Top et al. 2008).

Enterokoky maji virulen¢ni faktory predevsim ve formé agregaénich latek, enterokokového
povrchového proteinu, cytolysinu, gelatindzy, genll rezistence na antibiotika (Sava et al.
2010) a schopnosti produkce superoxidi (Wang & Huycke 2007) — viz Tabulka 2.2. Mnoho z
genll pro faktory enterokokové virulence se naléza na konjugativnich plazmidech nebo je
kodovano v transpozonech, takze mohou byt snadno pienosné (Palmer et al. 2010).
Enterokoky maji schopnost vymény genetickych determinant nejen mezi sebou, ale také s
bakteriemi jiného rodu (Sung & Lindsay 2007). Pro pteziti v husté osidlené nice, jakou jsou
stteva teplokrevnych savcl, produkuji enterokoky bakteriociny, koédované mobilnimi

elementy (Brock et al. 1963).

Tabulka 2.2: Piehled virulenénich faktoru a jejich biologickych u¢inku u enterokokd
(pfevzato z Vu & Carvalho 2011)

virulen¢ni faktor biologicky ucinek

usnadnuje vazbu k hostitelskym buiikdm

agregacni latky (povrchové adheziny) umoznuje mezibunéény kontakt pfi konjugaci

enterokokovy povrchovy protein umoziuje ptilnavost k povrchiim; podili se na tvorbé biofilmu

inhibice ristu grampozitivnich bakterii

cytolysin Iyza makrofagi a neutrofild

gelatinaza hydrolyza Zelatiny, kolagenu, kaseinu a hemoglobinu
extracelularni superoxid neznamy; mozny podil na lyze erytrocytl

antibioticka rezistence rezistence napt. k aminoglykosidim, B-laktamiim a vankomycinu




Komplikaci pii 1é¢bé infekci zplisobenych enterokoky predstavuje jejich omezena citlivost
vici antibiotikiim indukovana rezistenénimi geny (viz Tabulka 2.3), které jsou enterokokim
vlastni, ¢i geny ziskanymi. Uvadi se, Ze enterokoky maji primarni rezistenci vaci
cefalosporinim, aminoglykosidiim, linkosamidim a streptograminim (Hollenbeck & Rice
2012). U pacientd 1écenych antibiotiky se enterokoky akumuluji ve vysokém poctu (Taur et
al. 2012) a koexistuji a spolupracuji s jinymi mikroby rezistentnimi na antibiotika, coz jim
dava moznost ziskat nové rezisten¢ni mechanismy kédované mobilnimi prvky (Fiore et al.
2019). Ptehled antibiotik, pro néZ byla u enterokoku zjisténa snizena citlivost je uveden

v

v Tabulce 2.3. Nejvyznamnéj$i hrozbu, kterd je vramci odolnosti enterokokd vuci
antibiotikim sledovana, pifedstavuji vankomycin-rezistentni (VR) E. faecalis a E. faecium
(Ahmed & Baptiste 2018). Raza et al. (2018) uvadi, ze VR enterokoky jsou pfitomné
V podstat¢ u vSech pacientd, u nichz se po chirurgickém zdkroku, ¢i béhem
gastrointestinalniho onemocnéni vyvine bakterémie, a Ze tato okolnost je spojena s vysokou

mirou Umrtnosti.

Tabulka 2.3: Antimikrobialni rezistence enterokoku (pfevzato z Garcia-Solache & Rice 2019)

Antimikrobialni tFida (latka) :’t;li):t?ez:(;t/zg‘e’?ér%en Rezisten¢ni mechanismus
iminogly_kosidy (gentamicin, aac-2'-aph-2"-le, aph-3'-1lla modifikace aminoglykosidu
anamycin)
B-laktamy EEE; EE ;Zggi::rs])) snizena afinita k antibiotiku
chloramfenikol cat acetylace chloramfenikolu
klindamycin Isa(A) eflux antibiotika (pravdépodobng)
daptomycin liaESR ?IlLtjelza?tcye membranového napéti a
erythromycin ermB ribozomalni metylace
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Pokracovani Tabulky 2.3

fluorochinolony

gyrA, parC

modifikace oblasti determinujici
chinolonovou rezistenci

vanA, vanB, vanD, vanM/vanC,

modifikace peptidoglykanového
prekurzoru ukonéeného D-

glykopeptidy vanE, vanG, vanL, vanN laktatem/D-serinem
oxalidazon geny Rrna mutace snizujici anfinitu
y cfr metylace 23S rRNA
rifampin rpoB bodova mutace snizujici afinitu
streptomycin ant-6 modifikace streptomycinu
tetracvklin tet(L) eflux antibiotika
yKiiny tet(M) ribozomalni ochrana

tigecyklin

tet(L), tet(M)

zvySena exprese

2.1.2.3 Epidemiologicka situace

Enterokoky (vCetn¢ E. faecalis a E. faecium) jsou celosvétové druhou nejcastéji izolovanou
grampozitivni bakterii souvisejici s infekcemi, vyskytujici se v ptiblizné¢ 19,5 % ptipada
(Huang et al. 2019). V minulosti byly enterokoky spojovany hlavné s infekcemi mocovych
cest, ale v posledni dobé se stale vétsi pocet enterokoktl izoluje z jinych infekci, predevSim

vV nemocnicnich zafizenich (Ugkay et al. 2017).

Vankomycinova rezistence je povazovana za vyznamnou hrozbu ve zdravotnictvi, a proto je
VR E. faecium veden na seznamu prioritnich patogenti (priorita vysoka — stupen 2 ze 3), pro
které je novy vyvoj a objev antibiotik nezbytny (WHO 2017). VR enterokoky jsou také
monitorovany jak prostfednictvim ECDC v Evropské unii, tak Centry pro kontrolu a prevenci
nemoci v USA (Centers for Disease Control and Prevention, CDC). V pribéhu roku 2019 byl
v Evropské unii/Evropském hospodatském prostoru (EU/EHP) zachycen vyskyt 25 041
izolati E. faecalis, z kterych u 13 368 (53 %) byla testovana citlivost k vysokym davkam
gentamicinu odhalujici 26,6% miru rezistence k tomuto antibiotiku (pokles z 31,9 % v roce
11



2015); a 16 632 izolata E. faecium, z kterych u 16 432 (99 %) bylo provedeno testovani
citlivosti k vankomycinu, které prokazalo VR v 18,3 % ptipada (nardst z 10,5 % v roce 2015).
Distribuce VR E. faecium v EU/EHP nevykazuje zadny vyrazny geograficky vzorec a pouze
13 ze 30 zemi, kde byl VR E. faecium detekovan, vykazuje miru vyskytu pod 5 %. Nejvyssi
vyskyt VR E. faecium byla zaznamenana na Kypru (> 50 %) (ECDC 2020a). CDC odhaduje,
ze vroce 2017 bylo hospitalizovano 54,5 tisice pacientd s VR E. faecium, kvuli nemuz
zemielo 5400 osob, a povazuje tohoto patogena, vzhledem k vzrustajicimu trendu poctu
nakaZenych ososb, za velmi vyznamného (stupen 2 ze 3) (CDC 2019). Shiadeh et al. (2019)
na zakladé¢ dat WHO a dostupnych studii konstatuji, ze s nejvysi mirou vyskytu krevnich
izolath VR E. faecium se lIze setkat pfedev§im v jihovychodni Asii a ve vychodnim

Stifedomofi.

2.1.2.4 Moznosti lécby a prevence

Tradicné¢ 1écba enterokokovych infekci spocivda ve vyuziti synergickych ucinkl
aminoglykosidu a antibiotika, ovliviiujiciho bunéénou sténu bakterii, jako je ampicilin nebo

vankomycin (Vu & Carvalho 2011).

Pokud enterokoky nevykazuji vysokou rezistenci vuéi [-laktamim (ampicilin),
aminoglykosidim (streptomycin) nebo glykopeptidim (vankomycin), mize mit kombinace [3-
laktamu nebo glykopeptidu a aminoglykosidu baktericidni u¢inek (Lopez et al. 2009). Latka
aktivné ovlivilyjici bakteridlni bunénou sténu (glykopeptidy nebo p-laktamy) blokuje
syntézu peptidoglykanu, ¢imz umoznuje vstup aminoglykosidu, a proto tato synergie muze
mit poztivni vysledky (Arias et al. 2010). Moznosti 1écby VR enterokoktli pak dale zahrnuji
tigecyklin, linezolid, daptomycin, quinipristindalfopristin, platensimycin, nitrofurantoin a
fosfomycin, avSak lze nalézt zpravy o rezistenci 1 k témto latkdm, a proto je dilezZity
management antibiotické terapie konkrétnich izolati (O’Driscoll & Crank 2015). Modifikace
struktury vankomycinu mohou byt v budoucnu také piinosné pro 1é¢bu infekci zptisobenych
VR enterokoky (Isenman & Fisher 2016).

Strategie prevence a kontroly pro VR enteroky zahrnuji omezeni nadmeérného uZzivani
vankomycinu a cefalosporind, vyhybani se zbytecné hospitalizaci, Skoleni nemocni¢nich
pracovnikl pro rychly screening a hlaSeni VR u enterokokil a zavedeni bezdotykové sanitace

prostiedi, aby se zabranilo komunitnimu pfenosu enterokoku (Isenman & Fisher 2016).
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2.1.3 Listeria spp.
2.1.3.1 Charakteristika

Rod Listeria, pojmenovany po Lordu Listerovi, britském chirurgovi a prikopnikovi antisepse,
zahrnuje vSudypfitomné, pravidelné, pomoci bicikii se pohybujici kratké tyCinky S
rovnobéznymi stranami a tupymi konci o velikosti 0,4-0,5 x 1-2 um, které se obvykle
vyskytuji jednotlivé nebo v kratkych fetézcich, (McLauchlin & Rees 2009). Listerie jsou
grampozitivni, nesporotvorné, aerobni, ¢i fakultativné anaerobni bakterie s nizkym obsahem
GC, které jsou blizce piibuzné rodim Bacillus, Clostridium, Enterococcus, Streptococcus, a
Staphylococcus (Vazquez-Boland et al. 2001). Dosud bylo identifikovano celkem 21 druhd
(Parte 2018), z nichz pouze dva, L. monocytogenes a L. ivanovii, jsou patogeny ¢lovéka
(L. ivanovii velmi vzacné), resp. prezvykavca (Guillet et al. 2010). Optimalni teplota pro rtst
L. monocytogenes, kterd je schopna zmény mezi saprofytismem a virulenci v zavislosti na
prostiedi (David & Cossart 2017), je mezi 30 az 37 °C, avSak listerie toleruje i nizké teploty
(kolem 1 °C), kyselé pH a vysoké koncentrace soli, coz zni ¢ini vyznamny potravinovy

patogen (Tasara & Stephan 2006; Gandhi & Chikindas 2007).

Bakterie Listeria spp. mohou byt izolovany z rtuznych zdroju Zivotniho prostiedi, véetné
pidy, vody, odpadnich vod, velkého mnozstvi potravin a vykali lidi a zvitat (Fenlon 1999).
Zda se, ze vyskyt L. monocytogenes v povrchovych vodéach souvisi s pfimym vyuZivanim
pudy proti proudu fek, konkrétné s péstovanim plodin, vyrobou silazi a chovem dobytka,

YV wevr

pti¢emz silaz je nejbéznéjsim zdrojem kontaminace L. monocytogenes (Khan et al. 2016). Za

cey

pfirozené prostiedi listerii se povazuje rozkladajici se rostlinnd hmota, kde Ziji jako saprofyté.
Klicovou roli pfi uchovavani listerii v prostfedi hraji domestikovani i divoce Zijici
piezvykavci, ktefi jsou nezbytnou soucasti tzv. nepfetrzitého cyklu fekalné-oralniho
obohacovani (Weis & Seeliger 1975). Lyautey et al. (2007) ve své studii potvrzuji ze
prevalence L. monocytogenes u divokych zvifat mize dosahovat az 60 %. Jak jiz bylo
uvedeno, patogen také obyva gastrointestinalni trakt lidi a zvirat; nehygienické postupy proto

mohou usnadnit jeho $ifeni prostfednictvim kontaminovanych potravin a provozua (Davis et al.

2019).
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2.1.3.2 Patogenita

Studie bunécné patogeneze listeridzy prokazaly, ze L. monocytogenes je fakultativni
intracelularni patogen, ktery ma jedineCnou schopnost vyuZzivat proteiny hostitelské bunky k
Siteni mezi buitkami. Schopnost L. monocytogenes piimo se Sifit z builkky do bunky (bez
kontaktu s extracelularnim prostiedim) poskytuje morfologické vysvétleni, pro¢ bunécna
imunita hraje kli¢ovou roli v ochrané proti listerioze (Abuaita & O’Riordan 2014). Z in vitro
tkanovych modelt infekce L. monocytogenes lze definovat nasledujici stadia infekce:
1) internalizace L. monocytogenes v hostitelské bunce (Pizarro-Cerda et al. 2012);
2) bakterialni unik z hostitelské vakuoly (Marquis et al. 1995); 3) mnoZeni bakterie v
cytoplazmé hostitelské bunky (Chico-Calero et al. 2002) a pohyb cytoplazmou pomoci
bakterialn¢ fizené polymerace hostitelskych aktinovych vldken (Goldberg 2001);
4) bakterialni pohyb na povrch hostitelskych bun€k a vytlaCovani bakterialnich bunék ve
strukturach podobnych pseudopodiim (Sechi et al. 1997); 5) fagocytoza téchto struktur
sousednimi buiikami, nasledovand tinikem bakterie z vysledné dvoumembranové vakuoly,

coz umoznuje opakovani cyklu (Chaturongakul et al. 2008).

Listerie oplyvaji celou fadou virulenénich faktort, které umoziuji vySe popsany parazitarni
cyklus mnoZeni uvniti bunck hostitele, pficemz hemolytickd aktivita listerii je davdna do
ptimé souvislosti s jejich patogenitou (Skalka et al. 1982). Proto mezi jedny
z nejvyznamngéjSich virulen¢nich faktord patii hemolysiny, jako je napf. listeriolysin O, ktery
umoziuje bakteriim unik z fagozomu (Gedde et al. 2000). Dale se lze u listerii setkat
s produkci fosfatidylinositol-specifické fosfolipazy C, kddované genem plcA, a nespecifické
fosfotidylcholin fosfolipazy C, kodované genem plcB, které spole¢né s jinymi faktory, ¢i
samostatné, umoznuji bakteridlnim buiikkdm unik z dvoumembranové vakuoly, ¢1 fagozomu
(Camilli et al. 1993; Smith et al. 1995). Protein actA, koédovany genem actA, zpfistupnuje
shromazd’'ovani a polymeraci aktinu, a umoziiuje intracelularni motilitu patogennich listerii
(Vazquez-Boland et al. 2001). Na tvorbé biofilmi (Marino et al. 2000) a na prachodu
placentarni a stfevni bariérou (Bonazzi et al. 2009) se podileji neméné dilezité¢ faktory,
internaliny, proteiny kédované geny, které jsou ddvany do souvislosti s virulenci patogennich

druht listerii (Vazquez-Boland et al. 2001).
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2.1.3.3 Epidemiologicka situace

L. monocytogenes, jako hlavni ptivodce lidské listeridzy, je intracelularni bakterie schopna
infikovat pestrou Skalu typi bunék a prochéazet stfevni, hematoencefalickou a placentarni
bariérou (Rahimi et al. 2014). Humanni listeridéza je sporadicky se vyskytujici onemocnéni
prenasené potravinami, které je epidemiologicky spojeno s konzumaci kontaminovanych
potravinaiskych vyrobku (Jalali & Abedi 2008). U zdravého ¢lovéka mohou byt ptiznaky
listeridzy mirné, projevujici se pouze jako spontanné mizejici onemocnéni podobné chiipce
nebo febrilni gastroenteritid¢, avsak u citlivych jedincti mtize zplisobovat zdvazné systémoveé
infekce vcetné meningitidy, septikémie a potratl (Rahimi et al. 2014). Vysoce rizikovymi
skupinami jsou t€¢hotné Zeny, novorozenci, starsi lidé, jedinci se snizenou imunitou, anebo
rakovinou (Mateus et al. 2013). Listerioza mize byt vaznym onemocnénim s piiblizné 20%
umrtnosti, kterda mize nartst u skupin se zvySenym rizikem (Allerberger 2003). S ohledem na
jeji Sirokou distribuci v potravinach a vysokou miru umrti na listeridzu, je L. monocytogenes
povazovana za jeden z hlavnich problémi vefejného zdravi (Vazquez-Boland et al. 2001).
Grif et al. (2003) navic odhalili, ze L. monocytogenes lze detekovat ve stolici malého procenta

asymptomatickych, zdravych dobrovolniki.

Identifikace listeridozy probiha na zdkladé ptipadi invazivniho onemocnéni, ktera se vyskutuji
samostatné, ¢i ohniskov€, a prostfednictvim programll bezpecnosti potravin (Drevets &
Bronze 2008). Doposud celosvétové nejvetsi ohnisko listeriozy bylo zaznamendno
Vv Jihoafrické republice od ledna 2017 do Cervence 2018, kdy bylo hlaseno celkem 1 060
ptipadli s odhadovanou tmrtnosti 30 %, pficemz nejpravdépodobnéjsim zdrojem nakazy byly

zpracované masné vyrobky urcené k ptimé spotebé (Smith et al. 2019).

V EU/EHP bylo v roce 2017 potvrzeno 2 502 piipadu listeriozy (vzestupny trend) s vékove
standardizovanou  incidenci  (vazeny pramér veékové  specifickych  incidenci)
0,42 piipadd/100 000 obyvatel a nejvyssim vyskytem u skupiny osob starSich 64 let. Nejvyssi
pocet potvrzenych piipadii mélo Némecko a Francie (44 % vSech ptipadi hlaSenych v
EU/EHP). Nejvys$s$i miry ozndmeni byly poté pozorovany na Islandu a ve Finsku (ECDC
2020b). Nizsi pocty zaznamenali o rok pozdéji v USA, kdy zde bylo potvrzeno 864 piipadi
listeridzy, s inciden¢ni mirou vyskytu 0,26/100 000 obyvatel (CDC 2019b).
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2.1.3.4 Moznosti lécby a prevence

Jelikoz je listerioza relativné vzacné onemocnéni, neexistuji zadné prospektivni Iin vivo
antibiotické studie, a jako zakladni vstupni informace se v terapii vyuzivaji in vitro studie,
kazuistiky a odborné posudky (Janakiraman 2008). Kvuli intracelularni povaze listerii je
vybér ucinné antimikrobidlni 1é¢by obtizny, jelikoz antibiotikum musi pronikat do hostitelské
buiky (idedln¢ aktivnim, popf. pasivnim transportem), a vzhledem k virulentni povaze listerii
a jeji perzistenci se musi antibiotikum pevn¢ vazat na intracelularni cil, kterym jsou penicilin-

vazajici proteiny, a musi mit schopnost deponace bez zmény intracelularniho pH (Hof 1991).

Antibiotiky prvni volby pro 1é¢bu infekei zptsobenych listeriemi jsou nejcastéji B-laktamova
antibiotika ~ (amoxicilin, ampicilin a  penicilin), v druhé linii  nasledovana
trimethoprim/sulfamethoxazolem (TMP/SMX) a erytromycinem pro pacienty s alergii na
penicilin, a v piipadé asociované infek¢éni endokarditidy také vankomycin (Temple & Nahata
2000).

V soucastnosti se lze u listerii setkat s akvizici rezistencnich mechanismi, komplikujicich
1écbu listeridzy jesté vyraznéji, mezi néz lze pocitat: (i) horizontalni pfenos rezistencnich
gend, ktery byl potvrzen konjugaci plazmidu udélujiciho Streptococcus agalactiae rezistenci
k makrolidim, lincosamidim, chloramfenikolu, a streptogramintim do listerie (Evans &
Macrina 1983; Charpentier& Courvalin 1999); (ii) tvorbu perzistentnich populaci v ne¢inném
stavu, které se ned¢li, coZ jim umoZiluje odolavat baktericidnim antibiotikim a podminkdam
prostiedi (Knudsen et al. 2013); (ii1)) tvorbu biofilmua, zvySujicich toleranci listerii ke
kvarternim amoniovym slouceninam, které se vyuzivaji jako dezinfekéni prostiedky (Borucki
et al. 2003; Yoon et al. 2015); a (iv) efluxni pumpy, jako je tieba Lde, ktera udava rezistenci

listerii ke fluorochinolotim a ciprofloxacinu (Godreuil et al. 2003; Jiang et al. 2018).

Epidemiologické vyzkumy prokazaly, ze listerie mohou byt pfenaSeny téméf veSkerymi druhy
potravin, avSak vétSina samostatnych 1 vSechny ohniskové piipady jsou spojeny s
pramyslovymi potravinami (Heikkinen et al. 2000). Listeri6za s ohniskovym vykytem byva
Casto indukovana ,ready-to-eat® masem (napf. masova paStika) (Kurpas et al. 2018) a
mlécnymi vyrobky (zejména mekké syry) (Jackson et al. 2018). Pasterizace ni¢i buiky
listerii, a proto ohniska listeridzy z mléka souviseji vétSinou se sekundarni kontaminaci, ¢i
nedokonalou pasterizaci (Cherubin et al. 1991). Vzhledem ktomu, Ze jsou listérie
vSudypfitomné, vytvoreni plant, které by naprosto vyloucily kontaminaci, je v podstaté
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nemozné. Riziko je mozné snizit omezenim piijmu nepasterizovanych mléénych vyrobki,
minimalizaci kfizové kontaminace a dikladnou dezinfekci povrchi, jez se dostavaji do

kontaktu s potravou (Janakiraman 2008).
2.1.4 Staphylococcus aureus
2.1.4.1 Charakteristika

Staphylococcus aureus, z feckého staphylé — hrozen, kokkos — bobule a latinského aureus —
zlaty, je druh nepohyblivych, nesporulujicich grampozitivnich bakterii néalezicich k rodu
Staphylococcus. Bakterie praimérné velikosti 0,5-1 um se vyskytuji samostatné, v parech, ¢i
tvoti shluky ve vypouklych, hladkych, lesklych, prisvitnych koloniich s ucelenymi okraji,
jejichz pigmentace se pohybuje v odstinech Sedé, zIuté az oranzové (Schleifer & Bell 2009).
S. aureus byl poprvé identifikovan v hnisavé tekutiné z abscesu nohy Ogstonem v 80. letech
19. stoleti a kratce nato formaln¢ izolovan Rosenbachem (Newsom 2008), ktery rozlisil lidské
stafylokokové izoldty na zdkladé pigmentace jejich kolonie, navrhujice nomenklaturu S.
aureus a S. albus pro zluté, respektive bilé kolonie (Rosenbach 1884). Posledné jmenovany
druh je nyni oznacovan jako S. epidermidis (Thomer et al. 2016). Stafyloxantin, karotenoid
vazany na membranu, produkovany S. aureus, je zodpovédny za Zlutou pigmentaci kolonii.
Produkci pigmentu jsou zachycovany reaktivni formy kysliku, ¢imz je S. aureus chranén pied
fagocytarni eliminaci (Clauditz et al. 2006). Schopnost srazet lidskou a zivoc¢isnou krev nebo
plazmu je charakteristickym znakem S. aureus a je zprostfedkovan dvéma secernovanymi
produkty, koagulazami (Coa) a von Willebrand-faktor vazajicim proteinem; S. epidermidis je
Coa negativni, S. aureus Coa pozitivni (Cheng et al. 2010). Mezi Coa pozitivni stafylokokové
druhy jsou dale fazeny napi. S. delphini, S. intermedius, ¢i S. pseudintermedius, druh, ktery se
prizptisobil riznym hostitelim (norek, liska, holub a pes), ale nekolonizuje lidskou populaci

(Guardabassi et al. 2012).

S. aureus stabiln¢ kolonizuje nozdry, kazi, ¢i perineum pfiiblizné jedné tretiny lidské
populace, zatimco dalsi tfetina je kolonizovand pouze obcasné (van Belkum et el. 2009).
S. aureus je také invazivnim patogenem a ¢astou pifi¢inou onemocnéni kiize a mekkych tkani,
krevniho fecisté a také puvodcem otrav z jidla (Schleifer & Bell 2009). Jakmile patogen
vstoupi do krve, replikuje se a §ifi na mnoho riiznych mist téla, coz Gsti v zavazné projevy
onemocnéni, jako je sepse, infekéni endokarditida a hluboké abscesy prakticky v kazdé
mozné organové soustavé (David & Daum 2010). Komplikaci infekci S. aureus je tzv.
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syndrom toxického Soku indukovany produkci enterotoxint (A, B, C — 3 typy, D a E), kdy
patogen na vstup do organismu odpovidd produkci enterotoxin-podobnych proteini

(Silversides et al. 2010).

2.1.4.2 Patogenita

S. aureus ma rozsahly repertoar virulencnich faktort, ktery mu umoziuje prezit extrémni
podminky v hostiteli. K infekcim dochazi ¢asto v dasledku ptimého vniku S. aureus do
oteviené rany, ¢i predispozi¢nim poSkozenim sliznice v dusledku virové infekce, kdy se
predpokladd, ze pocatecni expozice bakterii S. aureus vici hostitelskym (predevsim
muko6znim) tkanim ¢i kizi vyvolava upregulaci virulenénich genti (Novick 2003). Na tvorbu
bakterialnich produkti, ¢i poskozeni tkané reaguji fagocyty a bunéény epitel hostitele aktivaci
imunitniho systému, kdy jsou peptidoglykan a lipoproteiny S. aureus rozpoznany pattern
recognition receptory (Fournier & Philpott 2005; Hashimoto et al. 2006). Produkty rozkladu
hyaluronanu (Scheibner et al. 2006) a endogenni ligandy ,.toll-like* receptorii (RNA, DNA,
HMGBI1) uvoliiované nekrotickymi tkanémi (Pisetsky 2007; Cavassani et al. 2008) béhem
infekce dale zvySuji prozanétlivou signalizaci organismu vedouci k aktivaci lokalnich
imunitnich bunék a mnozeni neutrofili a makrofagti (Liu 2009). Po dosazeni mista infekce
uvolni neutrofily fadu antimikrobidlnich latek, véetné antimikrobidlnich peptidl, reaktivnich
forem kysliku (ROS), reaktivnich forem dusiku (RNS), protedz a lysozymu. Obrana proti
ROS je u bakterii S. aureus zprostfedkovana aktivaci velkého poctu antioxidacnich enzymu
(napf. katalazy, pigmenty, superoxid dismutaza), které neutralizuji ROS a RNS (Foster 2005).
Antimikrobidlni peptidy, které cili na negativné nabité bakterie, nejsou viici S. aureus Gc¢inné,
nebot’ tento méni své povrchové napéti (Peschel et el. 2001; Collins et al. 2002). Navic jsou
antimikrobialni peptidy degradovany (aureolysin) (Sieprawska-Lupa et al. 2004) a
neutralizovany (stafylokinaza) (Jin et al. 2004). Bakteridlni invaze a pteziti v hostiteli nezavisi
pouze na Gspé€Sném vzdorovani imunitnimu systému, ale také na GspéSném ziskavani Zivin,
zejména zeleza (Maresso & Schneewind 2006). Béhem bakterialni infekce je 95 % Zeleza
deponovano bezpecné v hostitelskych bunkach a sérové zZelezo je vétSinou vazdno na
hostitelské proteiny, které nejsou snadno piistupné. Pokud dochazi u S. aureus k nedostatku
zeleza, bakterie vyluCuji vysoce afinitni slouceniny vézajici Zelezo (aureochelin a
stafyloferrin) (Drechsel et al. 1993). Navic, pokud S. aureus detekuje nizky obsah Zeleza,

iniciuje transkripci programu pro ziskavani zeleza, ktery umoznuje zachycovani hemu a
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haptoglobinu na bunééném povrchu, transport komplexu zeleza pies plazmatickou membranu

a naslednou oxida¢ni degradaci hemu v cytoplazmé (Maresso & Schneewind 2006).

Bézné indukuje bakterialni infekce u hostitele adaptivni imunitni odpovéd’ do sedmi az deseti
dnii, ¢imz se omezi probihajici infekce a zabrani se tak budouci reinfekci. Jednim z
charakteristickych znaka S. aureus je vSak schopnost patogena infikovat stejného hostitele
opakované po cely zivot. Zakladnim mechanismem alterace adaptivni imunitni odpovédi jsou
stafylokokové enterotoxiny, toxiny syndromu toxického Sok a Eap (analog hlavniho
histokompatibilniho komplexu II. tfidy), ménici funkci T-bunék prostiednictvim zmény
aktivacniho procesu jejich receptorit (Lee et al. 2002; Llewelyn & Cohen 2002), ¢imz
S. aureus brani rozvoji dlouhodobé imunitni paméti. Goodyear a Silverman (2004) prokazuji,
ze S. aureus produkuje protein A, ktery odc¢erpava B-buiky z marginalni zony sleziny, ¢imz
dochazi k poskozeni tvorby specifické odpovédi B-lymfocyti. Tyto mechanismy spojené s
vyse popsanymi strategiemi blokuji i¢innou protilatkovou vazbu na bakterialni povrch, coz je
dle Liu (2009) divodem nachylnosti k opakovanym infekcim S. aureus béhem Zivota stejného
hostitele. Dalsi virulenéni mechanismy klinického vyznamu S. aureus zahrnuji a) tvorbu
biofilmu, ktery umoziuje ptezivani bakterie napt. na plastovych povrsich a odolédvani obrané
hostitele nebo antibiotikim (Foster 2005) a b) tvorbu malych kolonii, které umoziuji S.
aureus prezivat v metabolicky neaktivnim stavu nepfiznivé zivotni podminky. Varianta
malych kolonii se Gcastni také chronickych infekci, jakymi je napt. osteomyelitida (von Eiff

et al. 2006).

Dalsim fenoménem spojovanym s bakterii S. aureus je fakt, ze produkuje v reakci na rizné
stresy tzv. perzistery, ktefi pfedstavuji urCitou c¢ast bakteridlni populace, kterd vykazuje
toleranci k antibiotikim (Kubistova et al. 2018). Podle zjisténi Peyrussona et al. (2020),
S. aureus Vv ptitomnosti vysoké koncentrace riiznych antibiotik, vykazuje dvoufazovy zptsob
usmrcovani, coz znamena, ze vétSina bakteridlni populace je citlivda a rychle usmrcena,
zatimco subpopulace s pomalejSi rychlosti usmrcovani pretrvava mnohem delSi casové

obdobi. Perzistentni populace navic vykazuje reverzibilitu fenotypu po odstranéni antibiotika.

2.1.4.3 Epidemiologicka situace

Jak jiz bylo uvedeno vySe, S. aureus je béZznym komenzilem asi 30 % lidské populace
(Wertheim et al. 2005). Zaroven je hlavni ptfic¢inou bakterémie a infek¢ni endokarditidy, jakoz
1 infekci souvisejicich s osteoartikuldrnimi, koznimi a mékkymi tkanémi, pleuropulmonarnimi
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chorobami, infekcemi mocového traktu a je spojen také se syndromem toxického Soku,
meningitidou, ¢i septickou tromboflebitidou (Tong et al. 2015). Diky své vysoké rezistenci a
Siroké Skale onemocnéni, jez je schopen vyvolat, je hlavni infekci, kterou 1ze ziskat pienosem
Vv nemocnicnich zafizenich (Weinstein et al. 2001). S timto fenoménem je spojen predevsim
tzv. meticilin-rezistentni S. aureus (MRSA), vysoce rezistentni bakterie, ktera diky
ptitomnosti mecA genu odolava 1é€beé penicilinovymi antibiotiky produkci tzv. penicilindz (B-
pricin infekci spojenych se zdravotni péci a antimikrobidlnimi latkami, implementovalo
béhem posledniho desetileti nékolik evropskych zemi ndrodni akéni plany zameétené na
omezeni Sifeni MRSA ve zdravotnickych zatizenich (ECDC 2015). Z vysledki monitoringu
ECDC (2015) poté vyplyva, ze procento izolatl S. aureus hlasenych jako MRSA se ve vétSing
evropskych zemi stabilizuje ¢i snizuje a prumérny vyskyt MRSA na obyvatele se také

postupn¢ snizuje, avSak predevsim V jizni a vychodni Evropé zlstava stale vyssi nez 25 %.

Tuto situaci potvrzuji také Hashiguchi et al. (2019), ktefi fadi mezi evropské staty s nejvyssim
podilem vyskytu MRSA Rumunsko, Maltu, Portugalsko, Kypr a Recko. Celosvétové je pak
zemi s nejvy$$im procentem MRSA rezistentnich izolati Indonésie, nasledovana Cinou,
Japonskem a Peru (Tabulka 2.4). Medianova hodnota poctu osob nakazenych na tzemi
EU/EHP bakteriemi MRSA se vroce 2015 pohybovala okolo 150 tisic, pfiemz je
odhadovano, ze z téchto ptiblizné 7 tisic osob na nédsledky onemocnéni zemielo (Cassini et al.
2019). MRSA je bakterii zvySujici nejen mortalitu a morbiditu, ale i vydaje za nemocniéni
péci a prodluzuje samotnou dobu léCeni postizenych osob (Monecke et al. 2011). Bylo
zjiSténo, Ze 18 % infekénich epidemii v letech 1946-2005 bylo v USA zplisobeno
mikroorganismy se zvySenou odolnosti k ur¢ittmu druhu 1éCiv, jakymi je S. aureus
(Archibald & Jarvis 2011). Na spole¢ném tizemi EU, Islandu a Norska se MRSA onemocnéni
krevniho fecisté nejvice vyskytuje v populaci primérného véku 20-30 let, coz se vyrazné
odlisuje od dalsich bakterii zptsobujicich infekce krve (vankomycin-rezistentni Enterococcus
faecium a penicilin-rezistentni Streptococcus pneumoniae), nejcastéji se vyskytujicich u déti
kolem deseti let véku (ECDC & EMEA 2009).
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Tabulka 2.4: Podil MRSA izolatt v 52 zemich OECD (pievzato z Hashiguchi et al. 2019)

% MRSA % MRSA % MRSA
Stat rezistentnich izolatl Stat rezistentnich izolatd Stat rezistentnich izolatl
Rumunsko 57 Lucembursko 9 Svycarsko 4

Recko 39 Francie 16 Turecko 25
Slovensko 28 Némecko 11 Peru 53
Italie 34 Estonsko 4 SAE 37
Bulharsko 13 Belgie 12 Mexiko 31
Kypr 43 UK 11 Kolumbie 43
Polsko 16 Rakousko 8 Brazilie 44
Chorvatsko 25 Dansko 2 Argentina 45
Portugalsko 47 Finsko 2 Kostarika 45
Malta 49 Svédsko 1 JAR 30
Madarsko 25 Norsko 1 1zrael 44
Lotyssko 9 Nizozemi 1 USA 43
Litva 6 Island 0 Cile 26
Spanélsko 25 Indie 45 Japonsko 53
CR 14 Cina 57 NZ 36
Irsko 18 Rusko 22 Kanada 18
Slovinsko 9 Indonésie 18

- e

Legenda: Barevné schéma — minimum v modré, stfedni hodnota v bilé¢, maximum v ¢ervené
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2.1.4.4 Moznosti lécby a prevence

Prakticky vSechny kmeny bakterii S. aureus byly na pocatku 40. let dvacatého stoleti, kdy byl
penicilin G oficialn¢ piedstaven, citlivé vici tomuto antibiotiku, avSak jiz v roce 1944 se
objevily prvni zpravy o penicilin-rezistentnim S. aureus a dnes jsou prakticky vS§echny kmeny
rezistentni na pfirodni peniciliny, aminopeniciliny, antipseudomonalni peniciliny (Neu 1992)
a vlivem zkiizené rezistence také na oxacilin (Cormican & Jones 1996). Nejprve byly ptipady
penicilin-rezistentniho S. aureus omezené a objevovaly se pouze ve zdravotnickych
zafizenich, avSak v prubéhu Casu byly detekovany rezistentni druhy rozsitujici se ve stale Sirsi
komunit¢ (Chambers 2001). Posléze byl k 1é¢bé infekci zpltisobenych na penicilin
rezistentnim S. aureus vyvinut meticilin a dal$i peniciliny rezistentni na penicilinazy, které se
setkaly s pocateénim uspéchem, nicméné v pritbéhu Casu se zacaly objevovat a Sifit kmeny
MRSA — nejprve Vv nemocni¢nim prostiedi a posléze v ramci bézné populace (Rice 2006).
Pravidelna ohniska MRSA byla pozorovana v rtiznych statech od 70. let 20. stoleti a obvykle
byla spojovana s vysokym uzivanim meticilinu na jednotkach intenzivni péce (Palavecino
2004), ale az v 80. letech se MRSA stal opravdu zavaznym problémem (Panlilio et al. 1992).
V soucasné dobé je MRSA povazovén za hlavni problém v nemocni¢nich zatizenich, ale 1 v
Sirsi populaci po celém svéte (Diekema et al. 2001), a je také uveden na seznamu prioritnich
patogent Svétové zdravotnické organizace (dulezZitost vysoka — stupenn 2 ze 3), pro které je

novy vyvoj a objev antibiotik nezbytny (WHO 2017).

Béznou praxi v 1écbe infekci zpisobenych na B-laktamazy-pozitivnimi MRSA izolaty je
kombinace p-laktamového antibiotika (amoxicilin) spolu s B-laktamazovym inhibitorem
(kyselina klavulanovéd) (Jamil et al. 2017). Obecné je nozokomidlni MRSA rezistentni
k SirSimu spektru antibiotik (tzv. multirezistence) diky tomu, Ze exprese genu mecA
kodujiciho nizkoafinitni penicilin vazajici protein (PBP2a) udéluje S. aureus kromé meticilinu
rezistenci 1 k jinym B-laktamim (Utsui & Yokota 1985). Zaroven tato rezistence zahrnuje
typicky 1 jiné tfidy antibiotik (Aucken et al. 2002), a infekce zpisobené MRSA je tak tézké
1é¢it vzhledem ktomu, Zze multirezistence zahrnuje dale aminoglykosidy, makrolidy,
linkosamidy, tetracykliny, cefalosporiny, karbapenemy, kombinace zahrnujici B-laktamazové
inhibitory, trimethroprim, sulfonamidy a chinolony (Baquero 1997). V nedavné dobé byla
identifikovana u lidskych i zvifecich MRSA izolati nova varianta mecA znama jako mecC
(mecC-MRSA), koédujici PBP2c, ktery vSak nezprostiedkovava pfimo rezistenci na penicilin
(Garcia-Alvarez et al. 2011). Sirokospektra rezistence B-laktamt u kmenti mecC-MRSA je
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spise zprostfedkovana kombinaci PBP2c¢ a odlisné B-laktamazy kodované blaZ  cazsi, ktera je
soucasti mecC kodujictho SCCmec typu Xl. (Ba et al. 2015). Vzhledem Kk vyskytu
multirezistentnich kmenti S. aureus je v klinické praxi k 1é¢b¢ infekci MRSA bézné pouzivan
vankomycin (Tabuchi et al. 2017). AvSak i u tohoto antibiotika byl nedavno hlaSen vyskyt
rezistentnich kment, tzv. vankomycin-intermediate-rezistentnich S. aureus (VISA), které
vykazuji slabou toleranci vi¢i vankomycinu (MIC 4-8 pg/ml) (Howden et al. 2010) a
vankomycin-rezistentnich kmend S. aureus (VRSA), které jsou vysoce rezistentni vuci
vankomycinu, diky pfitomnosti exogennich gent, jakym je napi. vanA (Chang et al. 2003;
Melo-Cristino et al. 2013). Vzhledem kprevalenci infekci zplsobenych bakteriemi
S. aureus, mize byt empiricka terapie peniciliny nebo cefalosporiny nedostate¢na (Elliott et
al. 2009). Lee et al. (2011a) proto doporucuji kombinovanou terapii penicilinu rezistentniho
na penicilinazu nebo cefalosporinu (v pfipadé, ze bakterii je meticilin-senzitivni S. aureus)
v kombinaci s klindamycinem nebo chinolonem. Jini navrhuji pouziti klindamycinu,
TMP/SMX, rifampinu, doxycyklinu nebo chinolonu spise v kombinaci nez samostatné, a tak
se Vv regionech s relativné nizkym vyskytem rezistence na klindamycin tento muize stat
preferovanou ambulantni antibiotickou terapii (ve srovnani s TMP/SMX) (Williams et al.
2011).

Omezeni Sifeni bakterialnich infekci zplisobenych S. aureus je spojeno predevsim s prevenci
vzniku biofilmu, které jsou timto bakteridlnim patogenem tvofeny na mnoha rtiznych povrsich
(Bhattacharya et al. 2015) a také s dodrzovanim spravné hygienické praxe pii kontaktu
s nakaZzenymi MRSA v nemocni¢nich zafizenich (Bamberger & Boyd 2005). Prvni bod
zahrnuje prevenci adherence bakterie k povrchim za pomoci antibakterialnich povlaku jako je
napf. chitosan (Carlson et al. 2008), lysostafin (Windolf et al. 2014), organicky selen (Tran et
al. 2012), nanocastice stiibra (Stevens et al. 2009), nebo chelatory vapniku (Abraham et al.
2012), ¢i piimou vakcinaci vuci S. aureus (van den Berg et al. 2015). Druhym opatfenim je
izolace a dodrzovani piisnych hygienickych opatieni pfi kontaktu s pacientem nakazenym
MRSA — noseni rukavic a ochrannych oblekt pfi vstupu do mistnosti, pokud se pfedpoklada
kontakt s pacientem nebo pfedméty v mistnosti, myti rukou po odstranéni rukavic apod.

(Boyce et al. 2004).
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2.1.5 Streptococcus spp.
2.1.5.1 Charakteristika

Nazev bakterii rodu Streptococcus, vychazejici z latinského spojeni slov streptus a coccus, je
oznacuje jako poddajné hrozny, coz vystihuje jejich morfologické znaky, mezi které nalezi
sféricky nebo vejcity tvar, velikost mensi nez 2 um v pruméru, a vyskyt v fetézcich nebo
Vv parech. Grampozitivni, fakultativné anaerobni buniky streptokokt jsou déale charakteristické
nepohyblivosti, neschopnosti tvofit Spory, chemoorganotrofii s fermetativnim metabolismem

produkujicim laktézu bez tvorby plynii, a negativnim katalazovym testem (Whiley & Hardie

2009).

Tradi¢n¢ se streptokoky subklasifikuji dle vzhledu na krevnim agaru, ktery uréuje jejich
rozdéleni na zaklad¢é stupné hemolyzy do tii skupin na alfa-hemolytické, indukujici na
krevnim agaru pouze ¢asteCnou hemolyzu; beta-hemolytické s plnou hemolytickou aktivitou
(s vyjimkou Str. dysgalactiae subsp. dysgalactiae, ktery neni beta-hemolyticky, ale je do této
skupiny zarazen z taxonomickych divodit); a ne-hemolytické (Parks et al. 2015; Abranches et
al. 2019). Facklam (2002) d¢li streptokoky pouze na beta-hemolytické a ne-hemolytické,
jelikoz tvrdi, Ze slozeni média véetné typu krve a inkubaéni atmosféry muze ovlivnit, zda
dojde k tzv. ,,alfa* hemolyze, a Ze neexistuje zadny zdokumentovany enzym nebo toxin, ktery

by ovliviioval €ervené krvinky a umoZioval streptokokiim alfa-, tedy ¢astecnou hemolyzu.

Pomoci sérologického systému vyvinutého Rebeccou Lancefieldovou v roce 1933, jsou druhy
beta-hemolytickych streptokokii dale klasifikovany podle typu hlavniho povrchového
polysacharidového antigenu (Lancefield 1933). Druhy beta-hemolytickych streptokokt
nejCastéji  spojovanych s huménnimi a veterindrnimi chorobami jsou ftazeny do
Lancefieldovych skupin A, B, C, a G. Antigen skupiny A a skupiny B je charakteristicky pro
konkrétni druhy, zatimco antigeny skupin C a G se vyskytuji na malém poctu blizce
pfibuznych druhii (Casto souhrnné nazyvané jako tzv. skupina C/G) (Facklan 2002).
Konkrétné, skupina A zahrnuje napf. Str. pyogenes, nejvice patogenni druh streptokokd,
zpusobujici Zivot ohrozujici invazivni infekce, jako je nekrotizujici fasciitida a syndrom
toxického Soku, ktery je spojen s vysokou morbiditou a mortalitou (Ibrahim et al. 2016);
skupinu B piedstavuje Str. agalactiae, patogen, ktery je ¢astou pfi¢inou morbidity a mortality
ve vysoce rizikovych populacich (t€hotné Zeny, novorozenci a star§i osoby) a podili se na

vzniku bovinnich mastitid (Raabe & Shane 2019); skupina C zahrnuje predevsim zvifeci
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patogeny, jako je Str. dysgalactiae subs. dysgalactiae, ktery mimo jiné vyvolava zanét
vemene (Rato et al. 2011); skupina G poté zahrnuje lidské i zvifeci druhy streptokoki, jako je
Str. canis, ktery zpusobuje napf. infekce mocovych cest a kiuize, ¢i syndrom toxického Soku

(Lam et al. 2007).

Streptokoky vsak také mohou byt déleny pomoci sekvena¢nich metod na zakladé podobnosti
jejich 16S rRNA do Sesti skupin, jmenovité pyogenni, mitis, salivarius, bovis, mutans a
hyovaginalis. Skupina streptokoki pyogennich (Str. pyogenes a Str. agalactiae) a mitis
(Str. pneumoniae) zahrnuje jak komenzalni, tak téZce patogenni druhy zpusobujici zavazné
infekce u lidi 1 u zvitat. Skupina salivarius slucuje streptokoky, jejichz spole¢nym znakem je
mimo jiné pfitomnost vyznamného mnozstvi kyseliny eikosanové (napi. Str. salivarius,
Str. thermophilus). Skupina bovis predstavuje soubor streptokokt lidského a zvifeciho
pivodu, jejichz klasifikace byla dlouho problematickd (napf. Str. bovis nebo
Str. pasteurianus). Do skupiny mutans jsou fazeny streptokoky spojené se zubnim plakem u
¢lovéka a nékolika druhu zvifat (napf. Str. mutans, Str. sobrinus). Skupina hyovaginalis, jak
jiz nazev napovida, sluCuje streptokoky vyskytujici se v genitaliich, ale také dychacich
cestach domacich zvifat a ptaku (pf. Str. hyovaginalis, Str. thoraltensis a Str. pluranimalium)
(Whiley & Hardie 2009).

2.1.5.2 Patogenita

Mnoho druhti invazivnich streptokokovych infekei je v celosvétovém métitku povazovéano za
hrozbu pro vefejné zdravi (O'Brien et al. 2009). Bylo taktéZ prokazano, Ze napf.
Str. agalactiae muze byt spolu s jinymi streptokoky zoonotickym patogenem (Barkema et al.
2009). Nejlépe jsou prozkoumany mechanismy patogenity beta-hemolytické skupiny A,
zahrnujici Str. pyogenes, a poznatky o chovani tohoto druhu jsou aplikovatelné obecné i na
ostatni streptokoky (Facklam 2002). V prvni fazi infekce streptokoky obvykle kolonizuji
slizniéni organy, jako je nosohltan a obecné dychaci, gastrointestinalni a urogenitalni trakt
(Hasty et al. 1992). Po tomto tivodnim koloniza¢nim kroku se bakterie $ifi do dalSich organi
(Akuzawa & Kurabayashi 2016). Na nové osidlenych mistech se streptokoky mohou setkat s
odlisnymi podminkami daného prostfedi hostitele, zahrnujicimi oxidaci, teplotu, pH anebo
nedostatek zivin, které mohou v bakteriich vyvolat stresové reakce (Trainor et al. 1999).
Druhy Streptococcus spp. proto maji vyvinutou fadu mechanismu, jak je piekonat a piezit v
daném prostiedi (Hassett & Cohen 1989; Johnston et al. 2004; Abranches et al. 2006;

25



Froehlich et al. 2009; Hua et al. 2014). Bylo také prokazano, ze streptokokové dvouslozkové
systémy jsou hlavni cestou regulace genti souvisejicich se stresem u téchto bakterii (Downey

et al. 2014).

Rada studii potvrdila, Ze streptokoky skupiny A maji potencial invaze do lidskych
epitelidlnich bunék, a to s frekvenci stejnou nebo dokonce i vyssi nez klasické intracelularni
bakterialni patogeny, jako jsou Listeria a Salmonella spp. (Haidan et al. 2000; Benga et al.
2004; Ochel et al. 2014). Navic je znamo, ze streptokoky skupiny A jsou antifagocytické v
dasledku povrchové exponovaného M proteinu a kapsule s kyselinou hyaluronovou (Moses et
al. 1997). Byly navrzeny dva mechanismy, které¢ vysvétluji antifagocytarni chovani M-
pozitivnich streptokokti. Prvnim z mechanismu je vazba faktoru H, ktery inhibuje aktivaci
drahy komplementu (de Cordoba et al. 2004), a druhym mechanismem je schopnost
fibrinogenu vazat se na M protein, ¢imz dochazi k blokaci aktivace komplementu (Carlsson et
al. 2005).

Pro kolonizaci hostitelskych tkani a bunék vyuzivaji streptokoky celou fadu virulenénich
faktori, mezi které jsou fazeny napt. M proteiny (adheziny) a kyselina lipoteichoova pro
pfipojeni k hostitelskému povrchu; kapsule s kyselinou hyaluronovou, ktera inhibuje
fagocytozu (Cunningham 2000); extracelularni produkty, jako je pyrogenni (erytrogenni)
toxin, ktery zplsobuje spalu (McCormick et al. 2001); streptokindza, kterd pfispiva k
streptokokové virulenci tvorbou plazminu, coz vede k bakteridlnimu $ifeni z priméarniho mista
infekce tim, Ze zpusobuje fibrinolyzu a degradaci slozek extracelularni matrix a bazalni
membrany (Molaee et al. 2013); a streptolyziny O a S, zodpovédné za charakteristickou zénu

beta-hemolyzy obklopujici kolonie péstované na krevnim agaru (Sierig et al. 2003).

2.1.5.3 Epidemiologicka situace

Jedingym druhem streptokoki, ktery je vzhledem ke své antibiotické rezistenci zapojeny
V monitorovacim systému stati EU a USA, je Str. pneumoniae (EFSA & ECDC 2019b; CDC
2019a). Tzv. pneumokok je oportunisticky patogen, ktery kolonizuje slizni¢ni povrchy
hornich cest dychacich ¢lovéka a Weiser et al. (2018) uvadi, ze az 27-65 % déti a <10 %
dospélych jsou prenaseci pti komenzalnim vztahu mezi bakterii a hostitelem (Abdullahi et al.
2012). Pneumokoky mohou zpisobovat infekce celé fady tkani véetné plicniho parenchymu a
mozkovych blan, jsou hlavni pfi¢inou komunitni pneumonie a dileZitou ptic¢inou bakterémie,

zejména u kojencu a starSich osob (Parks et al. 2015). Vzhledem k vysoké prevalenci vyskytu
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byly vyvinuty systémy vakcinace proti Str. pneumoniae, napt. v CR je viak ze zdravotniho
pojisténi plné hrazené olkovani déti nepovinné (MZ CR 2010). Penicilin-necitlivé
Str. pneumoniae jsou zafazeny mezi patogeny se stiedni prioritou (stupen 3 ze 3; nejnizsi),

pro nez je nezbytny novy vyvoj a objevy antibiotik (WHO 2017).

V roce 2019 nahlasilo 29 zemi EU/EHP vyskyt 19 611 izolatt Str. pneumoniae, pfi¢emz u
18 112 (92 %) izolath byla testovana citlivost vii€i penicilinu a u 18 832 (96 %) izolatl bylo
provedeno testovani citlivosti k makrolidim. Celkové bylo 1811 (16,2 %) izolath
rezistentnich alespoinl k jedné tfidé antibiotik, 751 (6,7 %) izolatd alesponi ke dvéma tfiddm
antibiotik, 45 (0,4 %) izolatim alespon ke tfem tfidam antibiotik, a 1 (<0,1 %) izolat alespon
ke Ctyfem tfidam antibiotik. Rezistence Str. pneumoniae k penicilinu se vyskytla u 4,9 %
izolatd, rezistence k makrolidim u 6,4 % izolati a kombinovana rezistence vii¢i penicilinu i
makrolidim u 6,5 % izolath. Nejvy$si miru (25 — <50 %) vyskytu penicilin-rezistentnich
S. pneumoniae na tzemi EU/EHP vykazuje Francie a Malta (EFSA & ECDC 2019b).
Centrum pro kontrolu onemocnéni v USA povazuje Str. pneumoniae za zavazného patogena
(stupen zéavaznosti 2 ze 3) a predpokladalo v roce 2014 vyskyt piiblizné¢ 900 000 ptipadt
infekce rezistentnich Str. pneumoniae, S nimiz spojena ekonomicka zatéz se pohybovala
kolem 4 miliardy USD. Déle CDC odhadovalo, ze v disledku této nakazy zemie kolem 3 600
osob. V USA jsou mimo jiné povazovany za znepokojivou hrozbu (stupenn zavaznosti 3 ze 3;
nejnizsi stupen) erythromycin-rezistentni streptokoky skupiny A (vzhledem Kk rostoucimu
trendu poctl vyskytu) a klindamycin-rezistentni streptokoky skpiny B (vzhledem k limitacim,
jez lécba téchto rezistentnich patogent pfinasi) (CDC 2019a). Song et al. (2004) uvadi, ze se
penicilinova rezistence Str. pneumoniae u izolatua z 11 asijskych zemi vyskytuje ve 29,4 %

ptipadil s nejvyssi prevalenci ve Vietnamu (71,4 %).
2.1.5.4 Moznosti l1écby a prevence

Vzhledem k druhové rozmanitosti streptokokii a mnozstvi onemocnéni, které mohou
zpusobovat je vycet moznych terapii veliky, avSak penicilin zlstava lékem prvni volby pro
beta-hemolytické streptokoky skupiny A, véetné senzitivnich kment Str. pyogenes
(Robertson et al. 2005; Camara et al. 2013). Peniciliny dodnes slouzi také jako profylaxe
recidivy streptokoky vyvolané spaly (Gerber et al. 2009). V¢asna 1écba infekci penicilinem
brani imunitni odpovédi vici streptokokovym antigeniim a soucasné piedchazi nasledkiim

steptokokdlni revmatické horeCky a glomerulonefritidy (Cunningham 2000). Problémy
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s netispéchem antibiotické 1écby infekci zpisobenych streptokoky mohou souviset
s nesnadnou eradikaci bakterialnich biofilmt (Baldassarri et al. 2006). Jako ptiklad diverzity
moznosti antibiotické 1€cby infekci zplisobenych invazivnimi streptokoky pak lze uvézt, ze
Cunningham (2000) navrhuje k 1é¢bé streptokokového zanétu nosohltanu cefalosporiny,

erythromycin a amoxicilin-klavulanat, ale Iékem prvni volby zistava penicilin.

Sifeni Str. pneumoniae rezistentnich na penicilin a jina antibiotika se stal celosvétovou
mikrobialni hrozbou (Jensen et al. 2015). Izolaty by proto mély byt laboratorné vysetieny a
méla by byt urena rezistence k jednotlivym tfidam antibiotik, pokud tato neni prokézana,
infekce by méla byt v prvni fadé 1é¢ena peniciliny (Choby 2009). U meningealni infekce
rezistentnimi kmeny streptokokt je doporucovana 1é¢ba kombinaci vankomycinu
s ceftriaxonem, nebo cefotaximem (Hameed & Tunkel 2010). Pro dosazeni maximalniho
efektu v nejkrat§im Casovém horizontu, znamenajicim minimalici ztrat, Hillerton a Kliem
(2002) popisuji jako nejucingjsi formu terapie streptokokalnich mastitid dojeného skotu
agresivni intramamarni aplikaci kombinace prekurzoru penicilinu (penetamét hydrojodidu),

neomycinu a streptomycinu s prednisolonem.

Alves-Barroco et al. (2020) doporucuji jako alternativni 1é¢bu streptokokarnich infekei
pouziti bakteriocinli, bakteriofagli a nanocastic stfibra ¢i médi, a zaroven konstatuji, ze
ucinnost téchto latek neni srovnatelna s Uc€innosti terapie antibiotiky, avSak doporucuji
kombinaci konvenc¢nich a alternativnich antibakteridlnich latek pro zajisténi maximalniho
ucinku s moznym piispénim k omezovani Sifeni bakteridlni rezistence. Ve standardech
spravné hygienické praxe ve zdravotnictvi pro omezeni Sifeni Str. pyogenes se lze setkat
s obecnymi doporucnimi pro omezeni bakteridlniho Sifeni, které zahrnuji ¢asté myti rukou,
noSeni ochrannych prostfedkid a izolaci infikovaného pacienta (Ostrowsky & Rosenthal
2018).

2.2 Vyznamné druhy komenzalnich bakterii GIT

Odhaduje se, ze GIT cloveéka i zvitat obyvaji biliony mikrobd (Bermudez-Humaran &
Langella 2012). Martin et al. (2013) konstatuji, ze tento mikroekosystém je zasadni pro
udrzeni homeostazy zdravého jedince, jelikoz komenzalni bakterie poskytuji hostiteli nejen
zakladni Ziviny a metabolizuji nestravitelné slouceniny, ale 1 brani kolonizaci oportunnich

patogent a pfispivaji mimo jiné k rozvoji stfevni architektury i ke stimulaci imunitniho
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systému. TaktéZz je znamo, ze plvodni mikroorganismy se pfizpusobily, aby si udrzely

vyhody (ziviny, stabilni prostfedi), které jim souziti s hostilem pi#inasi (Yamashiro 2017).

Mezi nejznamnéjsi druhy komenzalnich bakterii, které obyvaji GIT cloveka a zvitat, se fadi
bakterie rodu Lactobacillus spp. a Bifidobacterium spp. (He & Shi 2017). Tyto druhy jsou
zaroven s jinymi bakteriemi také probiotické a jejich role v prevenci degenerativnich
onemocnéni, jako je obezita, cukrovka, rakovina, kardiovaskuldrni onemocnéni, malignita,

onemocnéni jater a zanétlivé onemocnéni stiev, je intenzivné studovana (Azad et al. 2018).
2.2.1 Bifidobacterium spp.
2.2.1.1 Charakteristika

Rod Bifidobacterium patii do kmene Actinobacteria a spolu s dal$imi deviti rody tvoii ¢eled’
Bifidobacteriaceae (Turroni et al. 2011). Jeho nazev vychazi z latinského spojeni bifidus
(rozstépeny, rozdeleny) a bacterium (mala ty¢inka), oznacujici bifidobakterie jako rozstépené
ty¢inky. Nazev vystihuje morfologickou stavbu téchto bakterii, kterou predstavuji tyCinky
variabilniho tvaru. Lze se setkat s kratkymi, pravidelnymi, tenkymi buiikami se zaSpic¢atélymi
konci; pravidelnymi kokoidnimi buiikami; dlouhymi buiikami s mirnymi ohyby, vycnélky,
nebo s velmi rozsahlym vétvenim; nebo $pi¢atymi buiikami s mirné€ rozvétvenymi konci
kyjovitého, ¢i Spachtlovitého tvaru. Takto tvarované buiiky se mohou vyskytovat v prostredi
samostatné, navazané v mnohobunéénych fetizcich, v hvézdicovitych agregatech, usporadané
do tvaru pismena ,,V*, ¢i do palisad (Biavati & Mattarelli 2009). Bifidobakterie vykazuji
vétveni a pleomorfismus predevSim za nepiiznivych podminek, za béznych okolnosti jsou
ty¢inkovitého tvaru (Rasi¢ & Kurmann 1983). Jsou fazeny mezi grampozitivni (avSak Casto se
nepravidelné¢ barvici methylenovou modii), nesporulujici, nepohyblivé bakterie, které
nevykazuji acidorezistenci v pribéhu Ziehl-Neelsenova barveni (Biavati & Mattarelli 2009).
Tento bakterialni druh je popisovan jako striktné anaerobni, ackoli né€které kmeny mohou
tolerovat kyslik (Simpson et al. 2004). Citlivost ke kysliku se vSak miize liSit mezi
jednotlivymi druhy, a dokonce také mezi riiznymi kmeny v ramci jednoho druhu (Shimamura
etal. 1992; Ahn et al. 2001; Talwalkar & Kailasapathy 2003). Nékteré druhy a kmeny mohou
tolerovat kyslik, ale pouze v pritomnosti oxidu uhli¢itého, pficemZz jiné druhy (B.
psychraerophilum, B.scardovii a B. tsurumiense) mohou rast dokonce i za aerobnich
podminek (Okamoto et al. 2008).
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V soucasné dob¢ se rod Bifidobacterium sklada z 85 (pod)druhd, které jsou rozlozeny v sedmi
ruznych ekologickych nikach, zahrnujicich GIT lidi, savcid, ptdkd a socidlniho hmyzu;
odpadni vodu; a ustni dutinu (Ventura et al. 2007; Turroni et al. 2011). Bifidobakterie byly
puvodné izolovany a popsany mezi lety 1899-1900 Henrym Tissierem, ktery pozoroval
rozdily mezi hojné se vyskytujicimi nepravidelnymi bakteriemi ve tvaru Y ve vykalech déti
kojenych a déti krmenych z lahvi. Tato bakterie byla pivodné pojmenovana Bacillus bifidus
(Leahy et al. 2005). Orla-Jensen (1924), dansky mikrobiolog navrhl klasifikovat B. bifidus
jako samostatny druh rodu Bifidobacterium, kdyz vysvétlil, Ze rizné druhy bifidobakterii
bezpochyby tvofi samostatny rod, ktery mozna tvoii spojovaci ¢lanek mezi bakteriemi
mlééného kvaseni a bakteriemi rodu Propionbacterium. Taxonomicka shoda pro tento novy
rod vSak nebyla nalezena a po vétSinu 20. stoleti byly bifidobakterie, vzhledem k jejich
ty¢inkovitému tvaru a obligatnim fermenta¢nim vlastnostem, klasifikovany jako zastupci rodu
Lactobacillus. Nakonec byl vSak, na zaklad¢ studii popisujicich hybridizaci DNA, obsah GC
a jejich jedine¢né metabolické schopnosti, rod Bifidobacterium ustanoven (Ventura et al.
2004).

2.2.1.2 Ekologie

Na uvod zminéné ekologické plivody bifidobakterii pfedstavuji spole¢nou biologickou niku,
kterd je charakterizovdna skutecnosti, Ze velky pocet bifidobakteridlnich hostiteld pecuje o
své potomky (Turroni et al. 2019). Ekologicky puvod tedy pravdépodobné umoziuje
maternalni dédivost bifidobakteridlnich bun€k. Tento pfedpoklad byl potvrzen zmapovanim
podobnosti kment bifidobakterii matek a jejich potomkt (Milani et al. 2015; Avershina et al.
2016). Maly pocet bifidobakterialnich (pod)druhd, jako jsou B. pseudolongum,
B. adolescentis, B. pseudocatenulatum a B. bifidum, byl izolovan z riznych zivocisnych
hostiteld, a z tohoto diivodu jsou tyto uznavany jako kosmopolitni bifidobakterialni taxony.
Naproti tomu jiné (pod)druhy, jako je napt. B. breve, se zdaji byt mnohem méné rozsifené,
pravdépodobné z diivodu adaptivniho chovéni, které je hostitelsky specifické (Milani et al.
2017). Z bifidobakterii, které se vyskytuji u primatt, jsou né¢které druhy bézn¢ identifikovany
vzorcich stolice kojenych déti (B. bifidum, B. breve a B. longum subsp. infantis) (Turroni et
al. 2012). Nebylo vsak potvrzeno absolutni déleni bifidobakterialnich (pod)druhti na kojencké
a adultni. Takova zjiSténi maji smysl z hlediska vertikalniho pifenosu bifidobakterialnich
druhti z matky na dité, ktery zahrnuje i druhy ,,dospélého* typu, jako je B. adolescentis
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(Duranti et al. 2014; Duranti et al. 2016). Rozdilna pfevaha jednoho druhu nad jinymi v GIT
dospélych a novorozenct je ovlivnéna odlisSnym komplexnim slozenim stfevni mikrobioty,

ktera je zase vyrazn¢ urCena stravou hostitele (Turroni et al. 2018).

2.2.1.3 Probiotické vlastnosti a jejich vyuZiti v praxi

Termin probiotikum je slovo, znamenajici v piekladu ,,pro zivot“ a v soucasné dob¢ se
pouziva k oznadeni bakterii spojovanych s pfiznivymi ucinky na zdravi ¢lovéka a zvirat
(Sanders et al. 2019). Dalsi definici tohoto slova muze byt, Ze probiotikum jsou ,,zivé
mikroorganismy, které pii konzumaci v pfiméfeném mnozstvi poskytuji pozitivni uc¢inek na
zdravi hostitele” (Guarner & Schaafsma, 1998). Jako ptiklad prospé$nosti bifidobakterii
mimo travici trakt lze uvést vyzkum Lee et al. (2011b), ktefi potvrdili, Ze kmeny
Bifidobacterium mohou byt pouzity v prevenci vzniku zubniho kazu bez naslednych
neptiznivych G¢inkd. Rod Bifidobacaterium zahrnuje ¢tyfi probiotické kmeny, jmenovité

B. animalis, B. bfidum, B. breve a B. longum (Chalas et al. 2016).

B. animalis je bakterie kolonizujici tlusté stievo vétSiny savct, véetné lidi. Diive samostatné
klasifikované druhy, B. animalis a B. lactis, byly v soucasnosti identifikovany jako jeden —
B. animalis se dvéma poddruhy, B. animalis subsp. animalis a B. animalis subsp. lactis
(Masco et al. 2004). Guyonnet et al. (2007) zkoumali benefity konzumace fermentovaného
mléka obsahujiciho B. animalis u pacienti se syndromem drazdivého tra¢niku a dosli k
zaveru, Ze prispiva ke zvySeni kvality Zivota subjektd, pfi¢emz potvrdili pfinos probiotické

1éCby u této terapie (Isselbacher et al. 2005).

B. bifidum osidluje sliznici tlustého stfeva a pochvy, ¢imz zabrafuje stievni kolonizaci druhy
jako je Salmonella spp. a Clostridium spp. u ¢lovéka i zvitat (Tejero-Sarifiena et al. 2013; EI-
Sharkawy et al. 2020). Jeho probioticka aktivita souvisi s produkci kyselin mlééné a octové,
které snizuji hladinu pH ve stfevé a zabranuji tak riistu patogenti (Sarkar & Mandal 2016).
Kromé toho B. bifidum umoznuje zvySeni absorpce Zeleza, zinku, vapniku a hoi¢iku ve stieve
(Chalas et al. 2016). Tento kmen muze byt vyuzit pti 1ébé cirhdzy jater (Lo et al. 2014),
zacpy a zazivacich poruch u kojencu (Tabbers et al. 2011), a pfi regulaci postantibiotické

funkce stfev (Ojima et al. 2020).

B. breve vykazuje schopnost inhibovat velké mnozstvi patogennich bakterii (Simone et al.

2014), stejné tak jako schopnost utilizovat rostlinnou vlakninu (Crittenden et al. 2002).
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Existuje fada studii, jez potvrzuji rozvoj nemoci, jako jsou alergie (Ren et al. 2018), ¢i
syndrom drazdivého traéniku (Saggioro 2004), v prostfedi se snizenym poctem B. breve.
Hlavni funkci této bakterie je provadét fermentaci cukrti za vzniku kyseliny mlécné a octové
(Soccol et al. 2010). Bylo prokazano, ze aplikace B. breve pozitivné ovliviiuje leCbu fady
détskych onemocnéni traviciho traktu, véetné post-antibiotického prijmu (Bozzi Cionci et al.

2018).

B. longum je prvotnim kolonizatorem détského zazivaciho traktu a zaroven
nejreprezentativnéj$i soucasti détské prirozené mikrobioty (Garrido et al. 2013). Diky
postupnému osidlovani jinymi bakteriemi (Eubacterium a Bacteroides) vsak v dospélosti
zastupuje pouze minoritni soucast celkového mikrobiomu traviciho traktu ¢lovéka (Rinninella
et al. 2019). V roce 2002 byly tfi dfive odliSované druhy, B. longum, B. suis, B. infantis,
Klasifikovany spoleéné jako B. longum, protoze jejich DNA vykazuje vyznamné analogie s
97% podobnosti 16S rRNA (Sakata et al. 2002). Pfitomnost téchto bakterii v GIT ma ptiznivy
vliv na snizeni laktézové intolerance (Oak & Jha 2019) a omezeni potravinovych alergii
(Ozdemir 2010), v prevenci prijmi (Szymanski et al. 2008) a snizeni kolonizace GIT
patogeny (Wong et al. 2019). Perzistence téchto bakterii ve stfevnim traktu je spojena s
ptitomnosti fimbrii a silnymi elektrostatickymi vlastnostmi, které umoziuji adhezi B. longum
ke sténé epitelu (Inturri et al. 2014; Chalas et al. 2016). Tuto adhezi posiluje kyselina
teichoova, prvek bunécné stény B. longum (Westermann et al. 2016). Urcita ¢ast konkrétnich
kment B. longum také vykazuje antioxida¢ni vlastnosti inhibici peroxidace kyseliny linolové
(Lin & Chang 2000). Zmitiovany mikroorganismus navic hydrolyzuje Zlu¢ové kyseliny, ¢imz
pfispiva ke snizeni hladiny cholesterolu v téle (Kumar et al. 2012). B. longum bylo také
uspesné aplikovano v terapii rakoviny, jelikoz bylo odhaleno, Ze dokdze lokalizovat
hypoxické oblasti solidnich nadori a zde po intravendznim podani proliferovat (Yazawa et al.
2000). Mize byt také vyuzito pii regulaci imunitni odpovédi organismu (Ruiz et al. 2017), a

regeneraci pokozky (Lukic et al. 2017).
2.2.2 Lactobacillus spp.
2.2.2.1 Charakteristika

Laktobacily (z latinského lactis — mléko, a bacillus — ty¢inka) jsou vétSinou nepohyblivé,
fakultativné anaerobni, grampozitivni, nesporulujici, dlouhé a §tihl¢, n€kdy zahnuté tyCinky

az kratké koryneformni kokobacily (Casto se spojujici do fetizkl) s fermentativnim
32



metabolismem (Hammes & Hertel 2009). V soucasné dobé¢ je v literatufe popsano vice jak
250 druhii laktobacilli, a neustile jsou vyzkumem identifikovany nové, a jedna se tak o
nejhojnéjsi rod fadu Lactobacillales (Afouda et al. 2017). Jsou to mikroorganismy
fermentujici sacharidy a hlavnim koneénym produktem tohoto metabolismu je kyselina
mlécna, coz laktobacily fadi mezi tzv. bakterie mlééného kvaSeni (Cai et al. 2012; Herbel et
al. 2013). Laktobacily produkuji velké¢ mnozstvi enzymti zapojenych do metabolismu fady
sacharidu a lze je klasifikovat podle asimilace hex6z (glukoza, mandza, galaktoza, fruktoza) a
pentdz (arabindza a xyloza), jakozto 1 dalSich druhii sacharidt (El Kaoutari et al. 2013; Drissi
et al. 2017). Podle finalniho produktu fermentace se laktobacily déli do dvou skupin:

homofermentativni a heterofermentativni, pficemz heterofermentativni laktobacily mohou byt

dale déleny na fakultativni a obligatni.

Homofermentativni laktobacily jsou klasifikovany vylucné jako obligatni, protoze vzdy
sacharidy metabolizuji glykolyzou a produkuji pouze kyselinu mlénou (> 85 %) pravé
Embden-Meyerhof-Parnasovou drahou (glykolyzou) asimilaci z hexoz, které jsou
transportovany ~membrdnovymi  proteiny zvanymi permedzy, ABC transportéry
(adenosintrifosfat vazajici kazetové transportéry) a fosfoenolpyruvat-dependentnim
fosfotransferazovy systémem. Tento metabolismus je charakterizovan rozkladem fruktdza-
1,6-bisfofatu na dvé molekuly glyceraldehyd-3-fosfatu, které se pfevadéji na laktat (Pessione
2012; Salvetti et al. 2012).

Obligatné heterofermentativni laktobacily mohou fermentaci hexéz produkovat kyselinu
mlécnou, kyselinu octovou, ethanol a oxid uhli¢ity; a fermentaci pentézy poté kyselinu
mlécnou, kyselinu octovou, a ethanol pomoci fosfoglukonatové a fosfoketolazové drahy. Tato
skupina postrada aldolazu, ktera je klicovym enzymem glykolytického metabolismu (Abdel-
Rahman et al. 2013).

Druhy laktobacilti naleZici do fakultativné heterofermentativni skupiny mohou vyuzivat jak
homo-, tak heterofermentativni metabolismus v zavislosti na dostupnosti sacharidi. Mohou
fermentovat hexdzu glykolytickymi cestami nebo pouzit pentdzo-fosfatovou cestu k asimilaci
pentdzy, protoze vlastni enzymy obou drah — aldolazu i fosfoketoldzu. Pii fermentaci pentdz
vsak na rozdil od obligatn¢ heterofermentativnich druhti neprodukuji oxid uhli¢ity (Sutula et

al. 2012; Von Wright & Axelsson 2012; Drissi et al. 2017).
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2.2.2.2 Ekologie

Koexistence laktobacill s rostlinami a zvifaty trva na Zemi jiz miliony let (Battistuzzi et al.
2004). Laktobacily jsou omezeny naro¢nymi pozadavky na rist, a proto osidluji habitaty
bohaté na ziviny, mezi né€z patii: a) fermentované nebo zkazené potraviny a krmivo pro
zvirata, b) environment véetn¢ povrchu rostlin a pady, c) téla bezobratlych a obratlovcti (Duar

etal. 2017).

Bylo prokazano, ze zastupci rodu Lactobacillus se bézné vyskytuji v mléénych vyrobcich,
jako jsou jogurty a syry, a hraji dalezitou roli pii jejich vyrobé (Mannan et al. 2017).
Laktobacily dominuji mikrobioté ptevazné vétSiny fermentovanych potravin a jsou organismy
schopnymi piispivat k jejich kazeni (Hammes & Hertel 2009; Ginzle 2015). Fermentace
silaze, zeleniny a mnoha obilovin je zavisla na mikrobioté¢ surového materidlu, ktery je
zdrojem bakteridlniho inokula, zahrnujicicho taktéz laktobacily (Duar et al. 2017). Rizné
druhy kvaSeni, vcetné procestt mlééné¢ho kvaSeni, vzniku kvéasku a fermentace masa, jsou
kontrolovany pfetrvavajici pivodni mikrobiotou (zahrnujici laktobacily), pfimo spojenou s
produkénim prostiedim (Scheirlinck et al. 2009; Chaillou et al. 2013; Ripari et al. 2016).
Organismy jsou v prubéhu téchto fermenta¢nich procest vystaveny nepietrzitému mnozeni po
celd desetileti nebo dokonce staleti, a v podstaté jsou v danych fermenta¢nich prostiedich
zdomacnélé (van de Guchte et al. 2006; Vogel et al. 2011; Ding et al. 2014). Adaptace
k habitatu fermentace potravin mize byt demonstrovana napf. rychlym a trvalym
zmenSovanim velikosti genomu L. delbrueckii ssp bulgaricus (van de Guchte et al. 2006); na
druhou stranu, genomicka analyza izolati L. reuteri ze stfeva a kvasku prokazala rozdilné
selektivni tlaky ze dvou prostfedi, nikoliv vSak fylogenetickou diferenciaci (Zheng et al.
2015), coZz naznacuje, Ze ekologickd nika fermentovanych potravin neni primarnim

stanovistém laktobacil (Duar et al. 2017).

Laktobacily mohou byt casto nalezeny v odpadnich vodach jako disledek fekalni
kontaminace, a piileZitostné¢ v pidach jako soucast rizosféry rostlin, nebo v disledku
odplavovani z fylosféry (Hammes & Hertel 2009). Piestoze mohou byt laktobacily
prilezitostné izolovany z rostlinného materialu jako je napf. pSenice, jsou jen vzacnou a
minoritni slozkou rostlinnych endofyt (Minervini et al. 2015) a mohou byt detekovany pouze
na rostlinném povrchu, kde se nachdzeji stopova mnozstvi sacharidii podporujici jejich riist

(Mercier & Lindow 2000). Pocet laktobacilt se vSak zvysuje pii poSkozeni rostlinnych pletiv,
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kdy se jednoduché a slozité sacharidy mohou stat substraty dostupnymi pro laktobacily.
Vzhledem k tomu, ze je vyskyt laktobacild v této ekologické nice pouze sporadicky, nejsou

povazovany za rostlinné symbionty, ale spiSe za jejich epifyty (Miiller & Lier 1994).

Laktobacily jsou bézn¢€ izolovany z riznych druhti hmyzu, v€etné much a v¢el, a z obratlovct,
zejména pak ptakt, hlodavci, lidi a hospodarskych zvitat. Hostitelsky rezervoar laktobacilt je
vSak pravdépodobné Sirsi, protoze veédecké vyzkumy byvaji z velké Casti omezeny na
domestikovand zvitata a lidi (McFrederick et al. 2013; Martino et al. 2016). Primarnim
stanovi$tém u zvifat jsou télesné organy, v nichz je skladovana potrava (napi. predzaludek a
vole), a které lze nalézt jak u hmyzu (mouchy, v¢ely, ¢melaci), tak u obratlovcu (driibez,
hlodavci) (Duar et al. 2017). U ¢loveka se laktobacily vyskytuji v ustni duting, GIT a ve
vagin¢ (Walter 2008).

2.2.2.3 Probiotické vlastnosti a jejich vyuZiti v praxi

Zdravotni pfinosy fermentovanych potravin a pfidana hodnota poziti bakterii mlééného
kvasSeni, vcetn¢ laktobacill, za ucelem prevence nebo 1écby néckterych konkrétnich
onemocnéni, byly jiZz v minulosti prokazany, a lze Konstatovat, ze bez ohledu na puvod
(tradi¢ni nebo prumyslovy) jsou fermentované potraviny aktivnimi zdroji laktobacilil, kteti
vstupuji do zazivaciho traktu, kde mohou mit pozitivni, ale i negativni vliv na hostitele

(George et al. 2018).

Probiotika zahrnujici bakterie mlééného kvaseni se pouzivaji pii 1é¢bé Siroké Skaly
gastrointestinalnich onemocnéni, zahrnujici infek¢ni prijmy, syndrom drazdivého tracniku a
zanétliva onemocnéni stiev (Coriat et al. 2017). Adheze laktobacili ke stfevni tkani epitelu
souvisi nejen s jejich dobrou adhezni schopnosti, ale také s pfitomnosti mucind potiebnych
k zachyceni, ochrané a pokryti sttevniho povrchu (Nishiyama et al. 2016). Navic mize adheze
laktobacilti zahrnovat vazbu na specificky bunéény povrchovy receptor, hydrofobni interakci
mezi bunéénym povrchem a povrchem stfevni builkky, nebo muze dojit k vazbé na

extracelularni matrici jako napt. fibronektin, kolagen a vitronektin (Howard et al. 2000).

Laktobacily pfeZivaji a mnozi se ve stfevech v porovnani stadou jinych probiotickych
bakterii 1épe, jelikoz maji geny zodpovédné za degradaci a vyuziti jak jednoduchych cukri,
tak komplexnich sacharidi, a jsou schopny piezivat i ve velmi kyselém prostiedi (Corcoran et

al. 2005). Laktobacily jsou dale znamy svou schopnosti produkovat Sirokou $kalu sloucenin,

35



které pisobi pfimym antimikrobidlni ucinek proti virim a bakteriim. Mezi tyto slouceniny
patii organické kyseliny, peroxid vodiku a bakteriociny (Lebeer et al. 2008; Liévin-Le Moal
& Servin 2014; Gaspar et al. 2018). Kyselina mlé¢na (¢i kyselina octova) v nedisociované
form¢é muze difuzné, ¢i s podporou nosic¢it prochazet plazmatickou membranou patogennich
bakterii do cytoplazmy, kde uvolni protony, coz zpisobi jeji okyseleni, a v konecné fazi
poskozeni bilkovin a DNA, a naslednou inhibici energetickych procesi a syntézy
makromolekul bakterialni bunikou (Ogawa et al. 2001; Lebeer et al. 2008). Antimikrobialni
ucinek peroxidu vodiku je spojen s akutni toxicitou samotné molekuly, ¢i hydroxylovych a
superoxidovych radikalt, které vedou k oxida¢nimu stresu a zhorSuji funkce bakteridlnich
bunck (Tomas et al. 2003). Bakteriociny laktobacili maji Siroké spektrum ucéinku zahrnujici

anaeroby, grampozitivni bakterie, 1 gramnegativni bakterie (Drissi et al. 2015).

Laktobacily pfispivaji k udrzovani zdravi gastrointestinalniho traktu a nejsou obvykle
povazovany za patogeny u zdravych hostitelli, s vyjimkou zubniho kazu (Aguirre & Collins
1993; Cannon et al. 2005). Piestoze jsou tedy obecné povazovany za ochranné organismy,
stale cCastéji je popisovana jejich role v patogenizi nékterych onemocni, obzvlast u
imunokompromitovanych pacientti (Schlegel et al. 1998). Mezi tato onemocnéni je fazena

napft. infek¢ni endokarditida, bakterémie a lokalizované infekce (Cannon et al. 2005).

2.3 Antibakterialni latky

vvvvvv

uplatiované v humanni 1 veterindrni medicin€ (Aminov 2010). V nepiimé formé byly
antibakterialni latky konzumovany s potravou jiz ve starovéku (Cook et al. 1989; Nelson et al.
2010) a napft. v ¢inské lidové mediciné€ jsou takto pouZzivany dodnes (Wong et al. 2010).
Cilen¢ podavani antiinfektiv v podobé antibiotik je poté datovano do druhé poloviny

dvacétého stoleti (Mahoney et al. 1943).
2.3.1 Antibiotika

Zavedeni antibiotik do klinické praxe zpusobilo revoluci v 1é¢bé a managementu infekcnich
chorob vzhledem k tomu, ze v pfedchozich staletich byla tato onemocnéni hlavni pfic¢inou
nemocnosti a Umrtnosti lidské populace (Aminov 2017). Prvnim masoveé produkovanym
antibiotikem se stal po objevu Alexandera Fleminga penicilin (Chain et al. 2005). Identifikace

kyseliny 6-aminopenicilanové jako jadra penicilinu védci Beecham Research Laboratories ve
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Velké Britanii poté umoznila syntézu a vyrobu cetnych polosyntetickych penicilini
(Batchelor et al. 1959). Hlavni vyvoj byl zaméfen na peniciliny rezistentni na penicilinazu,
jako je methicilin, oxacilin a nafcillin; nasledované derivaty i¢innymi proti gramnegativnim
bakteriim - aminopeniciliny (ampicilin, amoxicilin a bacampicilin), karboxypeniciliny
(karbenicilin a tikarcilin) a ureidopeniciliny (mezlocillin, azlocillin a piperacilin). Dalsi vyvoj,
smétujici k pfekonavani rezistence a rozsifovani rozsahu cilovych organismi, vedl ke vzniku
kombinaci inhibitortt B-laktamaz (kyselina klavulanova, sulbaktam nebo tazobaktam) a
aminopenicilinu, tikarcilinu nebo piperacilinu (Wright 1999). Piestoze je tato skupina
antibiotik sjednocena pod zastitou PB-laktamové struktury, je nékdy délena do tfi tfid:
peniciliny, cefalosporiny a karbapenemy (Aminov 2017). Jedna se o nejcastéji predepisovana
Sirokospektra antibiotika v ambulantni péci (Lee et al. 2014; Yimenu et al. 2019), a jako
takova pfispéla k vyznamnému problému rezistence vici B-laktamiim u patogennich bakterii

(Boucher et al. 2009).

Opravdovou prvni masové produkovanou skupinou antibiotik byly sulfonamidy, které mezi
lety 1937 a 1943 ptispély k 24-36% poklesu poporodni umrtnosti, 17-32% poklesu umrtnosti
v disledku zapalu plic a k 52-65% poklesu umrtnosti na spalu (Jayachandran et al. 2010).
Celkov¢ sulfonamidy snizily umrtnost 0 2-3 % a prodlouzily délku Zzivota o 0,4-0,7 roku
(Aminov 2017). S od pocatku nedostate¢nou regulaci trhu téchto antibakterialnich latek se
poji Siroce rozsifena rezistence, ktera je vSeobecné spojena s integrony 1. tiidy, kdy mobilni
genetické elementy napomahaji rychlému Sifeni gent antimikrobialni rezistence (Aminov

2011).

Dalsi skupinou s omezenym pouZzitim, avSak ne z dlivodu bakterialni rezistence, ale kvili
samotnému mechanismu u¢inku jsou polypeptidy (Prenner et al. 1997). Tato antibiotika
funguji jako kandly a zvySuji propustnost bakteridlni bunééné¢ membrany, do které se zacleni,
¢imz se porusi iontovy gradient mezi cytoplazmou a extracelularnim prostiedim (Urry 1971).
Pokud jsou polypeptidy lidem ¢i zvifatim podany v koncentracich nizsich, nez je tfeba
k potlac¢eni bakterialniho riistu, ptisobi hemolyticky, a proto jsou obvykle pouzivany pouze

k topickému oSetieni neporusenych tkani (Oddo & Hansen 2017).

Antibiotikem, které zaznamenalo vyrazné uspéchy v 1é€b¢ dal§iho smrtelného onemocnéni —
tuberkulozy, je streptomycin, nalezici do skupiny aminoglykosidi (Grove & Hetzel 1968).
S postupné se rozvijejici rezistenci puvodce onemocnéni, Mycobacterium tuberculosis

(Plikaytis et al. 1994), byly aminoglykosidy nahrazeny u¢inngjSimi antibakterialnimi latkami
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s menSimi vedlejSimi G¢inky (Krause et al. 2016), avSak napf. gentamicin se stile pouziva
V nemocnicnich zatizenich k 1é¢bé zavaznych infekci (Kushner et al. 2016) a amikacin se
bézn¢ pouzivd na jednotkach intenzivni péCe pro lécbu Zivot ohrozujicich infekci

zpusobenych gramnegativnimi bakteriemi (Marsot et al. 2017).

Prvni latkou, ktera v klinickych testech prokazala stejn¢ Sirokou pouzitelnost jako penicilin,
byl v roce 1945 ze Streptomyces aureofaciens izolovany chlortetracyklin (Wright & Schreiber
1949). Tetracyklin byl také prvnim antibiotikem, na kterém byly v podobé krmného aditiva
piimo demonstrovany vlastnosti stimulujici rast zvitat (Castanon 2007). Vzhledem k tomu, ze
po tomto objevu byly antibiotické stimulatory rastu hojné podavany hospodaiskym zviratim,
doslo k masivnimu rozvoji bakterialni rezistence u tetracyklinii prvni generace (Chopra &
Roberts 2001). Tento fakt pfispél k zdkazu uzivani antibiotickych stimuldtorti ristu
v zivo¢i$né produkci na uzemi EU s Géinnosti od roku 2006 (EU 2003). Chemicka struktura
ptfirodnich tetracyklinii polozila zdklady vyvoji druhé generace (doxycyklin, minocyklin),
ktera je dodnes jednou z nejucinnéjsich tiid antibiotik uplatiiujicich se v boji proti bakterialni
rezistenci (Nelson & Levy 2011). Krom¢ antibakterialnich a¢inka vykazuji tetracykliny také
antioxidacni aktivitu a moduluji aktivaci a proliferaci imunitnich bunék (Aminov 2013). Déle
je u nich mozné pozorovat silné protizdnétlivé ucinky, maji neuroprotektivni,
antiproteolytické a antiapoptotické vlastnosti a inhibuji angiogenezi a metastaticky rist
(Garrido-Mesa et al. 2013). Nova (tfeti) generace tetracyklind (tigecyklin) je uzivana
K intravendzni 1é¢bé komplikovanych koznich, abdominalnich a respiracnich infekci. Je
aktivni vua¢i multirezistentnim mikroorganizmim zahrnujicim S. aureus, Acinetobacter
baumannii, Klebsiella pneumoniae a E. coli a i po letech uzivani nepiekracuje mira rezistence

u téchto bakterii 10 % (Pournaras et al. 2016).

U nékterych tiid antibiotik, jako jsou pro lécbu bakteridlni meningitidy pouzivané
amfenikoly, se lze setkat s toxicitou a vedlejSimi ucinky pii dlouhodobém pouZivani
(Chambers 2005). Aby se ptedeSlo témto problémim, byly syntetizovany jiné derivaty
amfenikolu a nékteré z nich (thiamfenikol, azidamfenikol a florfenikol) vstoupily do klinické
a veterindrni praxe. Relativné jednoduchd molekula chloramfenikolu také oteviela moZnost
vzniku hybridnich antibiotik, ve kterych jsou segmenty dvou lé¢iv kovalentné spojeny do

jedné molekuly (Dinos et al. 2016).
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Mezi dalsi tfidy antibiotik jsou fazeny napf. lipoproteiny s nejvyznamnéjSim zastupcem
kolistinem (polymyxin E) (Storm et al. 1977). Toto antibiotikum, které¢ bylo kvili svym
vyraznym vedlejSim ucinkim pouzivano pouze omezené, je nyni vzhledem K rezistenci
gramnegativnich bakterii vic¢i celé fad¢ antibiotik tzv. antibiotikem posledni volby proti
zavaznym a obtizné 1éCitelnym infekcim, jako jsou ty zpisobené multirezistentni Psedomonas
aeruginosa, K. pneumoniae a A. baumannii (Falagas et al. 2008). Rezistence bakterii (napf.
E. coli) ke kolistinu je v soucasnosti velice rychle se Sificim fenoménem pfedstavujicim

zavaznou hrozbu pro lidské zdravi (Yamaguchi et al. 2020).

Z hlediska kontroly infekci, jsou makrolidy (napf. erytromycin) druhou nejvice
piedepisovanou tfidou antibiotik po B-laktamech, ktera se zaméfuje na podobné Sirokou Skalu
bakterialnich patogentl, i kdyz s mens$i u¢innosti proti gramnegativnim bakteriim (Aminov
2017; Yimenu et al. 2019). Zjevna vyhoda makrolidi oproti B-laktamim je jejich piisobeni
proti bakteriim, kterym chybi bunééna sténa (mykoplazmata) (Block et al. 1995). Makrolidy
patii také mezi prvni moznosti 1écby u pacientll s alergiemi na penicilin (Solensky et al.

2000).

Klinicky neucinnou antibiotickou latkou proti gramnegativnim patogenim vzhledem
k bakterialni efluxni aktivit¢ (Livermore 2003a), avSak vyznamnou pii 1é¢bé infekci
zptisobenych multirezistentnimi  streptokoky, VR enterokoky a MRSA je linezolid

(oxazolidinonové antibiotikum) (Hashemian et al. 2018).

Vyznamné misto zaujima glykopeptidové antibiotikum vankomycin, které je moZnosti
posledni volby pro Zivot ohrozujici stavy, jakymi je septikémi a komplikované infekce
dolnich cest dychacich, kiize a kosti, zpisobenych grampozitivnimi bakteriemi (Boneca &
Chiosis 2003). Vznik a sifeni VR enterokokil (Arias & Murray 2012), VISA (Hiramatsu et al.
1997) a VRSA (Chang et al. 2003; Gardete & Tomasz 2014) je vSak sou¢asnym vyznamnym

problémem v 1é¢bé onemocnéni.

Jedinecnost streptograminovych antibiotik tkvi v tom, Ze kmen, kterym jsou Syntetizovana,
produkuje dvé neptibuzna antibiotika: streptogramin A, coz je cyklickd hybridni peptid-
polyketidovda makrolaktonovd sloucenina; a streptogramin B, ktery je cyklickym
depsipeptidem (Cocito 1983). Kombinace téchto dvou slouenin ma za nasledek Silny

synergicky antibakteridlni ucinek, protoZe navazani streptograminu A na bakterialni ribozom
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usnadiiuje vazbu streptograminu B na stejny cil a synergicky Gcinek latek tak mé za nasledek

rychlou smrt bakteridlnich bun¢k (Di et al. 1989).

Dalsi tfidou s jedine¢nym mechanismem antibakterialni aktivity jsou ansamyciny, konkrétné
rifamycin, ktery se zamétuje na bakterialni DNA-dependentni RNA polymerazu, bez zkiizené

rezistence s jinymi antibiotiky (Wehrli & Stachelin 1971).

Treti misto nejéastéji piedepisovanych skupin antibiotik po B-laktamech a makrolidech
zaujimaji chinolony (Yimenu et al. 2019). Vzhledem ktomu, Ze syntéza a testovani
fluorochinolont byly zaméfeny na Sirokou Skdlu bakterii, jsou vhodnymi 1éky pro kontrolu
infekci, zplsobenych jak grampozitivnimi, tak gramnegativnimi bakteriemi. Proto byly
chinolony v poslednich letech preferovanymi antibiotiky v ambulantni péci. Tento trend je
vSak vysoce nezadouci, protoze ¢asté pouzivani takto Sirokospektralnich antibiotik mize vést

k prohlubovani problému bakterialni antibiotické rezistence (FDA 2016).

2.3.1.1 Antibioticka bakterialni rezistence

Schopnost patogenii eliminovat antibakteridlni aktivitu penicilinu degradaci za pomoci
enzymi byla zaznamendva jiz na pocatku jeho uzivani (Barber 1947). Antimikrobidlni
rezistence je tak pfirozenym biologickym fenoménem, vznikajicim pfimou expozici
infek¢nich agens antimikrobidlnim latkdm pouzivanych v medicing, ¢i v zemédélstvi
(Byarugaba 2005), avSak v soucasnosti dochazi k urychleni rozvoje rezistence patogeni
(Budifio et al. 2005) a k rezidualni kontaminaci potravniho fetézce antibiotickymi latkami
(Roselli et al. 2005). WHO (2017) déli bakterialni patogeny rezitentni vuci antibiotikim do tii
skupin dle dulezitosti vyzkumu a vyvoje ¢innych antibiotik — Tabulka 2.5.

Vznik bakterialni rezistence k antibiotikim je jednim z nejlépe zdokumentovanych piipada
soucasné biologické evoluce, prestoze ptivod a princip vzniku rezisten¢nich mechanismi neni
stale pfesn¢ znamy (Davies 1994). Geny, které se v sou€asnosti uplatiiuji v ramci bakterialni
antibiotické rezistence, se vyvinuly pravdépodobné za jinymi ucely (Baquero & Blazquez
1997). Ptedpokladd se, ze mnoho determinant rezistence, které se nyni nachazeji na
plasmidech, pochéazi z chromozomu jinych druhti, ackoli jen n€kolik z pavodnich organismu
bylo s urcitosti identifikovano (Livermore 2003b). Z tohoto pohledu lze rezistenci povazovat
za nadhodny produkt, dany interakci antibiotika a konkrétniho genotypu, kdy akvizice

nékterych genl je v pfevladajicim nentibiotickém prostiedi téméf neutrdlni, avSak muze

40



pfedstavovat latentni potencial pro selekci, kterd se uplatni pouze za podminek antibiotického
tlaku (Shapiro 1997). Lze tedy rozlisit mikroorganismy povazované za ,,pfirozené¢ rezistentni
(primarni rezistence) na jednu nebo vice antimikrobialnich latek, a poté mikroorganismy se
»Zziskanou rezistenci“ (sekundarni rezistence), které byly plivodné citlivé na antimikrobiélni
slouceninu, avSak disledkem mutaci v chromozomalnich genech nebo ziskanim externich
genetickych determinant rezistence nabyly schopnost antibakterialnim slou¢eninam vzdorovat
(Munita & Arias 2016).

Tabulka 2.5: Seznam patogent prioritnich pro vyzkum a vyvoj novych antibiotik dle WHO (dle WHO 2017)

PRIORITA 1: KRITICKA

PRIORITA 2: VYSOKA

Enterococcus faecium: vankomycin-rezistentni

Staphylococcus aureus: meticilin-rezistentni, vankomycin-intermediate a rezistentni

Helicobacter pylori: klaritromycin-rezistentni

Campylobacter: fluorochinolony-rezistentni

Salmonella spp.: fluorochinolony-rezistentni

Neisseria gonorrhoeae: tieti generace cefalosporinti-rezistentni, fluorochinolony-rezistentni

PRIORITA 3: STREDNI

Streptococcus pneumoniae: penicilin-necitlivy

Haemophilus influenzae: ampicilin-rezistentni

Shigella spp.: fluorochinolony-rezistentni

* Enterobacteriaceae zahrnuji: Klebsiella pneumonia, Escherichia coli, Enterobacter spp., Serratia spp.,

Proteus spp., Providencia spp., Morganella spp.
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Timto zptisobem se vyvinuly rozdilné mechanismy bakteridlni rezistence, jakymi je dle Fluit
et al. (2001): pfitomnost enzymu, ktery inaktivuje antimikrobialni latku; pfitomnost
alternativniho enzymu namisto enzymu, ktery je inhibovéan antibakterialni latkou; mutace
cilového mista plsobeni antibiotika, kterd snizuje vazbu antimikrobidlniho Ccinidla;
posttranskripéni nebo posttranslacni modifikace cilového mista piisobeni antibiotika, ktera
snizuje vazbu antimikrobialniho Cinidla; snizené vychytavani antimikrobidlni latky; aktivni
eflux antibiotika z bunky; nadprodukce cilového mista ptisobeni antibiotika; ¢i exprese nebo

suprese genu in vivo v porovnani se situaci in vitro.

Bakterialni antibioticka rezistence je celosvétové monitorovana WHO, ktera stanovila 5 cili
k omezeni Sifeni tohoto nezadouciho fenoménu: a) zlepsit informovanost a porozuméni
antimikrobialni rezistenci prostfednictvim efektivni komunikace, vzdélavani a Skoleni,
b) posilit znalostni zakladnu a podavat dikazy prostfednictvim pozorovani a vyzkumu,
c) omezit vyskyt infekci prostfednictvim G¢inné sanitace, hygieny a opatfenimi vedoucimi k
prevenci vzniku onemocnéni, d) optimalizovat pouzivani antimikrobidlnich 1é¢iv u lidi i
zvitat, a e) rozvijet diivody pro ekonomicky udrzitelné investice, které berou v tivahu potieby
vSech zemi a zvysit investice do vyvoje novych 1ékt, diagnostickych nastroji, vakcin a jinych

intervenc¢nich nastroji (WHO 2015).

V Evropské unii je monitoringem antibiotické rezistence poveéteno ECDC. V roce 2018 bylo
v EU zahajeno nékolik urgentnich Setfeni s podezienim na Sifeni antibiotické rezistence —
jeden se tykal preshrani¢niho Sifeni karbapenemazy-produkujici K. pneumoniae cestovateli
(ECDC 2018a), dalsich pét se tykalo zdravotnickych prostiedkd, véetné protetickych chlopni,
endoskopu, ustnich vod a rukavic, které byly kontaminovany Burkholderia cepacia, Serratia
marcescens, netuberkuléznimi mykobakteriemi a smiSenymi koloniemi mikroorganismil
(ECDC 2018b). A dale ECDC zveiejnilo informace o vyskytu rezistence na ceftazidim-
avibactam u enterobakterii rezistentnich na karbapenemy (ECDC 2018c). Ceska republika je
také zapojena do programu zaméfeného na monitoring a omezovani antimikrobidlni
rezistence vramci Sit¢ evropského dohledu nad antimikrobidlni rezistenci (European
Antimicrobial Resistance Surveillance Network, EARNS-net). Podle prubéznych hlaseni je
mira reprezentativnosti vzorku ztohoto uzemi vysokda a do dohledu se zapojuje 100
laboratofi, které pracuji v souladu s EARNS-net pokyny, dle kterych testuji klinické vzorky, a
pokryvajici celkové 85 % populace CR. Z vysledkti poté vyplyva, Ze mira vyskytu

42



rezistentnich patogeni je v Ceské republice pod hranici evropského priméru napt. v piipadé

S. aureus, tak E. coli, K. pneumoniae i E. faecium (ECDC 2018b).

2.4 Alternativni antibakterialni latky

V soucasné dob¢ hraji ptirodni latky stale velmi vyznamnou roli v procesu objevovani a
vyvoje novych lé¢iv (Newman & Cragg 2020), protoze pfirodni produkty jsou bohatym
zdrojem sloucenin s antibakteridlni aktivitou (Saleem et al. 2010). Vyznamné procento
novych antibiotik jsou bud’ samotné ptirodni produkty, nebo jsou z nich odvozeny (Gohel et
al. 2006). V mnoha piipadech lze piirodni alternativy v podobé¢ jedine¢nych bioaktivnich
sloucenin nalézt v mikroorganismech, rostlinach a zivoc¢iSnych druzich, kterym se daii v
extrémnim prostiedi, jako jsou destné pralesy, pousté a horké prameny (Dai et al. 2020).
Stavajici antibioticka bakterialni rezistence a obavy znemoznosti zastavit jeji S$ifeni,
vzhledem Kk rostoucimu pocétu multirezistentnich organismi, sméfuji soucasny vyzkum a
vyvoj tfemi hlavnimi proudy: hledani novych antibiotik, vyvoj novych antibiotickych
pomocnych latek a screening alternativ k antibiotikim (Liu et al. 2019) jak v humanni
mediciné (Rello et al. 2019), tak v zivoc¢isné produkci (Van Boeckel et al. 2015).

V humanni mediciné se V soucasnosti lze setkat s alternativami k antibiotikim ve formé
ptirodnich 1é¢iv (Charlop-Powers et al. 2015), a latek s novymi mechanismy ucinku (Ling et
al. 2015). Dale také s modifikaci 1é¢iv (Bush & Bradford 2016), jejich hybridizaci (Domalaon
et al. 2018) a s pouzitim nanocastic (Kwon et al. 2017), s fagovou terapii (Abedon et al. 2017)
¢1 endolysiny (Schmelcher et al. 2012), vakcinaci (Atkins & Flasche 2018) a pouZitim
protilatek (DiGiandomenico & Sellman 2015), imunomodulaci (Hancock et al. 2012),
virulencnimi supresory (Roberts et al. 2018), modifikaci mikrobioty (Raffatellu 2018),
antimikrobialnimi peptidy (Izadpanah & Gallo 2005), inhibitory antibiotické rezistence
(Wong & van Duin 2017), bakteriociny (Cavera et al. 2015), predatorskymi bakteriemi
(Kadouri et al. 2013) a RNA terapii (Greene 2018). V zivocisné produkci se na tizemi EU se
zakazem uzivani antibiotickych stimulatord rtstu (EU 2003) vyvoj a vyzkum na poli
antibakterialnich substanci zaméfuje piedev$im na hledani novych neantibiotickych latek se
stimulacnim G¢inkem na produkci zvitat (Roselli et al. 2005) a na omezeni mozného rizika
kontaminace zivoc¢isnych produktl pii zastaveni subterapeutického podavani antibiotik, jak
bylo v pfedchozich dekadach zvykem (Skiivanova et al. 2011). Mezi takovéto latky se fadi:
fytogenni  dopliikkové  latky, napt. skofice (Toghyani et al. 2011), tymian
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(Jarriyawattanachaikul et al. 2016), ¢i ¢ernucha seta (Ghasemi et al. 2014); esencialni oleje
napi. z oregana (Peng et al. 2016) nebo maty peprné (Emami et al. 2012); probiotika a
probiotika (Marinho et al. 2007); synbiotika (Bomba et al. 2006); jilové mineraly (Lemke et
al. 2001); a organické kyseliny (Hansen et al. 2007). Uzivani nékterych neantibiotickych
stimulatort ristu, pouzivanych za ucelem zvyseni produkce namisto antibiotik, je v soucasné
dobé také omezovano. Piikladem mohou byt veterinarni pfipravky pro potravinova zvirata
s obsahem oxidu zine¢natého, u kterého je celkovd bilance piinost a rizik negativni.
Dtivodem je skutecnost, Zze hodnota antidiarrhoalniho uc¢inku oxidu zine¢natého neptekracuje
hodnotu jeho akumulacéni rychlosti v Zivotnim prostiedi a riziko jeho potencidlniho ptfispévku

ke zvySeni bakterialni rezistence (EMEA 2017).
2.4.1 Rostlinné oleje s obsahem mastnych kyselin o stiedni délce Fetézce

2.4.1.1 Charakteristika

Rostlinné oleje jsou zakladnimi slozkami vyzivy lidi a zvifat po celém svété a obsahuji rtizné
biologicky aktivni slozky, jako jsou karotenoidy, tokoferoly (Chiu et al. 2009), koenzym Q10
(de Souza Guedes et al. 2017), vitaminy, kyselina lipoova, derivaty polyfenoli a jiné
(Gulaboski et al. 2013). Jejich hlavni slozku vSak pfedstavuji mastné kyseliny (Anushree et al.
2017), coz jsou karboxylové kyseliny s nerozvétvenymi uhlikovymi fetézci, z nichz nékteré
mohou obsahovat dvojné vazby (McGaw et al. 2002). Mastné kyseliny s dvojnymi vazbami
mezi nékterymi z uhlikil jsou klasifikovany jako nenasycené a ty bez dvojnych vazeb jako
nasycené. Dale Ize tyto slouCeniny délit podle délky jejich uhlikovych fetézci na mastné
kyseliny s kratkym fetézcem (<6 uhlikti; SCFA), mastné kyseliny se stfednim fetézcem (6 az
12 uhliki; MCFA), mastné kyseliny s dlouhym fetézcem (13 az 21 uhliki; LCFA) a mastné
kyseliny s velmi dlouhym fetézcem (> 22 uhlik; VLCA). Biologicka aktivita mastnych
kyselin se 1i8i v zavislosti na stupni jejich nenasyceni a délce (Desbois & Smith 2010).

Plody tropickych palem, jakymi jsou napf. tucuma (Astrocaryum vulgare), kokosovnik
(Cocos nucifera) a palma olejna (Elaeis guineensis), jsou jednim z ekonomicky
prevalenci kyseliny laurové (Ci2:0; LA). Piedpoklada se, ze mastné kyseliny jsou odpoveédné
za antibakterialni aktivitu palmovych oleji, protoze se ale obvykle vyskytuji ve formé
triglyceridi, bylo prokézano, ze pro uplatnéni jejich antibakteridlniho ucinku je nezbytné
Stépeni do podoby volnych mastnych kyselin, ¢i monoglyceridd (Hovorkova et al. 2018).
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MCFA vykazuji inhibi¢ni ucinek vici rustu fas (McGrattan et al. 1976), plisni (Era et al.
2015), prvoku (Faciola & Broderick 2014), a jak gramnegativnich (Sun et al. 2003;
Skiivanova et al. 2006; Thormar et al. 2006), tak grampozitivnich bakterii (Bergsson et al.
2001). Také inhibuji produkci bakterialnich virulen¢nich faktorti jako jsou B-laktamazy,
toxiny syndromu toxického Soku (Ruzin & Novick 2000) a hemolysiny (Liaw et al. 2004).
Kromé& LA obsahuji oleje vySe uvedenych palem také ur€ity podil kyseliny kaprylové (Ce:),
kaprinové (Cs:o) a kapronové (Cioo), které také vykazuji rizné antimikrobialni vlastnosti
(Hanczakowska et al. 2011; Huang et al. 2011; Kollanoor-Johny et al. 2012). Batovska et al.
(2009) dochazi k zavéru, ze jejich ucinek viaci ristu bakterii je zesilen, kdyz jsou MCFA
esterifikovany glycerolem a vytvareji napt. monolaurin. Ubgogu et al. (2006) pozoruji in vitro
inhibi¢ni G¢inek oleje z palmovych jader E. guineensis na S. aureus. Dale je znamo, ze LA
vykazuje synergickou antistafylokokovou aktivitu v kombinaci s monolaurinem (Batovska et
al. 2009), kyselinou mlécnou (Tangwatcharin & Khopaibool 2012), a zejména pak s
gentamycinem (Kitahara et al. 2006).

2.4.1.2 Mechanismus antibakterialniho u¢inku

Pfesny mechanismus uc¢inku podilici se na antimikrobialnich vlastnostech mastnych kyselin a
monoglyceridi nebyl doposud objasnén. Ve skute¢nosti mohou byt ruzné bakterie a viry
inaktivovany riznymi mechanismy, pro néz bylo identifikovano nékolik moznych cilt
(Desbois & Smith 2010). Yoon et al. (2015 & 2017) pouzil mikrobalan¢ni disipaci kfemene
(Quartz crystal microbalance-dissipation; QCM-D) a fluorescenéni mikroskopii pro zkoumani
pusobeni LA, laurylsulfatu, monolaurinu, kyseliny kaprinové a monokaprinu na destabilizaci
bakterialnich lipidovych dvojvrstev, které tvoii membranu bakteridlnich bun€k. Tyto studie
prokézaly, ze testované antimikrobialni latky mély odliSné UcCinky na lipidovou dvojvrstvu,
piicemz LA, laurylsulfat a kyselina kaprinova zpusobily tvorbu tubult, laurylsulfat a
monokaprin tplnou solubilizaci dvojvrstvy, a monolaurin svym pusobenim vytvofil sférické
vy¢nélky z lipidové dvojvrstvy. Zminéné vysledky naznacuji, Ze ne vSechny mastné kyseliny
a jejich derivaty naruSuji bakterialni membrany stejnym zpusobem, i kdyz jsou délky jejich
uhlikovych fetézcti stejné (Yoon et al. 2015; Yoon et al. 2017). V nizSich koncentracich
mohou mastné kyseliny a monoglyceridy inhibovat bakterialni rast tim, ze brani déleni bun€k
interferenci s esencialnimi bunéénymi procesy v dusledku ztraty bunééného obsahu skrz
membranu se zvySenou permeabilitou. Ackoli timto neni buiika usmrcena, ztrata materialu
jeji déleni zastavi za ptredpokladu interakce mastnych kyselin ¢i jejich monoglyceridi s
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intracelularnim cilem (Churchward et al. 2018). Pfedpokladé se, Ze membranové proteinové
komplexy, vazané ve vnitini membrané a zapojené do transportniho fetézce elektront, by
mohly byt inhibovany pfitomnosti mastnych kyselin, anebo monoglyceridi mimo bunku,
pricemz jejich prinik vnéjsi membranou, peptidoglykanovou vrstvou a periplazmatem nemusi
byt nutny. Mastné kyseliny a monoglyceridy mohou také interferovat s jinymi bunéénymi
procesy vazanymi na membranu, jakymi je pfijem zivin nebo inhibice enzymut (Desbois &
Smith 2010). Mechanismem ucinku, ktery by vyzadoval vstup antibakterialni latky do burnky,
je inhibice biosyntézy mastnych kyselin uvnitt samotné bakterialni buiiky (Zheng et al. 2005;
Sado-Kamdem et al. 2009). Inhibice biosyntézy mastnych kyselin je jiz dlouho cilem ve
vyvoji 1é¢iv, protoze nabizi cil, ktery stavajici antimikrobidlni latky nevyuzivaji, ¢imz existuje

pouze mald Sance na vznik zktiZzené rezistence (Wang et al. 2020).

Nejen lipidova struktura bunééné membrany se mize meénit vlivem exogennich lipidd, jelikoz
vyznamné muze byt ovlivnéna také struktura proteinova. Organizaci membranovych proteinli
mohou totiz ovlivilovat rizné faktory, v€etné membranového napéti (Robertson 2018). Lze
piedpokladat, ze se zvySujicim se membranovym napétim, napiiklad po oSetieni lipidovych
dvouvrstev vysokymi koncentracemi LA (Yoon et al. 2015), je funkce membranového
proteinu pozménéna (Zhang & Li 2019). Takova okolnost miize ovlivnit antibakterialni
aktivitu antibiotik, jako je napfiklad oxacilin, ktera silné zavisi na jeho schopnosti inhibovat
syntézu bakterialni bunééné stény ptrednostné vazbou na proteiny vazajici penicilin (penicillin
binding proteins; PBPS), které jsou umistény uvniti bakterialni bunéc¢né stény (Papich 2007).
ProtoZe stabilita membranového proteinu zavisi také na membranové energii, mize LA snizit
fluiditu membrany a narusit systém transportu elektront, pravdépodobné v disledku omezeni
pohybu nosi¢t uvnitf membrany (Desbois & Smith 2010). Ptipadné poskozeni
membranovych elektronovych nosicli miize vést ke zméné intracelularniho a extracelularniho
pH, coz miize zpUsobit srazeni PBPs (Roch et al. 2019) a ztratu schopnosti interakce s
antibiotiky. Kromé toho muze zména extracelularniho pH ovlivnit aktivitu antibiotickych

latek, protoZe Gi¢innost téchto latek je na pH zavisla (Baudoux et al. 2007; Yang et al. 2014b).

2.4.1.3 Metabolismus

Absorpce a transport MCFA se vzhledem ke strukturdlnim rozdilim vyznamné odliSuje od
procest, jimz podléhaji v téle LCFA (Marten et al. 2006). Po hydrolizaci lipazami dutiny

ustni a zaludku v gastrointestindlnim traktu jsou vSechny mastné kyseliny, véetné MCFA,
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uvolnény z triglyceridi. Na rozdil od MCFA, jsou LCFA kombinovany s bilkovinami
zabalenim do tzv. chylomikronii — lipoproteinti (Traul et al. 2000), které jsou poté
transportovany do periferniho krevniho obéhu lymfatickym systémem a vétSinou obchazeji
jatra (Ockner et al. 1972; Ruppin & Middleton 1980). Oproti tomu kratsi fetézce MCFA
umoziuji jejich pfimou piepravu do jater bez tvorby chylomikrond (Bloom et al. 1951).
Lipoproteiny vytvofené¢ z LCFA cirkuluji v krvi a dodavaji mastné kyseliny do tkani, pfi¢emz
mohou pfispivat k hromadéni télesného tuku na sténach tepen, coz zvySuje riziko vzniku
kardiometabolickych poruch na rozdil od MCFA, které odolavaji ptilnavani ke sténam tepen,
jelikoz nejsou snadno re-esterifikovatelné. Z tohoto divodu je méné pravdépodobné, Ze
MCFA ptispivaji k ukladani a tuhnuti tuktt v krevnim fecisti (Wallace 2019). Metabolismus
vSech mastnych kyselin probihd v jatrech B-oxidaci na vnéjsi mitochondridlni membrané a je
katalyzovan acyl-koenzymem A syntetazou (Black & DiRusso 2003). MCFA se v jatrech
vzdy oxiduji na ketolatky, zatimco metabolismus LCFA zévisi na celkovém metabolickém
stavu organismu. Pokud organismus potfebuje energii, LCFA jsou transportovany do
mitochondrii, kde pokracuje jejich oxida¢ni proces, karnitinpalmitoyltransferazu I (CPT1).
Naproti tomu, MCFA nevyzaduji pro ptepravu do mitochondrii CPTI1, protoze mohou
vstupovat do mitochondrii pfimo a k prenosu MCFA do jater tak dochazi velice rychle
(Zulkanain et al. 2020). Transport MCFA neni navic pod metabolickou kontrolou L-malonyl-
CoA a jejich depozice v tukovych tkanich je nizka (Schonfeld & Wojtczak 2016).
Mitochondridlni metabolismus MCFA vede enzymaticky pfes acyl-CoA dehydrogenazu
sttedn¢ dlouhych mastnych Kyselin k produkci ketolatek, jakymi jsou piredevSim J-
hydroxybutyrat (BHB), acetoacetat a aceton (Papamandjaris et al. 1998). Tyto ketolatky se
dale preménuji na acetyl-CoA, hlavni substrat pro produkci adenosintrifosfatu v Krebsoveé
cyklu (Lei et al. 2016). MCFA jsou schopné prochazet mitochondrialni membranou svall bez
zprostfedkovani karnitinovym transportnim, tzv. kyvadlovym systémem, coZz znich déla
snadno dostupny zdroj energie (Williamson et al. 1968). MnozZstvi energie ziskané z
ketonovych latek je vzhledem k rozdiliim v jejich mitochondridlnim metabolismu ve srovnani
s glukoézou vyssi (Kashiwaya et al. 1994). Ketolatky, které vznikaji oxidaci MCFA, mohou
byt transportovany do riiznych tkéni, v€etné mozku, ktery vSak primarn¢ zavisi na glukéze
jakozto zdroji energie, protoze mastné kyseliny nemohou prochéazet na rozdil od ketolatek
hematoencefalickou bariérou, a ty tim tak pfispivajji k udrZeni energetické homeostazy
mozku (Lei et al. 2016; Wallace 2019). Ketolatky vzniklé z MCFA jsou vyuzivany jako zdroj

energie béhem nedostatku glukdzy, stavu zndmém jako ketéza (Morris 2005; Sumithran et al.
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2013). Acetoacetat a BHB mohou, jak jiz bylo zminéno vySe, prochdzet bunécnymi
membranami voln¢ a byt tak prevedeny zpét na acetyl-CoA, ktery vstupuje do cyklu kyseliny
citronové a oxiduje se v mitochondriich, ¢imZ poskytuje adenosintrifosfat (Sato et al. 1995) a
dalsi prekurzory acetylcholinu v neuronech (Hasselbalch et al. 1994). Celkovym vysledkem
rychlejsi metabolické premény MCFA je, Ze misto toho, aby byly ukladany jako tuk, energie
Z nich generovand muze byt zcela pfeméncéna na substradt pro okamzité pouziti mozkem,
organy, anebo svaly. Panuje predpoklad, ze pravé kvili odliSnému metabolismu absorpce a
rozkladu mohou mit MCFA z produktii, jako je kokosovy olej, jedinecné u¢inky na zdravi lidi
a zvirat, v€etné prevence kardiovaskuldrnich onemocnéni a Alzheimerovy choroby (Wallace

2019).

2.4.1.4 Zdravotni aspekty piijmu

V soucasnosti se 1ze setkat s rostouci spotifebou kokosového oleje a souvisejicich produktii v
ur¢itych populacich vzhledem Kk jejich moznym piinosim spojenym se zdravim (Santos et al.
2019). Nékteré epidemiologické studie naznacuji, ze diety bohat¢é na MCFA mohou byt
ucinné v prevenci indukce diabetes melllitus typu 2 a kardiovaskularnich onemocnéni (Dayrit
2003), prestoze vétsina MCFA dostupnych v potravinach, jako je kokosovy olej, je nasycena
a nasycené tuky jsou obecn€ spojovany se zvySenym rizikem vzniku kardiovaskuldrnich
onemocnéni. Nicméné, u mysi bylo prokdzano, Ze MCFA zlepSuji zdravotni parametry
spojené S cukrovkou typu 2 (Nunes et al. 2020). Mezi tyto parametry nalezi napf. sniZeni
hladiny celkového cholesterolu a nizkodenzitnich lipoproteint v krvi, snizeni aktivity aspartat
transaminazy, snizeni télesné hmotnosti a indexu télesné hmotnosti (Airhart et al. 2016).
Haynes et al. (2020) navic prokazuji pozitivni vliv (sniZeny piijem potravy a zvySeny vyde]
energie) piijmu MCFA oproti LCFA na energeticky metabolismus jejich pfednostni oxidaci
hypotalamickymi neurony regulujicimi pfijem potravy in vitro a in vivo u mysi. Pfedpoklada
se, ze piijem MCFA ma terapeuticky ucinek na poruchy nalady a kognitivni dysfunkce
(Augustin et al. 2018; Ota et al. 2016; Ota et al. 2019), a bylo prokazano, Ze kokosovy olej
zabranuje stresem vyvolanému depresivnimu a izkostnému chovani hlodavcil (da Silva et al.
2018). MCFA poskytuji télu nejen ketolatky, jako je acetat a BHB (Nonaka et al. 2016;
Thevenet et al. 2016), ale také chrani kortikalni neurony pied toxicitou vyvolanou -amyloidy
(Nafar et al. 2017). Déle bylo prokazano, Ze v rdmci stravovaciho trendu, jakym je ketogenni
dieta, spocivajicim v konzumaci vysokého mnozstvi lipida, odpovidajiciho mnozstvi proteinti,
a velmi nizkého mnozstvi sacharidi (Laux & Blackford 2013; Airhart et al. 2016), muze
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kokosovy olej obsahujici MCFA najit fadu uplatnéni (Wallace 2019). Ketogenni dieta je
dopoprucovana napt. v piipadé 1éEby metabolickych poruch souvisejicich s pyruvat
dehydrogenazou (Pavlu-Pereira et al. 2020); psychiatrickych onemocnéni jako je bipolarni
porucha (Chatterjee et al. 2020), ¢i deprese (Operto et al. 2020); nervovych degenerativnich
onemocnéni, jakymi jsou Parkinsonova a Alzheimerova choroba (Kraeuter et al. 2020);
malignich nadort jako rakovina prostaty (Kaiser et al. 2019); ¢i obezity a diabetu (Kumar et

al. 2020).

Existuje fada doporuceni zdtraznujici pozitivni u¢inky kokosového oleje na zdravi, opirajici
se o epidemiologické studie populaci, které konzumuji znacné¢ mnozstvi kokosovych produktt
(pfedevsim vsSak duziny a krému, ne piimo oleje) jako soucast tradi¢nich diet S nizkym
ptijmem zpracovanych potravin (Stanhope et al. 1981; Lindeberg et al. 1997; Abeywardena
2003). Bylo vSak prokazano, ze ptechod ktzv. zipadni diet¢ v téchto populacich vede
K narustu obezity a zhorSenému zdravotnimu stavu (Parry 2010), a proto nelze pokladat tato
doporuceni za jednoznacna (DiBello et al. 2009). Jak totiz zduraznuji Eyres et al. (2016)
v piehledové studii zamétujici se na ucinky kokosového oleje na parametry souvisejici
s kardiovaskuldrnimi onemocnénimi, vhledem k vysokému obsahu nasycenych mastnych
kyselin byl kokosovy olej vzdy klasifikovan spolu s maslem, palmovym olejem a Zivo¢iSnymi
tuky jako zdroj nasycenych tuku, a konstatuje, Ze ve srovnani s CiS nenasycenymi rostlinnymi
oleji zvySuje kokosovy olej celkovy obsah cholesterolu, vysokodenzitnich i nizkodenzitnich
lipoproteindl, prestoze v ménsi mife neZ maslo. Je tedy nutno konstatovat, ze pii konzumaci
kokosového oleje bohatého na MCFA je tfeba brat na zietel doporuceni ke sniZeni piijmu
nasycenych mastnych kyselin a jejich nahrazeni nenasycenymi mastnymi kyselinami v diet¢,

aby se snizilo riziko ateroskler6zy a diabetu typu 2 (Lenighan et al. 2019; Wu et al. 2020).

2.4.1.5 Efekt na kvalitu Zivo¢iSnych produkti

MCFA jsou v zivocisné produkci pouzivany jako zdroj energie podporujici rust zvifat, pro
kontrolu patogenti, podporu pfirozené mikrobioty GIT, rozvoj imunity, a eradikaci patogent
v krmivu (Jackman et al. 2020). Nejcastéji jsou vyuzivany predev§im v chovech
monogastrickych zvifat jako je drubez (Khatibjoo et al. 2018) a prasata (Nguyen & Kim
2020), kde pfispivaji k optimalizaci produkce, avSak své uplatnéni nalézaji také v chovech
prezvykavci pfedevsim jakoZzto regulatory metanogeneze (Yanza et al. 2020). Je vSak nutné

konstatovat, Ze vliv MCFA na rlst a uzitkovost pfimo souvisi s mnozstvim pfidavku MCFA
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do diety zvifat; typem zafazovanych MCFA; charakteristikami zakladni diety; a také s

fyziologickym stavem zvirat (Geng et al. 2016).

MCFA maji specifickou nutricni hodnotu (Wiseman 1984), jako zdroj energie se Spatné
ukladaji v podkozni tukové tkani, coz mé zejména u prasat a také brojlert zvlastni vyznam,
protoze jatecné upravena téla s mensim obsahem tuku maji vyssi komercni hodnotu a tento
druh masa je vice zadany spotiebiteli (Ngapo et al. 2010). U brojlert je typické, ze v prvnich
dnech zivota je vstiebavani tukii v GIT omezené, stejné jako celkova schopnost jejich traveni
kvali nizkému mnozstvi syntetizovanych ZluCovych soli a lipazy, pficemz celkova
stravitelnost tukd je u mlad’at o 6 % nizsi nez u dospélych jedinct (Freitas et al. 2005). Chu a
Chiang (2016) neprokazali ptitomnost kyseliny kapronové v kufecim mase na rozdil od
ptitomnosti kyseliny kaprinové, jejiz obsah byl vyssi nez obsah kyseliny kaprylové, pficemz
obsah obou téchto MCFA se v mase z kufecich stehen a prsou zvySoval umérné s rostoucim
podilem téchto mastnych kyseliny v krmivu pro brojlery. Pouziti mikroenkapsulované smési
organickych kyselin s MCFA v krmivu pro nosnice ve studii Lee et al. (2015) vedlo k lep§im
vysledkiim produkce, jelikoz vejce meéla silngj$i skotapky s vysSim obsahem vépniku,
zarovenn byl kvalitnéj$i obsah vajecnych bilkovin, pfi¢emz se ve vykalech zvysil obsah
bakterii Lactobacillus a snizil obsah bakterii E. coli. Své uplatnéni v Zivocisné produkci
nalézaji MCFA, jak jiz bylo uvedeno vySe, pravé také pro své antibakterialni Ucinky,
predev§im s ohledem na mozZnost eradikace patogennich mikroorganismili, jako jsou
grampozitivni koky (Bergsson et al. 2001), E. coli (Sktivanova et al. 2009; Hanczakowska et
al. 2016), ¢i Clostridium perfringens a Salmonella spp. (Sk¥ivanova et al. 2006).

Ve vyzivé prasat maji MCFA nezastupitelnou roli jiz po odstavu, jelikoZ bylo prokazéano, Ze
vykazuji pozitivni vliv na rustovovou schopnost odstavenych selat. Rodas a Maxwell (1990)
zjistili, ze praimérny denni pfirustek a ucinnost krmiva odstavenych prasat byly linearné
zvySeny zahrnutim MCFA do krmiva béhem prvniho tydne po odstavu ve srovnani s témi,
kterym byl podavan 10ij, nebo mléény tuk. Podobné G¢inky prokazali také Hong et al. (2012),
kteti pozorovali zlepseni primérného denniho pfirustku pti zaclenéni MCFA do diety prasat
béhem prvnich 2 tydnl po odstavu, a soucasné zlepSeni zdanlivé stravitelnosti suSiny,
dusikatych latek a energie v celém travicim traktu na konci druhého a patého tydne po
odstavu. Bylo téZ prokazéano, ze stravitelnost diety obsahujici stfedné dlouhé triacylglyceroly
(98,5 %) je u nové odstavenych prasat vyssi nez stravitelnost diety s dlouhymi
triacylglyceroly (93,4 %) (Price et al. 2013).

50



2.5 Interakce latek

Pocet objevii novych antibiotik za poslednich dvacet let znateln¢ poklesl v porovnani
s predeslymi desetiletimi (Santos et al. 2017), oproti ¢emuz se naopak zvysil vyskyt
(multi)rezistentnich bakterii (Snitkin et al. 2012). Proto jsou potiebné nové piistupy k 1écbé
jimi vyvolanych infekci, mezi které se fadi také synergické interakce 1éCiv (latek). Prinosy
vyuzivani 1€kovych interakci zahrnuji napiiklad rozSitené pouziti antibiotika pro Sirsi paletu
patogentl, coz je obzvlast’ dulezité hlavné v ptipad¢ zdvaznych infekci, u kterych je vCasné
zahajeni efektivhi 1écby nezbytné (Zilberberg et al. 2014). Dal§im pfinosem Ilékovych
kombinaci je také piekonani bakterialni antibiotické rezistence (Qin et al. 2017), jako je napf.
uziti B-laktamazovych inhibitori v kombinaci s B-laktamovym antibiotikem k 1é¢bé bakterii
s B-laktamazovou aktivitou (Fleisher et al. 1983); vyuziti kombinaéni terapie pii snizeni
vyvoje antibiotické rezistence (Aldeyab et al. 2008); pisobeni synergického efektu
prostiednictvim riznych mechanismt u¢inku (Ejim et al. 2011; Nichols et al. 2011).
Synergické 1€kové kombinace jsou uzite€né obzvlast’ u latek, u kterych byl jejich G¢inek sdm
o sob¢ identifikovan jako slaby, a proto nemohou byt uzity samostatné, avSak v kombinaci
jsou ucinné dostateén¢ (Zheng et al. 2018). Naptiiklad ampicilin a methanolovy extrakt
z granatového jablka je kombinaci pusobici synergicky in vitro proti MRSA (Braga et al.
2005). Podobné methylestery mastnych kyselin ziskané ze sdjovych bobt, kukufice a

sluneénicovych oleju zesiluji antimykoticky uc¢inek itrakonazolu in vitro (Pinto et al. 2017).
2.5.1 Typy interakci

Lékové synergie, potencujici t¢innost 1é¢iv, jsou vysoce zadanym cilem kombinované 1ékové
terapie (Fitzgerald et al. 2006). Ukazalo se, ze synergické 1ékové kombinace jsou nejen
vysoce ucinné, ale i terapeuticky vice specifické (Lehar et al. 2009). Na druhou stranu, 1ékové
antagonismy jsou Casto nezadouci, jelikoz v fadé ptipadi plsobi vyznamné komplikace
v 1é€bé (Cascorbi 2012). Piesto vSak mohou hrat pomérmné vyznamnou roli pii omezovani
bakterii rezistentnich na urcita 1é¢iva, jelikoz kombinace muze ucinit urcitou 1écbu selektivni
vaci alele rezistence k 1éku (Chait et al. 2007). Nejen z téchto duvodu je tedy testovani

latkovych (Iekovych) interakci dilezitou soucasti védecké prace napft. na poli farmacie.

Definice, které pro jednotlivé typy interakci pouziva jiz v roce 1993 Renneberg, popisuji

synergie jako pozitivni interakce, pti kterych je vysledek vyrazné vyssi nez ocekavany;

antagonismus jako negativni interakce, kdy je kombinovany ucinek latek (1ékd) na zakladé
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jejich nezavislych ucinka vyrazné nizsi, nez by se dalo oc¢ekavat; aditivni u€inek jako prosty
soucet samostatné aktivity dvou latek pouzitych zaroven; a indiferenci jako u¢inek kombinace
dvou latek, ktery je stejny jako ucinek aktivnéj$i z testovanych pii pouziti samostatné
(Renneberg 1993). Tyto popisné charakteristiky jsou platné do soucasnosti, avSak nepanuje

jednotny systém urcujici hranice jednotlivych interakeci.

Hodnotit kombinacni efekt Ize in vitro fadou metod, pficemz mezi ty nejvyznamnéjsi dle
Doerna (2014) patii Sachovnicova metoda, tzv. vicenasobné kombina¢ni baktericidni
testovani (multiple combination bactericidal testing) a sledovani baktericidniho Géinku v Case

(time-kill assay), a v neposledni fadé E-test.

2.5.1.1 Klasifikace in vitro detekovanych interakci mezi latkami Sachovnicovou
metodou

Stanoveni kombina¢niho uc¢inku se pfimo odviji od uziti vySe popsanych metod.
Sachovnicova metoda je jednou z nejznaméjsich a velmi jednoduchych forem testovani
kombinaéniho efektu dvou latek, ve kterém se jako zéklad pro vypocet indexu frakéni
inhibi¢ni koncentrace (fractional inhibitory concentration index, FICI) pouziva dvourozmérna
fada sériovych koncentraci testovanych sloucenin pro ovéfeni, zda ma kombinace latek
antibakterialni ucinky, které jsou vétsi nez soucet jejich samotnych ucinku (synergie; FICI <
1,0), nebo mensi nez soucet jejich samotnych ucinkl (antagonismus; FICI > 1,0) (Odds
2003). Samotné stanoveni druhu pozorované interakce dle hodnoty FICI neni vSak mezi
riznymi autory jednotné. Napi. evropsky vybor pro testovani antimikrobidlni citlivosti
(European committee for antimicrobial susceptibility testing, EUCAST), ktery doporucuje
Sachovnicovou metodu jako nejvhodné&jsi metodu pro testovani kombinac¢niho efektu dvou
latek, vyhodnocuje mozné interakce jako synergické (FICI < 0,5), aditivni (FICI > 0,5-1),
indiferentni (FICI > 1-< 2) a antagonistické (FICI > 2) (EUCAST 2000). Naproti tomu
vV novéjsi metodice Odds (2003) trva na tom, aby se dalsi autofi omezili pouze na hodnoceni
synergii (FICI < 0,5), antagonismti (FICI > 4,0) a vztahti bez interakci (FICI > 0,5-4,0),
experimentalnimi chybami, a pfispivaji k tzv. kladnym zjisténim vyzkumu.

2.5.2 Teraputicky vyznamné 1ékové interakce

Interakce mezi léCivy jsou mezi profesiondly ve zdravotnictvi dobfe znamy, protoZe

kombinace rtiznych Iékti je bézna praxe, kterd je pouzivana k dosazeni pozadovanych
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(zvySenych) ucinkt, napt. v anestezii a pii 1€¢be bolesti, v dusledku ¢ehoz je jejich vyskyt
Casto omezen jiz pii predepisovani léCiv, ¢i pokud se vyskytnou, jsou rychle klinicky
rozpoznany a léCeny (Dumbreck et al. 2015). Muze vsak dojit k paralelnimu zesileni
nezadoucich uc¢inkl, coz u nékterych latek vede k omezeni terapeutické uzitecCnosti
(Zanderigo et al. 2006). Naproti tomu informace o interakcich mezi 1é¢ivy a potravou, anebo
bylinami a potravou nejsou casto dostatecné zndmé, a proto je neni snadné identifikovat,
omezit, a 1é¢it (Hermann & von Richter 2012; Boullata 2013; Oga et al. 2016; Péter et al.
2017). Takové ptipady jsou znamy pravé u kombinace IéCiv s rliznymi potravinami a
potravinaiskymi vyrobky, kdy interakce 1éCivo-jidlo jsou definovany jako zmény v ucinnosti
a/nebo toxicité¢ farmaceutickych 1é¢iv vyvolané konzumaci jakéhokoli potravinového
produktu, véetné funkénich potravin a dopliku stravy (Mouly et al. 2017). Farmakokinetické
a farmakodynamické zmény plynouci z tohoto typu interakci mohou zptisobit toxicitu nebo
subterapeutické vysledky spojené s nezadoucimi klinickymi dusledky (Gurley 2012; Gurley et
al. 2012; Segal et al. 2014; De Boer et al. 2015; Alissa 2015).

Do této doby byly popsany a prozkoumany rizné typy interakci mezi 1éCivy a potravou, ¢i
jejimi slozkami, konkrétn€ jsou znamy kombinace (a) 1é¢ivo-zivina, kdy velké mnozstvi 1€ki
obecné interaguje s obsahem tuku v potravé, a proto je nutné je piijimat az v uréitém casovém
horizontu po poziti potravy/pfed pozitim potravy (Boullata & Hudson 2012), ¢i jako
v konkrétnim piipadé, kdy soucasné podavani fluorochinoloni (ciprofloxacin) a vyrobki
bohatych na vapnik mutze snizit biologickou dostupnost tohoto 1éku, ¢imz muze vést k
rezistenci na tuto skupinu antibiotik (Neuhofel et al. 2002; Papai et al. 2010); (b) 1é¢ivo-
potravina, jako je napf. mnoho zndmych antagonistickych interakci mezi 1éCivy a
grapefruitovou $tavou nebo sojou (Cheng 2006; Pirmohamed 2013); (c) interakce 1éCivo-
bylina, jako je inhibi¢ni uc¢inek c¢aje (flavonoidy) nebo kavy (polyfenoly) na vstiebavani
doplnka Zeleza (Zijp et al. 2000; Tamilmani & Pandey 2016), interakce kumarinu (slozka
hefmanku Matricaria chamomilla) s warfarinem zvySujici riziko krvaceni (Holbrook et al.
2005; Segal & Pilote 2006; Mili¢ et al. 2014), ¢i cetné lékové interakce jinanu
dvoulaloénatého (Ginkgo biloba) nebo tiezalky teckované (Hypericum perforatum) (Fugh-
Berman 2000).

Nejznaméjsim prikladem interakce léCivo-potravina je grapefruitova Stava, kterd miZze
inhibovat stfevni metabolismus vice jak 85 1éCiv alteraci izoforem cytochromu P450 (Bailey

et al. 2013). Jednou z piednich interakci mezi grapefruitovym dzusem a 1é¢ivem je jeho vliv
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grapefruitovy dzus, pfijimany ve velkém mnozstvi (= 950 ml), zvySovat biologickou
dostupnost inhibici cytochromu P450 3A4 a zvySovat tak riziko nezadoucich ucinka
souvisejicich se statiny, zejména pak svalové toxicity, kterd se miize projevit jako myalgie,
myopatie nebo rhabdomyolyza (Huang & Lesko 2004; Leibovich et al. 2004). DalSimi
klinicky vyznamnymi 1éCivy, jejichz farmakokinetika je grapefruitovym dzusem ovlivnéna
jsou napt. néktefi antagonisté véapnikového kanalu, inhibitory fosfodiesterdzy pouzivané
k 1é¢be erektilni dysfunkce, peroralni estrogenova antikoncepce, tricyklicka antidepresiva,
benzodiazepiny a imunosupresiva (Libersa et al. 2000; Hulisz & Jakab 2007). Dle Kanazawa
et al. (2001), grapefruitova $t'ava také zvysuje biologickou dostupnost erytromycinu v tenkém

stfevé, ¢imz umoznuje indukci moznych nepfiznivych ucinkt jako je srdeéni dysritmie.

Vzhledem Kk velké diverzité, je velice obtizné piedpovidat mozné nezadouci G¢inky soucasné
koadministrace 1é¢iv s bylinami, ¢i jejich biologicky uU¢innymi latkami, a potravinami
(Orellana-Paucar & Vintimilla-Rojas 2020). Je vSak znamo, Ze u oralné¢ podavanych 1éku
mize konzumace jidla v dobé podani 1éku zménit jeho absorpci (Fleisher et al. 1999). Efekt
potravy ovlivitujici G¢innost 1€kt je rozsifeny do té miry, Ze u vice nez 40 % peroralné
podavanych 1¢kl schvéalenych americkym ufadem pro kontrolu potravin a 1é¢iv (Food and
Drug Administration, FDA) nebo evropskou lékovou agenturou (European Medicines
Agency, EMA) byla za posledni dekddu zaznamenana zména farmakokinetickych vlastnosti
pravé vlivem potravy (O'Shea et al. 2019). Zdravotnické Gfady proto ocekavaji, Ze zadatelé o
schvaleni 1éCiva predem charakterizuji G€inky potravy nebo jidla na danou drogu (FDA
2019). Zatimco hodnoceni vlivu potravy se obvykle provadi se standardizovanym jidlem s
vysokym obsahem tuku, v urCitych pfipadech mize byt doporu¢eno vyhodnoceni riznych
druhti jidel (tj. rizného obsahu zivin a energie). Pokud potrava nema klinicky vyznamny
dopad na farmakokinetiku 1é¢iva, mohou garanti Zadajici o jeho schvaleni provést pozadované
testy bez ohledu na potraviny a na etiketé mize byt uvedeno, ze 1¢ék miize byt uzivan bez
ohledu na poZiti potravy. V piipadé klinicky vyznamného farmakokinetického G€inku vSak
musi byt podano zvlastni doporuceni pro podavani 1€ku; naptiklad 1€k miize byt podana pouze
nalacno, nebo se uziva s jidlem, aby se maximalizovala absorpce 1éCiva (Riedmaier et al.
2020).

Mnoho 1ékti méni své farmakokinetické vlastnosti na zdkladé¢ obsahu tuku v potraveé. Obecné

tuky snizuji maximalni koncentrace pfijmu, avSak neméni celkovou absorpci 1éCiva, a ta tedy
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zustava stejna (Lacy et al. 2006). Napiiklad néktera antifungalni 1éCiva, maji vyrazné
zvySenou absorpci, pokud jsou uzivéana s jidlem, zejména pak s jidlem s vysokym obsahem
tuku, a proto se doporucuje je uzivat s tuénym jidlem, aby bylo mozné z této interakce

profitovat (Hardman et al. 2001).

Cascorbi (2012) mezi pfi¢iny nezadoucich ucinkd a interakci fadi Spatny vybér 1éku do
kombinace, nezohlednéni moznych ucinkti na ledviny, Spatné¢ davkovéni, Spatny vybér

administrace 1éCiv a chyby vzniklé pti podani 1&Civa.
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3 Hypotéza prace

Vybrané antibakterialni latky ptirodniho charakteru budou v kombinaci s antibiotiky
vykazovat modulovanou aktivitu na zdkladé pasobeni latkovych interakci, které se budou

projevovat piipadnou zménou antibakteridlniho ucinku.
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4 Cile prace

Cilem této prace bylo studovat moznosti antibakterialniho pisobeni vybranych latek
ptirodniho charakteru v kombinaci s antibiotiky na urcité patogenni bakterie pomoci
laboratornich mikrobiologickych metod. Do experimentli byly zafazeny latky ptirodniho
charakteru a bé&né pouzivana antibiotika. Uginek byl stanoven pro vybrané patogenni

bakterie (standardni kmeny, klinické izolaty).
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5 Antibiotic Resistance in Livestock Breeding: A Review

Pievzato z: Lalouckova K, Skrivanova E. 2019. Antibiotic Resistance in Livestock Breeding:
A Review. Scientia Agriculturae Bohemica 50:15-22.

Klara Lalouckova je autorkou ptivodniho textu ¢lanku.

5.1 Abstract

Antibiotic resistance represents a serious threat worldwide. When considering the increasing
ability of bacteria to effectively resist antibacterial agents, it is necessary to reduce
the consumption of antibiotic substances in animal production in order to preserve their
effectiveness in the future. Attention should be paid to multidrug resistant microorganism's
occurrence, which can be for the breeder very exhausting not only from the economic
point of view. Therefore, alternative sources of antibacterials should be considered due to
the limited possibilities of using conventional antibiotics in animal breeding — there comes
application for various substances, including organic acids, clay minerals etc. Nowadays,
the research in this field also focuses on the combinatory effect of such compounds, which
can also find the perspective for use in the animal breeding. This article provides an overview
of problems connected with the resistance of diverse bacteria to antibiotic treatment in
livestock breeding. It emphases the need of alternate resources’ usage with the aim to lower
the environmental burden caused by overuse of antimicrobials used in subclinical doses in the

past and with the expanding bacterial resistance.

Key words: antibacterial; alternative; antibiotic growth promoters; combinatory effect;

microorganism
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5.2 Literature review

Introduction. The occurrence of alimentary diseases is a serious threat for inhabitants of both
developed (Havelaar et al. 2010) and developing (Byarugaba 2004) countries connected
primarily to inappropriate dealing with products of animal origin, their further modifications,
and consumption. Since the undesirable bacterial contamination is one of the agents causing
food-borne diseases (Levin & Antia 2001), its eradication is sought already at the beginning
of food-production process: in animal breeding. This can be achieved by using various
antimicrobials, such as antibiotics. These are anti-effective drugs discovered from natural and
chemical products and derived semi-synthetically with phenotypic methods during the second
half of 20" century (Power 2006). Generally, three periods of bacterial diseases’ therapy are
distinguished: pre-antibiotic, antibiotic, and period of antibiotic resistance’s development that
IS happening right now (with possible transition back to the principles of pre-antibiotic period
in certain countries). Antibiotics are used to decrease the infectious pressure causing
difficulties in animal husbandry and across human population since their discovery
(Aminov 2010). Antibiotics for treating diseases, and in prevention as prophylactic agents
against bacterial infections and as antibiotic growth promoters (AGPs), have been used in
animal production (Tab. 1) since the very beginnings of antibiotic therapy with the aim to
maximize production and to get the highest possible profit. (Moore etal. 1946;
Jukes et al. 1950). Using AGPs for longer term may lead to the natural selection of surviving
resistant bacteria and strains able to transport such an ability to other bacterium and make
them resistant (Aarestrup 1999). The ability of microorganisms to conquer antibiotic
treatment by different mechanisms is called antibiotic resistance  (Ronquillo
& Hernandez 2017). This property is not a novel phenomenon — contrariwise is true:
healthcare systems worldwide are facing this situation both in human and veterinary medicine
since the very beginnings of antibiotic’s treatment applications (Barbosa & Levy 2000).
For example, just two years after penicillin has been introduced in 1941 as an anti-
staphylococcal treatment, the resistance level increased to 6% and after a decade even to 50%
in hospital-acquired infections (Barber & Rozwadowska-Dowzenko,1948). This makes
antibiotic resistance an issue targeting not only medicine, but different fields — politics,
economics, biology, sociology and ecology — with unknown result and solution
(Balsalobre et al. 2014).
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Increasing number of inhabitants and economic prosperity is globally connected with rising
demand for proteins of animal origins resulting in the estimated increase of animal production
by 70% to feed the population of 9.6 billion of people living on the Earth by 2050 (Gerber et
al. 2013). The rise of animal production is logically connected (especially in developing
countries) with higher production and usage of antimicrobials in food-producing species
according to its above mentioned (sub)therapeutical and growth-promotory activity. This
occurrence is supposed to lead to estimated grow of antibiotic production by 67%, meaning
105.596 (£3.605) tons by 2030. Approximately 2/3 of increase is expected to be due to higher
numbers of reared animals, and 1/3 because of the shift towards intensified animal breeding
(Van Boeckel et al. 2015). Nowadays, approximately 60% of nation’s annual consumption of
medically important antimicrobials in the USA are used for disease prevention and growth
promotion in food-producing animals (FDA 2017). According to previously stated data of
production and consumption of antibacterial compounds (more than one ton per day in
various European countries), it is rational to mention that the progression of bacterial
resistance against antibiotics is going to evolve further, and is one of the best documented

cases of biological evolution in progress even nowadays (Baquero & Blazquez 1997).

Table 5.1: Types of antimicrobials use in food animals (McEwen & Fedorka-Cray 2002)

Tvoe of Route or Administration
(YPe Purpose vehicle of to individuals Diseased animals
antibiotic use . .
administration or group
Diseased individuals; in
Therapeutic Therapy Injection, feed, Individual or groups, may mclude_some
water group animals that are not diseased
or are subclinical
Disease Injection
Metaphylactic prophylaxis, (feedlot calves), Group Some
therapy feed, water
. None evident, although
. Disease .
Prophylactic . Feed Group some animals may be
prevention L
subclinical
Growt.h Feed Group None
promotion
Subtherapeutic Feed efficiency Feed Group None
Disease
. Feed Group None
prophylaxis
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To understand the resistance of bacteria against antimicrobials, it is necessary to know the
bacterial mechanisms of resistance and to clarify the impact of resistant bacteria on humans.
This is going to be described further in next paragraphs altogether with the summary of
possible precautions that can be made in order to preserve the ability of antibiotics to

effectively act against bacteria in the future.

Mechanisms of resistance. Both mutation and selection for the growth when higher
concentrations of antibiotics used, contribute to the increase in profound ability
of microorganisms to resist the antimicrobial effect of various compounds, as well as
acquiring other factors of resistance (Berger-Bachi 2005). Rich variability of mechanisms that
cause resistance gains an ability to defeat antibiotics in microorganisms, increases their
chance to survive in environment containing antibiotics, and allows researchers even to
predict a probability of resistance’s origins itself. The resistance is believed to be originating
out of so-called “pre-resistant molecules” that arose during different evolutionary processes —
e.g. appearance of thirty genes able to modify aminoglycosides (Payie et al. 1995), or
seventeen genes for resistance against tetracycline that has developed among diverse bacterial
species (Johnson, Adams 1992). Basically, five targets of antibiotic therapy include: cell wall
synthesis, protein synthesis, DNA synthesis, DNA-directed RNA polymerase and essential
metabolic enzymes (Coates et al. 2002). Bacterial resistance to antibiotics is caused by
various mechanisms, that can be divided into two groups: (A) direct attribute of the bacterial
cell causing antibiotics resistance: (a) genetic modification — e.g. ADP-ribosyl transferases
mutation making bacteria resistant to rifampicin (Mazel & Davies 1999), (b) enzymatic
modification — e.g. methylation of adenine residuals in 23S rRNA causing resistance to
macrolides (Zalacain & Cundliffe 1990), (c) replacement — e.g. ribosomal protection to
antibiotic binding through Tet(O) protein causing tetracycline resistance (Li et al. 2013), (d)
protection on cellular or population level — e.g. ability to secrete big amount of
exopolysaccharides, that creates a barrier impeding antibiotic binding (Nwodo et al. 2012),
and (B) bacterium initiated change of antibiotic causing its deactivation: (a) antibiotic
modification — e.g. aminoglycoside’s acetylation (Ramirez & Tolmasky, 2010), (b) antibiotic
destruction — e.g. beta-lactamases influence on beta-lactam antibiotics (Sandanayaka
& Prashad 2002), and (c) elimination of antibiotic out of the cell — e.g. elimination by efflux
pump (Soto 2013). Generally, this categorisation is artificial, and not every mechanism is
possible to sort into mentioned group. As an example, so-called “kin selection” can be used.

This mechanism of resistance roots in an ability of drug resistant mutants of bacteria to shield
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the less resistant isolates by production of certain metabolite under antibiotic stress
(Lee et al. 2010). Therefore, kin selection can cause difficulties when trying to eradicate

populations of diverse bacterial strains or species as in biofilms.

Health-threatening bacteria. Nowadays, there are no commercially available antibiotics
at disposal that do not exhibit any bacterial resistance pattern against at least single
microorganism (Brachman & Abrutyn 2009; Cushnie & Lamb 2011). The European Centre
for Disease Control and Prevention (ECDC) oversees resistant microorganisms within the
EARS-Net Surveillance Network on Antibiotic Resistance (EARS-Net) in the European
Union. ECDC sets sensitivity/resistance criteria of microorganisms to antibiotics and settles
rules for detection methods of resistance for these microorganisms: Acinetobacter spp.,
Enterococcus faecalis, Enterococcus faecium, Escherichia coli, Klebsiella pneumoniae,
Pseudomonas aeruginosa, Staphylococcus aureus, and Streptococcus pneumoniae
(ECDC 2016). Multidrug-resistant microorganisms represent the most serious threat to public
health (Nicasio et al. 2008; Kumarasamy et al. 2010) among which are listed, for example:
vancomycin-resistant Enterococcus (VRE), methicillin-resistant Staphylococcus aureus
(MRSA), extended-spectrum p-lactamase (ESBL) producing Gram-negative bacteria,
carbapenemases producing Klebsiella pneumoniae (KPC), and multi-drug resistant Gram-
negative rod-shaped bacteria: Acinetobacter baumannii, Enterobacter spp., Escherichia coli,
Klebsiella pneumoniae, and Pseudomonas aeruginosa (Boucher et al. 2009). The nature of
multiresistance (resistance of microorganisms to more than three groups of antibiotics) is
often derived from genetically mobile organelles, such as plasmids, transposons and integrons
(Dessen et al. 2001), therefore its reduction is a major challenge for researchers and an
important concern for the community (Byarugaba 2010). According to the World Health
Organization (WHO), many of these multi-drug resistant bacteria are pathogens of the
digestive tract (WHO 2015), causing considerable economic losses in animal breeding
(Graham et al. 2007). Above that, some resistant bacteria of animal origin may be indirectly
transmissible to humans through the outside environment (Graham et al. 2009), and products
of animal origin (Price et al. 2005), or directly by contact of farm workers with animals
(Smith et al. 2013) (Fig. 1). In case of Clostridium perfringens, the world's most widespread
pathogen, which produces many endotoxins and exotoxins, the acquisition of resistance
properties is gradually being begun, and this problem needs to be taken into consideration in a
timely manner (Rainey et al. 2009). Another important factor contributing to the increase of

bacterial resistance to antibiotics is the ability of some of the above-mentioned to form a
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biofilm (Parsek & Singh 2003; Kong et al. 2006) - a generic and species-diverse society of to
the substrate adhered microorganisms surrounded by a layer of exopolysaccharides that are
produced by these bacteria (Davies 2003). This phenomenon can be encountered not only in

S. aureus, but also in other pathogens, e.g. in the oral cavity (Jenkinson & Lamont 2005).

Figure 5.1: Formation and transmission of antimicrobial resistance in microorganisms (EFSA 2016)
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Monitoring of resistance. Globally used antimicrobial agents include 27 antibacterial
classes, 9 of which are used exclusively in animals (Pagel & Gautier 2012). Highest
consumption of antibiotics can be observed in poultry and pig farms, but the increasing trend
in aquaculture consumption cannot be overlooked. The consumption of antibiotics as growth
promoters in the United States, Brazil and Argentina is also not negligible
(Gelband et al. 2015). Macrolides, penicillins and tetracyclines, which are the world's best-
selling antibiotic groups, are classified as critical in human medicine (WHO 2011). The
highest resistance is described in poultry among the EU’s states - from 0.9% in the case of
aminoglycosides, 6% in macrolides and up to 59.6% in tetracyclines. The most significant is
resistance of salmonellas and campylobacters to tetracyclines (5.6 - 82.4% and 1 - 87.5%
respectively) and quinolones (3.6 - 94.1 % and 3.96-96.3% respectively) in broiler breeds
(EFSA, 2016). In the United States, 22 % resistance to fluoroquinolones and 95.4 % to
gentamycin is reported in poultry with the highest numbers in salmonella strains resistant to
tetracyclines (41-46%) being consistent with the EU, the decreasing trend of resistance is then

reported in salmonellas with relation to cephalosporins (decrease from 38 to 18%) within
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chickens in the retail network (CDC 2014). From 2011 to 2014, reported overall sales of
veterinary antimicrobials (in mg/PCU) decreased in 14 European countries and sales of 3rd
and 4th-generation cephalosporins and fluoroquinolones decreased in 10 and 11 European
countries, respectively (ECDC et al. 2017). Such a decline in sales of veterinary
antimicrobials among EU countries correlates also with the average annual change (between
years 2012-2016) showing slight decline (-0,01) in consumption of antibiotics for systemic
use in the community in EU/EEA countries (ECDC 2017).

Antimicrobial resistance precautions. It is well known that antibiotic pressure will boosts
the resistance because of the selection allowing only the fittest bacteria to survive even more
inthe future (Martinez et al. 2007). Such a circumstance may have a negative impact
on profound resistance in multi-drug resistant microorganisms. According to the above-
mentioned danger of overuse of antibiotics, there is a need to act - one of the attempts to
reduce their overuse has become the awareness of the use of antibiotics in human medicine,
and in agriculture the ban on antibiotic growth stimulators (EU 2003) (Tab. 2). Options
to reduce the consumption of classical antibiotics and prevent the associated development
of resistance include alternative sources of substances with antibiotic effects, e. g. prebiotics
(Abd El-Khalek et al. 2010), probiotics (Marinho et al. 2007), enzymes (Shim et al. 2005),
organic acids (Marounek etal. 2007), synbiotics (Bomba etal. 2002), bacteriocins,
bacteriophages (Caly et al. 2015), plant extracts (Jouany & Morgavi 2007), zinc oxide
(Ou et al. 2007), or clay minerals (Phillips et al. 2002). In relation with the previous list of
non-antibiotic growth promoters, it is necessary to mention, that also in this group of
antimicrobials, restrictions of usage will apply in the future. As an example, the zinc oxide
can be used: it was recently stated that overall benefit-risk balance for veterinary medicinal
products containing zinc oxide to be administered orally to food-producing species is
negative. This is due to the fact, that the zinc’s anti-diarrhoeal effect value is not exceeding
the value of its accumulation rate in the environment and its potential contribution in increase
of the bacterial resistance. According to these findings, no more new marketing authorisations
will be issued and the withdrawals of the existing marketing authorisations for veterinary
medicinal products containing zinc oxide will be implemented in the European Union
(EMEA 2017). Therefore, another possibility to reduce bacterial antibiotic resistance due to
reduced dosage of antibiotics is the use of the combinatory effect of various plants
(Garvey et al. 2011; Pervaiz et al. 2016), or synthetic substances (El-Shafaea et al. 2016;

Lefebvre et al. 2016) both with each other and in combination with antibiotics. Synergistic
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reactions of two compounds are clearly beneficial for combating bacterial infections, bringing
into treatment a perspective of not only reduction of antibacterial resistance, but also a
potential in reduced dosage of individual substances used in the combination; extension of
antimicrobial treatment; reduced side effects of individual substances; and lowered
environmental burden (Aktas & Derbentli 2016). On the other hand, antagonistic interaction
between two solely active agents is able to bring undesirable circumstances into treatment that
can be even life-threatening (Cascorbi 2012). Nevertheless, by theoretical models, antagonism
could be useful in reducing the potential for evolving resistance more than synergism that is

enhancing it by the selection pressure allowing very strongly resistant bacteria to outlast

(Michel et al. 2008).

Table 5.2: Restrictions on the use of antibiotics in livestock in OECD countries (Laxminarayan et al. 2015)

Legislative status of country in terms of animal use of antibiotics

OECD member

Ban on antibiotic growth-promoters (AGPs)

Prescription requirement to use antibiotics in

country animals
No, but some AGPs are banned
. (fluoroquinolones, avoparcin, virginiamycin, | Nearly all veterinary antibiotics can only be

Australia . . 2 -

etc.) (Australian Commission on safety and sold on a veterinarian prescription.

quality in health care 2013)
No. The Canadian government issued a

mimr;(?lili%egIphﬁggfggl)gr?azﬁlt(g r\]/?)II?J‘E‘nrtsariIy No. P_Ian 0 deve_l op option_s t.o §trengt_hen the

Canada veterinary oversight of antibiotic use in food

phase out use of medically important
antibiotics as growth promoters
(Government of Canada 2014).

animals in line with the FDA approach.

Yes. All AGPs banned in 2006 (European

EU member states Unio, 2003). Yes.
Japan No (Maron et al. 2013). Yes.
Yes, AGPs were banned in 2007 with some
Mexico exceptions (avc_)parg;ln_, vancomycin, Yes.
bacitracin, tylosin, virginiamycin, etc.)
(Maron et al. 2013).
Yes, for the critically and highly important d e .
New Zealand antibiotics listed by both WHO and OIE Yes, for antibiotics identified with the

(MAF New Zealand 2011).

potential for resistance problems.

South Korea

Yes, since 2011 AGP use has been
discontinued until a veterinary oversight
system can be put in place (USDA 2011)

Yes, the veterinary oversight system is
currently being developed.

USA

No. The FDA released voluntary guidelines
for the industry to withdraw the use of
medically important antibiotics as growth
promoters (U.S. Food and Drug
Administration 2013.

No. Under the new FDA guidance for
industry, use of medically important
antibiotics will be under the oversight of
licensed veterinarians.
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5.3 Conclusion

Given the general concerns about the progress of antimicrobial resistance in microorganisms
to an extent that is not compatible with available drugs, it is highly desirable to limit
the consumption of these pharmaceuticals in especially food-producing animals such as
poultry and pigs to the lowest acceptable level. Such a minimization can be achieved not only
through legislative interventions, but also by the prevention of disease or using alternative

sources of antibacterial agents and also by the combinatory effect of various compounds.

5.4 References

Aarestrup FM. 1999. Association between the consumption of antimicrobial agents in animal
husbandry and the occurrence of resistant bacteria among food animals. International Journal
of Antimicrobial Agents 12:279-285.

Abd El-Khalek E, Kalmar I, De Vroey M, Ducatelle R, Pasmans F, Werquin G, Janssens G.
2010. Indirect evidence for microbiota reduction through dietary mannanoligosaccharides in
the pigeon, an avian species without functional caeca. Journal of Animal Physiology and
Animal Nutrition 96:1084-1090.

Aktas G, Derbentli S. 2016. In vitro activity of daptomycin combined with dalbavancin and
linezolid, and dalbavancin with linezolid against MRSA strains. Journal of Antimicrobial
Chemotherapy 72:441-443.

Aminov RI. 2010. A brief history of the antibiotic era: lessons learned and challenges for the
future. Frontiers in Microbiology (134) DOI: 10.3389/fmicb.2010.00134.

Balsalobre LC, Dropa M, Matté MH. 2014. An overview of antimicrobial resistance and its
public health significance. Brazilian Journal of Microbiology 45:1-6.

Baquero F, Blazquez J. 1997. Evolution of antibiotic resistance. Trends in Ecology &
Evolution 12:482-487.

Barber M, Rozwadowska-Dowzenko M. 1948. Infection by penicillin-resistant staphylococci.
Lancet 252:641-644.

Barbosa TM, Levy SB. 2000. The impact of antibiotic use on resistance development and
persistence. Drug Resistance Updates 3:303-311.

Bbosa GS, Mwebaza N. 2013. Global Irrational Antibiotics/Antibacterial Drugs Use: A
Current and Future Health and Environmental Consequences. Pages 1645-1655 in Méndez-
Vilas A, editor. Microbial Pathogens and Strategies for Combating Them: Science,
Technology and Education, 1st Ed. Formatex Research Center, Badajoz.

66



Berger-Biachi B. 2005. Resistance mechanisms of gram-positive bacteria. International
Journal of Medical Microbiology 292:27-35.

Bomba A, Nemcova R, Gancarcikova S, Herich R, Guba P, Mudronova D. 2002.
Improvement of the probiotic effect of micro-organisms by their combination with
maltodextrins, fructo-oligosaccharides and polyunsaturated fatty acids. British Journal of
Nutrition (S95-S9) DOI: 10.1079/BJN2002634.

Boucher HW, Talbot GH, Bradley JS, Edwards JE, Gilbert D, Rice LB, Scheld M,
Spellberg B, Bartlett J (2009): Bad bugs, no drugs: no ESKAPE! An update from the
Infectious Diseases Society of America. Clinical Infectious Diseases, 48, 1-12.
doi: 10.1086/599017.

Brachman PS, Abrutyn E. 2009. Bacterial Infections of Humans: Epidemiology and Control,
4th Ed. Springer, Berlin.

Byarugaba D. 2004. Antimicrobial resistance in developing countries and responsible risk
factors. International Journal of Antimicrobial Agents 24:105-110.

Byarugaba DK. 2010. Mechanisms of antimicrobial resistance. Pages 15-26 in Sosa A,
Byarugaba DK, Amabile C, Hsueh PR, Kariuki S, Okeke IN, editors. Antimicrobial
Resistance in Developing Countries, 1st Ed. Springer, New York.

Caly DL, D'Inca R, Auclair E, Drider D. 2015. Alternatives to Antibiotics to Prevent Necrotic
Enteritis in Broiler Chickens: A Microbiologist's Perspective. Frontiers in Microbiology
(1336) DOI: 10.3389/fmich.2015.01336.

Cascorbi 1. 2012. Drug interactions-principles, examples and clinical consequences.
Deutsches Arzteblatt International 109:546-555.

CDC. 2014. NARMS Integrated Report: 2014, 1st Ed. CDC, Atlanta.

Coates A, Hu Y, Bax R, Page C. 2002. The future challenges facing the development of new
antimicrobial drugs. Nature Reviews Drug Discovery 1:895-910.

Cushnie TT, Lamb AJ. 2011. Recent advances in understanding the antibacterial properties of
flavonoids. International Journal of Antimicrobial Agents 38:99-107.

Davies D. 2003. Understanding biofilm resistance to antibacterial agents. Nature Reviews
Drug Discovery 2:114-122.

Dessen A, Di Guilmi A, Vernet T, Dideberg O. 2001. Molecular mechanisms of antibiotic
resistance in gram-positive pathogens. Current Drug Target -Infectious Disorders 1:63-77.

ECDC. 2016. Antimicrobial resistance reporting protocol 2016. EARS-Net Documents,
Stockholm.

ECDC. 2017. Summary of the latest data on antibiotic consumption in the European Union.
ESAC-Net surveillance data, Stockholm. Available from

67



www.ecdc.europa.eu/sites/portal/files/documents/Final_2017_EAAD_ESAC-Net_Summary-
edited%20-%20FINALwith%20erratum.pdf. (accessed March 2018).

ECDC, EFSA BIOHAZ Panel, CVMP. 2017. ECDC, EFSA and EMA Joint Scientific
Opinion on a list of outcome indicators as regards surveillance of antimicrobial resistance and
antimicrobial consumption in humans and food-producing animals. EFSA Journal (5017)
DOI: 10.2903/j.efsa.2017.5017.

EFSA. 2016. Scientific report of EFSA and ECDC - The European Union summary report on
antimicrobial resistance in zoonotic and indicator bacteria from humans, animals and food in
2014. EFSA Journal (4380) DOI: 10.2903/j.efsa.2016.4380.

El-Shafaey ES, Elseady Y, EI-Khodery S. 2016. Comparative therapeutic effect of antiseptic-
antibiotic paste for topical treatment of digital dermatitis in dairy cows. Veterinarski Arhiv
86:197-208.

EMEA. 2017. Questions and answers on veterinary medicinal products containing zinc oxide
to be administered orally to food-producing species: Outcome of a referral procedure under
Article 35 of Directive 2001/82/EC (EMEA/V/A/118). European Medicines Agency, London.

EU. 2003. Regulation (EC) No 1831/2003 of the European Parliament and of the Council on
additives for use in animal nutrition. Official Journal of the European Union, L268, 29-43.

FDA. 2017. CVM 2016 Summary Report on Antimicrobials Sold or Distributed for Food-
Producing Animals. Rockville, FDA. Available from
www.fda.gov/downloads/ForIndustry/UserFees/AnimalDrugUserFeeActADUFA/UCM58808
5.pdf. (accessed March 2018).

Garvey MI, Rahman MM, Gibbons S, Piddock LJ. 2011. Medicinal plant extracts with efflux
inhibitory activity against Gram-negative bacteria. International Journal of Antimicrobial
Agents 37:145-151.

Gelband H, Molly Miller P, Pant S, Gandra S, Levinson J, Barter D, White A,
Laxminarayan R. 2015. The state of the world's antibiotics 2015. Wound Healing Southern
Africa 8:30-34.

Gerber PJ, Steinfeld H, Henderson B, Mottet A, Opio C, Dijkman J, Falcucci A. Tempio G.
2013. Tackling climate change through livestock: a global assessment of emissions and
mitigation opportunities, 1st Ed. Food and Agriculture Organization of the United Nations,
Rome.

Graham JP, Boland JJ, Silbergeld E. 2007. Growth promoting antibiotics in food animal
production: an economic analysis. Public Health Reports 122:79-87.

Graham JP, Evans SL, Price LB, Silbergeld EK. 2009. Fate of antimicrobial-resistant
enterococci and staphylococci and resistance determinants in stored poultry litter.
Environmental Research 109:682-689.

68



Havelaar AH, Brul S, De Jong A, De Jonge R, Zwietering MH, Ter Kuile BH. 2010. Future
challenges to microbial food safety. International Journal of Food Microbiology (S79-S94)
DOI: 10.1016/j.ijfoodmicro.2009.10.015.

Jenkinson HF, Lamont RJ. 2005. Oral microbial communities in sickness and in health.
Trends in Microbiology 13:589-595.

Johnson R, Adams J. 1992. The ecology and evolution of tetracycline resistance. Trends in
Ecology & Evolution 7:295-299.

Jouany JP, Morgavi D. 2007. Use of ‘natural’ products as alternatives to antibiotic feed
additives in ruminant production. Animal 1:1443-1466.

Jukes TH, Stokstad E, Tayloe R, Cunha T, Edwards H, Meadows G. 1950. Growth-promoting
effect of aureomycin on pigs. Archives of Biochemistry 26:324-325.

Kong KF, Vuong C, Otto M. 2006. Staphylococcus quorum sensing in biofilm formation and
infection. International Journal of Medical Microbiology 296:133-139.

Kumarasamy KK, et al. 2010. Emergence of a new antibiotic resistance mechanism in India,
Pakistan, and the UK: a molecular, biological, and epidemiological study. Lancet Infectious
Diseases 10:597-602.

Laxminarayan R, Van Boeckel T, Teillant A. 2015. The Economic Costs of Withdrawing
Antimicrobial Growth Promoters from the Livestock Sector, 1st Ed. OECD Publishing,
OECD Food, Agriculture and Fisheries Papers No. 78, Paris.

Lee HH, Molla MN, Cantor CR, Collins JJ. 2010. Bacterial charity work leads to population-
wide resistance. Nature 467:82-85.

Lefebvre E, Vighetto C, Di Martino P, Garde VL, Seyer D. 2016. Synergistic antibiofilm
efficacy of various commercial antiseptics, enzymes and EDTA: a study of Pseudomonas
aeruginosa and Staphylococcus aureus biofilms. International Journal of Antimicrobial
Agents 48:181-188.

Levin BR, Antia R. 2001. Why we don't get sick: the within-host population dynamics of
bacterial infections. Science 292:1112-1115.

Li W, et al. 2013. Mechanism of tetracycline resistance by ribosomal protection protein
Tet(O). Nature Communications (1477) DOI: 10.1038/ncomms2470.

Marinho M, Lordelo M, Cunha L, Freire J. 2007. Microbial activity in the gut of piglets: I.
Effect of prebiotic and probiotic supplementation. Livestock Science 108:236-239.

Marounek M, Freire J, Castro-Solla L, Pinheiro V, Mourao J, Maertens L. 2007. Alternatives
to antibiotic growth promoters in rabbit feeding: a review. World Rabbit Science 15:127-140.

Martinez JL, Baquero F, Andersson DI. 2007. Predicting antibiotic resistance. Nature
Reviews Microbiology 5:958-965.

69



Mazel D, Davies J. 1999. Antibiotic resistance in microbes. Cellular and Molecular Life
Sciences 56:742-754.

McEwen SA, Fedorka-Cray PJ. 2002. Antimicrobial use and resistance in animals. Clinical
Infectious Diseases 34:93-106.

Michel JB, Yeh PJ, Chait R, Moellering RC, Kishony R. 2008. Drug interactions modulate
the potential for evolution of resistance. Proceedings of the National Academy of Sciences
105:14918-14923.

Moore P, Evenson A, Luckey T, McCoy E, Elvehjem C, Hart E. 1946. Use of sulfasuxidine,
streptothricin, and streptomycin in nutritional studies with the chick. Journal of Biological
Chemistry 165:437-441.

Nicasio AM, Kuti JL, Nicolau DP. 2008. The current state of multidrug-resistant gram-
negative bacilli in North America. Pharmacotherapy 28:235-249.

Nwodo UU, Green E, Okoh Al. 2012. Bacterial exopolysaccharides: functionality and
prospects. International Journal of Molecular Sciences 13:14002-14015.

Ou D, Li D, Cao Y, Li X, Yin J, Qiao S, Wu G. 2007. Dietary supplementation with zinc
oxide decreases expression of the stem cell factor in the small intestine of weanling pigs.
Journal of Nutritional Biochemistry 18:820-826.

Pagel SW, Gautier P. 2012. Use of Antimicrobial Agents in Livestock. Scientific and
Technical Review of the Office International des Epizooties 31:145-88.

Parsek MR, Singh PK. 2003. Bacterial biofilms: an emerging link to disease pathogenesis.
Annual Review of Microbiology 57:677-701.

Payie KG, Rather PN, Clarke AJ. 1995. Contribution of gentamicin 2'-N-acetyltransferase to
the O acetylation of peptidoglycan in Providencia stuartii. Journal of Bacteriology 177:4303-
4310.

Pervaiz A, Khan R, Anwar F, Mushtag G, A Kamal M, Khan H. 2016. Alkaloids: an
emerging antibacterial modality against methicillin resistant Staphylococcus aureus. Current
Pharmaceutical Design 22:4420-4429.

Phillips TD, Lemke SL, Grant PG. 2002. Characterization of clay-based enterosorbents for
the prevention of aflatoxicosis. Pages 157-171 in DeVries JW, Trucksess MW, Jackson LS,
editors. Mycotoxins and food safety. Advances in Experimental Medicine and Biology, vol
504, 1st Ed. Springer, Boston.

Power E. 2006. Impact of antibiotic restrictions: the pharmaceutical perspective. Clinical
Microbiology and Infection 12:25-34.

Price LB, Johnson E, Vailes R, Silbergeld E. 2005. Fluoroquinolone-resistant Campylobacter
isolates from conventional and antibiotic-free chicken products. Environmental Health
Perspectives 113:557-560.

70



Rainey FA, Hollen BJ, Small A. 2009. Genus Clostridium. Pages 738-828 in Whitman WB,
editor. Bergey's Manual of Systematics Bacteriology; Volume 3: The Firmicutes. Springer,
New York.

Ramirez MS, Tolmasky ME. 2010. Aminoglycoside modifying enzymes. Drug Resistance
Updates 13:151-171.

Ronquillo MG, Hernandez JCA. 2017. Antibiotic and synthetic growth promoters in animal
diets: Review of impact and analytical methods. Food Control 72:255-267.

Sandanayaka VP, Prashad AS. 2002. Resistance to [B-lactam antibiotics: structure and
mechanism based design of B-lactamase inhibitors. Current Medicinal Chemistry 9:1145-
1165.

Shim S, Verstegen M, Kim I, Kwon O, Verdonk J. 2005. Effects of feeding antibiotic-free
creep feed supplemented with oligofructose, probiotics or synbiotics to suckling piglets
increases the preweaning weight gain and composition of intestinal microbiota. Archives of
Animal Nutrition 59:419-427.

Smith TC, et al. 2013. Methicillin-resistant Staphylococcus aureus in pigs and farm workers
on conventional and antibiotic-free swine farms in the USA. PLOS ONE (e63704)
DOI: 10.1371/journal.pone.0063704.

Soto SM. 2013. Role of efflux pumps in the antibiotic resistance of bacteria embedded in a
biofilm. Virulence 4:223-229.

Van Boeckel TP, Brower C, Gilbert M, Grenfell BT, Levin SA, Robinson TP, Teillant A,
Laxminarayan R. 2015. Global trends in antimicrobial use in food animals. Proceedings of the
National Academy of Sciences 112:5649-5654.

WHO. 2011. Critically important antimicrobials for human medicine, 3rd Ed. World Health
Organisation, Geneva.

WHO. 2015. WHO Estimates of the Global Burden of Foodborne Diseases: Foodborne
Diseases Burden Epidemiology Reference Group 2007-2015, 1st Ed. World Health
Organisation, Geneve.

Zalacain M, Cundliffe E. 1990. Methylation of 23S ribosomal RNA due to carB, an
antibiotic-resistance  determinant from the carbomycin producer, Streptomyces
thermotolerans. European Journal of Biochemistry 189:67-72.

71



6 Determination of in vitro antibacterial activity of plant oils
containing medium-chain fatty acids against Gram-positive

pathogenic and gut commensal bacteria

Pievzato z: Hovorkova P, Lalouckova K, Stivanova E. 2018. Determination of in vitro
antibacterial activity of plant oils containing medium-chain fatty acids against Gram-positive

pathogenic and gut commensal bacteria. Czech Journal of Animal Science 63:119-125.

Kléra Lalouc¢kova provadéla testy v laboratofi a je spoluautorkou textu ¢lanku.

6.1 Abstract

Increasing antibiotic resistance has led to a ban on antibiotic use in feed additives in the EU.
Therefore, new non-antibiotic, pathogen-inhibiting agents are urgently needed. Inhibitory
effects of eight plant oils containing medium-chain fatty acids (MCFAs) were evaluated
against Gram-positive pathogenic and beneficial bacteria. The oils tested were palm, red
palm, palm kernel (Elaeis guineensis), coconut (Cocos nucifera), babassu (Attalea speciosa),
murumuru (Astrocaryum murumuru), tucuma (Astrocaryum vulgare), and Cuphea oil
(Cuphea ignea); the method used was broth microdilution, and the findings were expressed as
minimum inhibitory concentration (80%). Both hydrolyzed and unhydrolyzed forms of the
oils were tested. MCFA hydrolysis was catalyzed by porcine pancreas lipase. The selective
effect of the hydrolyzed forms of tested oils was highly evident. While the hydrolyzed oils
were active against all tested bacteria (Clostridium perfringens, Enterococcus cecorum,
Listeria monocytogenes, and Staphylococcus aureus), at 0.14-4.5 mg/ml, the same oils did
not show any effect on commensal bacteria (Bifidobacterium spp. and Lactobacillus spp.).
Tucuma and Cuphea seed oils showed the strongest antibacterial activity. Unhydrolyzed
forms of all tested oils exerted no antibacterial effect against any test bacteria. This study,

thus, forms a basis for the development of selective inhibitors in animal husbandry.

Keywords: antimicrobial effect; gastrointestinal tract; pathogens; palm oil; lauric acid; capric
acid
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6.2 Introduction

Industrialized countries have been reporting an ever-increasing burden of zoonoses and
foodborne diseases. Although fresh products have represented a very important source of
foodborne infections in recent years, infections caused by consumption and mishandling of

food of animal origin are still a major concern (Havelaar et al. 2010).

Gram-positive bacteria represent the causative agents of both animal intestinal diseases and
potentially lethal foodborne diseases in humans. For instance, Clostridium perfringens can
cause food poisoning and necrotic enteritis, sometimes with fatal outcomes (Songer 2010).
Enterococcus cecorum has recently been identified as a significant problem in broilers, and is
increasingly being reported as an important cause of arthritis and osteomyelitis in chickens
(Boerlin et al. 2012). Similarly, Listeria monocytogenes and Staphylococcus aureus are
considered to be the widespread pathogens causing serious illnesses and systematic disorder

both in animals and humans (McLauchlin & Rees 2009).

Food-producing animals are an important reservoir of some of these serious pathogens.
Therefore, there is increasing concern about controlling the spread of bacterial pathogens in
animal husbandry. ,,Pathogen reduction® strategies in the food chain can also result in
significant economic gain. The incidence of foodborne pathogens is usually controlled with
antibiotics. However, because of the public health concern, the use of antibiotics in both
human and veterinary medicine has been viewed with caution. Consequently, there is
widespread interest in the research and development of alternative antibacterial compounds. A
valuable property of these antibacterial compounds is selective activity without causing harm

to the commensal microbiota (Huyghebaert et al. 2011).

Phytogenic additives, including organic acid, present a plausible alternative as they enhance a
number of important processes in the animal body as well as they can be used also in the food
industry because of their antibacterial properties (Karaskova et al. 2015). Organic acids can
also be used as feed or drinking water additives (Windisch et al. 2008). Medium-chain fatty
acids (MCFAs) form a promising group of antibacterial agents. These saturated and
unbranched monocarboxylic acids are present in various feed materials, especially coconut,
palm, and Cuphea seed oils (Dierick et al. 2003). The MCFA group consists of caproic acid
(Cs:0, hexanoic acid), caprylic acid (Cg:o, octanoic acid), capric acid (Cio:0, decanoic acid), and
lauric acid (Ci2:0, dodecanoic acid) (Bach & Babayan 1982). MCFAs have long been used in
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feed preservation, especially in silage and foods, owing to their antibacterial effects,
especially against Gram-positive bacteria (Kabara 1983).

Although the effects of plant oils in animal nutrition have been already observed, for example
on ruminal fermentation and protozoal populations (Majewska et al. 2017) or milk
performance in dairy cows (Dai et al. 2011), only few studies have discussed the antibacterial
activity of plant oils against pathogenic and commensal bacteria present in gastrointestinal
tract (Lee et al. 2015).

The aim of this study was to evaluate the in vitro antibacterial activity of plant oils containing
MCFAs against pathogenic and gut commensal Gram-positive bacteria, including five

foodborne and six beneficial intestinal strains.

6.3 Material and methods

6.3.1 Bacterial strains and culture conditions

Thirteen bacterial strains were used to assess the antibacterial properties of plant oils,
including seven pathogenic and six beneficial intestinal strains. All strains were grown and
maintained in appropriate broth (Oxoid, UK). These strains were incubated at 37°C for
24/48 h under aerobic or anaerobic conditions, as appropriate (Table 6.1). The sources of
bacterial strains (listed in Table 6.2) were as follows: CCM, Czech Collection of
Microorganisms (Brno, Czech Republic); ATCC, American Type Culture Collection
(Manassas, USA); CNCTC, Czech National Collection of Type Cultures (National Institute of
Public Health, Prague, Czech Republic); and CIP, Collections of Pasteur Institute (Paris,
France). C. perfringens No. 56 was kindly provided by prof. F. Van Immerseel from the
Ghent University (Belgium). Bifidobacterium animalis MAS is an isolate from the culture

collection of the Czech University of Life Sciences Prague.
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Table 6.1: Growth media and conditions

Bacteria Medium Condition Incubation

Enterococcus cecorum Wilkins-Chalgren aerobic 24 h
Clostridium perfringens Wilkins-Chalgren anaerobic 48 h
Listeria monocytogenes Brain-Heart Infusion aerobic 24 h
Staphylococcus aureus Wilkins-Chalgren aerobic 24 h

. . Wilkins-Chalgren + :
Bifidobacterium spp. BifiBuffer anaerobic 48 h

. de Man, Rogosa and . -
Lactobacillus spp. Sharpe (MRS) microaerophilic 48 h
Table 6.2: Bacterial strains used in this study
Species Strain

Enterococcus cecorum

CCM 3659, CCM 4285

Clostridium perfringens

CIP 105178, CNCTC 5454,

UGent 56
Listeria monocytogenes ATCC 7644
Staphylococcus aureus ATCC 25923

Bifidobacterium animalis

CCM 4988, MAS

Bifidobacterium longum

TP 1, CCM 4990

Lactobacillus fermentum

CCM 91

Lactobacillus acidophilus

CCM 4833
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6.3.2 Plant oils

Plant oils known to contain high percentage of MCFAs (Bach & Babayan 1982), (Elaeis
guineensis) oils, were purchased from Sigma-Aldrich (USA). Palm, red palm (Elaeis
guineensis), babassu (Attale aspeciosa), tucuma (Astrocaryum vulgare) oils, and murumuru
butter (Astrocarum murumuru) were purchased from Sweet Natural Botanicals (USA).
Cuphea seeds were purchased from the US Department of Agriculture - Agricultural
Research Service (ARS; Plant Germplasm Inspection Station, USA), and dried and extracted
using 80 g/kg methanol for 24 h. This extract was filtered and dried at 40°C by using a

vacuum dryer Rotavapor R-200 (Buchi, Switzerland).
6.3.3 Determination of fatty acid composition of oils

The fatty acid (FA) composition of the oils was determined by gas chromatography/flame
ionization detection (GC-FID) at the Institute of Animal Science Prague-Uhiingves, Czech
Republic. Alkaline trans-methylation of the extracted Fas was performed according to the
standard ISO 5509 (1994) procedure. For GC analysis of methyl esters, a HP 6890 gas
chromatograph (Agilent Technologies, Inc., USA) with a programmed 60-m DB-23 capillary
column (J&W Scientific, USA) was used. FAs were identified based on retention times by

comparing with the retention times of FAME Mix 37 standards (Sigma-Aldrich).
6.3.4 Preparation of plant oils for microdilution tests

The oils were weighed and diluted in the same amount of dimethylsulfoxide (DMSQO)
(LachNer, Czech Republic), followed by the addition of a detergent Tween 80 (Sigma-
Aldrich) to form an emulsion. After preliminary antibacterial tests with unhydrolyzed oils
(data not shown), we concluded that in order to examine the antimicrobial properties of the
oils, FA moieties esterified to the glycerol backbone of triacylglycerol must first be
hydrolyzed into their free forms (free FAs). This hydrolysis was catalyzed by lipase from
porcine pankreas (Sigma-Aldrich). The minimum amount of lipase required was calculated
based on the molecular weight of the predominant FA (i.e. lauric or capric acid), as well as
the enzyme activity specified by the manufacturer. The emulsion obtained as previously
described was diluted in appropriate medium (depending on microorganism) containing
lipase, resulting in a final oil concentration of 4.5 mg/ml. The final concentrations of DMSO
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and Tween 80 did not exceed 1% and 0.1%, respectively. The resulting emulsion of the
medium, lipase, and oil was warmed to 37°C and shaken for 1 h.

6.3.5 Determination of in vitro antibacterial activity of plant oils

The antibacterial activity of the tested oils was evaluated in vitro by the broth microdilution
method using 96-well microtiter plates, modified according to the proposed recommendations
for effective assessment of the anti-infective potential of natural products (Cos et al. 2006).
Samples were two-fold diluted in broth with porcine lipase, as stated in previous section,
starting with an initial concentration of 4.5 mg/ml. The dilutions of each compound were
prepared in appropriate medium (Table 6.1) recommended for the cultivation of certain
bacteria (Oxoid). The bacterial inoculum was standardized to a density of 1 X 10° CFU/ml by
using the McFarland scale, and inoculated into the wells (10 u I/well). The plates containing
anaerobic bacteria were prepared in an anaerobic chambre (Bugbox; BioTrace, UK). The
plates were incubated at 37°C for 24/48 h under aerobic, anaerobic, or microaerophilic
conditions (Table 6.1). Microbial growth was assessed by culture turbidity, determined by the
Infinite® 200 PRO Microplate Reader (Tecan, Switzerland) at 405 nm. The minimum
inhibitory concentration for 80% (MIC80) was expressed as the lowest concentration of the
compound that resulted in 80% reduction in growth compared to that in the extract-free, blank
medium, without microorganisms. The susceptibility of all microorganisms to penicillin G
was evaluated as a control. The positive control tubes contained 10ul of the bacterial
suspension and 90 pl of broth, while the negative control tubes contained 100 pl of broth.
Both controls contained 1% DMSO. All samples were tested in three independent

experiments, each carried out in triplicate.

6.4 Results

6.4.1 Fatty acid composition of plant oils

Results of FA profile analysis are shown in Table 6.3. The composition of both palm oil and
red palm oil was very similar, with the predominance of palmitic (C1e:0; 41%) and oleic (Cis:1;
40%) acids, while only trace amounts of MCFAs were noted. Lauric acid was detected as the
dominant FA in tucuma oil (53%), murumuru butter (46%), palm kernel (45%), babassu

(44%), and coconut oil (42%). In Cuphea oil, capric acid (C10:0) was found dominant (54%).

77



6.4.2 Invitro antibacterial activity of plant oils

Minimum inhibitory concentrations (MIC80; 80% reduction of bacterial growth) of selected
plant oils are shown in Table 6.4. As it is evident from our results, plant oils were ineffective
toward the Gram-positive commensals (Bifidobacterium and Lactobacillus spp.). Also some
of oil samples with high lauric acid content displayed antibacterial activity in our study.
However, low or no antibacterial activity was observed in the case of coconut, red palm, and
palm oils. Tucuma oil was effective against both strains of E. cecorum (2.25 mg/ml), two
strains of C. perfringens (0.14-2.5 mg/ml), and S. aureus (0.56 mg/ml). Murumuru butter
inhibited both all strains of E. cecorum (1.13-2.25 mg/ml) and C. perfringens (0.28—
1.13 mg/ml), as well as S. aureus (1.13 mg/ml). Palm kernel oil had the inhibitory effect
against E. cecorum (2.25 mg/ml), two strains of C. perfringens (1.13-2.25 mg/ml), and
S. aureus (1.13 mg/ml). Babassu oil inhibited E. cecorum (2.25-4.5 mg/ml), C. perfringens
(0.56 mg/ml), and S. aureus (1.13 mg/ml). L. monocytogenes was inhibited only by Cuphea
oil (13 mg/ml). No oil samples exhibited considerable effect against pathogenic bacteria

before hydrolysis (> 4.5 mg/ml; data not shown).
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Table 6.3: Fatty acid profile of selected oils (%)*

Oil
Fatty acid
palm ;ezjm i:lr:]el coconut | babassu | murumuru | tucuma | Cuphea

Caproic nd nd 0.25 0.55 0.43 0.10 0.21 0.01
Caprylic nd nd 3.48 6.73 6.05 1.29 247 0.82
Capric nd nd 3.27 5.29 5.52 1.30 2.15 54.04
Lauric 0.20 0.23 45.24 41.31 43.98 46.34 53.37 3.63
Myristic 1.10 1.05 15.85 16.5 15.56 28.72 24.82 11.31
Palmitic 42.93 41.96 9.46 9.05 8.72 7.30 541 8.74
Palmitoleic | 0.20 0.18 0.03 nd nd 0.04 0.02 0.06
Stearic 4.43 4.84 2.66 2.92 3.73 2.93 1.89 1.40
Oleic 40.28 40.6 16.54 11.72 13.62 7.98 6.47 12.47
Linoleic 10.29 10.43 2.68 4.79 2.39 3.55 2.77 5.98
a-Linolenic | 0.19 0.31 0.03 0.88 nd 0.05 0.06 0.53
Arachidonic | 0.40 0.41 0.13 0.13 nd 0.12 0.07 0.12
Eicosenoic | nd nd 0.10 0.15 nd 0.05 0.05 0.25

nd = not detected

‘average of two analyses, each performed in triplicate
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Table 6.4: Minimum inhibitory concentrations of selected plant oils (mg/ml)*

Oil
. . icilin G
Species Strain Cuphea palm murumu penici
p palm coconut babassu | red palm seed kernel U tucuma (mg/ml)
CCM 3659 >45 2.25 45 > 4.5 2.25 2.25 2.25 2.25 0.001
Enterococcus cecorum
CCM 4285 >45 1.13 2.25 > 4.5 1.13 2.25 1.13 2.25 0.001
CNCTC 5454 >45 >4.5 0.56 >4.5 4.5 1.13 1.13 2.50 0.00003
Clostridium perfringens UGent 56 >45 >45 0.56 >45 2.25 >45 0.56 1.13 0.00003
CIP 105178 >45 >4.5 0.56 > 4.5 0.56 2.25 0.28 0.14 0.00003
Listeria monocytogenes ATCC 7644 >45 >45 >45 >45 1.13 >4.5 >4.5 >45 0.001
Staphylococcus aureus ATCC 25923 >4.5 0.56 1.13 >4.5 2.25 1.13 1.13 0.56 0.00003
. . . . CCM 4988 >45 >4.5 >4.5 >4.5 >4.5 >4.5 >4.5 >4.5 0.00025
Bifidobacterium animalis
MAS >45 >45 >4.5 >4.5 >4.5 >4.5 >4.5 >4.5 0.00025
. . CCM 4990 >45 >45 >45 >45 >45 >45 >45 >45 0.0005
Bifidobacterium longum
TP1 >4.5 >4.5 >4.5 >4.5 >4.5 >4.5 >4.5 >4.5 0.001
Lactobacillus fermentum CCM 91 >4.5 >4.5 >4.5 >4.5 >4.5 >4.5 >4.5 >4.5 0.000125
Lactobacillus acidophilus CCM 4833 >45 >45 >45 >45 >45 >45 >4.5 >45 0.000125

'modus of three analyses, each performed in triplicate
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6.5 Discussion

The plant oils are a heterogeneous mixture of FAs and it is necessary to know their
prevalences in observed samples. Therefore, the analysis of the fatty acids composition in
samples was performed prior to the antibacterial testing of plant oils. Contrary to other oil
samples, in Cuphea seed oil (Cuphea ignea), capric acid was determined as a dominant fatty
acid (Table 6.3). This percentage is lower compared to results of Zentek et al. (2011) (i.e. =
85%). The fatty acid composition depends on the stability of the patterns under varying
geographical and ecological conditions, as well as on the selected method and conditions of
extraction. Lauric acid was detected as the dominant FA in samples of tucuma, murumuru,
palm kernel, babassu, and coconut oil (Table 6.3), which is generally in agreement with
previous findings (Dubois et al. 2007). This FA is considered the most effective MCFA
against pathogenic bacteria (Galbraith et al. 1971).

Reduction of foodborne pathogens can be both costly and challenging, particularly in the light
of the current microbial resistance status in both animal and human medicine. Antibiotics also
frequently affect not only a certain pathogenic agent, but also the beneficial microbiota of the
host (WHO 2017). In our study, none of the oils at tested concentrations showed any
inhibition towards commensal bacteria (Bifidobacterium and Lactobacillus spp.), while all
tested oils, excluding palm and red palm oil, possessed some degree of inhibitory activity
against pathogens (Table 6.4). The resistance of Bifidobacterium to MCFAs can be caused by
the lack of ferredoxin system responsible for the reduction of the nitro group in
metronidazole, resulting in higher resistance to metronidazole, an antibiotic effective against
most obligatory anaerobes (Pelissier et al. 2010). The negative antibacterial effect against
Lactobacillus acidophilus and L. fermentum observed in our study corresponds to the findings
of a previous study by Kodicek and Worden (1945), wherein they observed only low
inhibition of L. helveticus inoculated in the medium containing riboflavin and salt. This
finding represents the beneficial effects of MCFASs. In general, the antimicrobial susceptibility

testing of anaerobic and slowly growing bacteria is complicated, and warrants further studies.

All of the effective oils were active only after hydrolysis. These findings are in agreement
with the generally accepted mechanism of their antibacterial action, since the free FAs are
believed to be the effective compounds (Lee et al. 2015). Fatty acids can pass across the

bacterial cell membrane only in free form and subsequently, they can cause the intracellular
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acidification and bacterial growth inhibition (Sun et al. 1998). FAs can also cause the
conformational changes in the plasma membrane structure, thus affect the membrane
permeability and disrupt the electron transport chain. The balancing of the membrane
potential using ion pumps is energy-exhausting for the cell. Other processes contributing to
bacterial growth inhibition may be the influence of enzyme activity, impairment of nutrient
uptake, and generation of toxic peroxidation and autooxidation products (Desbois & Smith
2010). Based on the above mentioned facts it is evident that the hydrolysis (the releasing of
bounds on glycerol, respectively) represents the key process of antibacterial properties of the

oils.

In the current trial, the broadest range of antibacterial activity was observed in hydrolyzed
Cuphea oil, where all tested bacteria, excluding beneficial microbiota, were inhibited (0.56-
4.5 mg/ml) (Table 6.4). Cuphea oil, containing high amounts of capric acid (Table 6.3), was
effective against all Gram-positive pathogenic strains examined (E. cecorum, C. perfringens,
L. monocytogenes, and S. aureus). The beneficial effect of whole Cuphea seeds, combined
with exogenic lipase, was already observed by Dierick et al. (2003) in the experiments with
piglets, where not only an antibacterial activity was observed, but also the enlargement of the
villi in the small intestine was documented. This positive attribute was assigned to the high

capric acid content of Cuphea seed oil.

In addtition, Cuphea seed oil was the only one which inhibited L. monocytogenes in this trial.
In some previous studies, L. monocytogenes was inhibited by capric acid at 0.15 mg/ml
(Mbandi et al. 2004). Lauric acid also possessed anti-listerial activity in these studies. In
Parfene et al. (2013), coconut oil exerted an inhibitory effect on L. monocytogenes at 0.312
mg/ml. However, we observed no inhibition of this pathogen by coconut oil. This difference
could be due to different exposure times or higher percentage of lauric acid in the coconut oil
used in the previous study (70% vs 41% in the current study).

Several previous studies were focused on the inhibition of C. perfringens using MCFAs.
Skrivanova et al. (2005) estimated the effective concentrations of lauric acid for the inhibition
of this pathogen at 0.04 mg/ml, in another study (Skrivanova et al. 2014) a 30-minute
incubation with lauric acid (2 mg/ml) revealed disintegration of the cell wall in some cells of

C. perfringens. However, cytoplasmic membrane appeared to remain intact. Galbraith et al.
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(1971) also reported that the most effective MCFA inhibiting C. perfringens was lauric acid
(0.05 mg/ml).

S. aureus, a pathogen listed in Global priority list of antibiotic-resistant bacteria (WHO 2017),
was susceptible to all oils with the predominance of lauric acid (Table 6.4). Coconut and
tucuma oil were the most effective (0.56 mg/ml). Ruzin and Novick (2000) also reported that
lauric acid might be, at least, partially responsible for the inhibitory effect of glycerol

monolaurate against S. aureus.

Very little is known about the antibacterial effect of FAs on E. cecorum. However, Orhan et
al. (2011) observed the significant inhibitory effect of edible oils rich in long-chain fatty acids
against E. faecalis. A lag period in the growth of E. faecalis in the presence of monolaurin, a
monoacylglycerol of lauric acid, was also observed (Burikova et al. 2011). Based on these
facts and our results, it can be assumed that lauric acid and other MCFAs represent the
significant inhibitors of E. cecorum.

In conclusion, murumuru butter, tucuma, palm kernel, and babassu oils seem to be the
compounds with most promising antibacterial effect (after hydrolysis), probably because they
represent the compounds with lauric acid being the predominant FA. Cuphea seed oil with
high capric acid content, on the other hand, displayed the broadest spectrum of antibacterial
activity in our study. Low or no antibacterial activity was observed in the case of coconut, red
palm, and palm oil. As mentioned above, no oil sample inhibited the commensal bacteria
(Bifidobacterium spp. and Lactobacillus spp.). Since the effect would be highly undesirable,
the inactivity against these bacterial strains poses the considerable benefit.

6.6 Conclusion

In this study, a pronounced antibacterial effect of MCFA-containing plant oils was observed
in the case of Gram-positive bacteria, without any inhibitory effect on the beneficial
commensal bacteria. Since only a limited number of strains were used in our study, the
antibacterial effect of these oils should be verified using additional bacterial strains in
subsequent experiments. MCFAs are commonly available and can be developed as promising
suitable alternatives to the banned growth-promoting antibiotics for use in animal husbandry;

however, in vivo experiments are necessary prior to their practical implementation.
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7 In vitro antimicrobial effect of palm oils rich in medium-chain

fatty acids on mastitis-causing Gram-positive bacteria

Prevzato z: Lalouckova K, Mala L, Slani¢kova P, Skfivanova E. 2019. In vitro antimicrobial
effect of palm oils rich in medium-chain fatty acids on mastitis-causing Gram-positive
bacteria. Czech Journal of Animal Science 64:325-331.

Klara Lalouc¢kova navrhla a provadéla experiment v laboratofi, zpracovavala vysledky a je

autorkou ptavodniho textu ¢lanku.

7.1 Abstract

Various pathogens causing mastitis in dairy cattle are of serious concern due to their
increasing antibacterial resistance and potential transmission to other cows, calves, and the
environment, especially through the milking process. Therefore, alternative approaches to
antimicrobial usage in the treatment or control of mastitis in dairy cattle are severely needed.
The antibacterial effect of medium-chain fatty acids (MCFAS) is known to be significant for
various pathogens, but there is only limited information about the activity of MCFAs on
mastitis-causing pathogens. Moreover, no evidence about the antimicrobial effects of palm
oils rich in MCFAs, such as coconut, palm kernel, and tucuma oil, can be found in the current
literature. The aim of this study was to evaluate the in vitro antibacterial effect of palm oils
rich in MCFAs, after cleavage by an exogenous lipase from Mucor javanicus, on bovine
mastitis-causing strains (Staphylococcus aureus, Streptococcus agalactiae, Streptococcus
dysgalactiae, and Streptococcus uberis) by the broth microdilution method. All tested palm
oils exerted antibacterial activity towards eight tested bacterial strains in the range of 64 —
8192 ul/mL with Str. agalactiae being the most sensitive and S. aureus being the most
resistant species. The results of the present study demonstrate that palm oils rich in MCFAs
can serve as an alternative to the predominantly used predip and postdip procedures in bovine
mastitis control, but further in vivo studies are needed to confirm the findings for their

possible applications.

Keywords: antibacterial; bovine; Staphylococcus; Streptococcus; vegetable oil
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7.2 Introduction

Bovine mastitis affects the dairy industry worldwide. Defined as ‘inflammation of the
mammary gland,” mastitis is currently the most common reason for the use of antibacterials in
lactating dairy cattle (Erskine et al. 2004). VVan Boeckel (2015) estimated the global annual
consumption of antimicrobials per kilogram of animal produced is 45 mg-kg* in cattle. The
economic impact of bovine mastitis is tremendous — the annual losses have been estimated to
be approximately 2 billion dollars in the US (Hossain et al. 2017). The loss comprises
production losses connected with reduced milk production, treatment losses linked to
necessary remedies, and loss of animal value due to the fibrotic changes to the udders (Jingar
et al. 2017). The frequency of mastitis is usually higher in later lactations compared to that in

the first lactation (Kasna et al. 2018).

The classical approach to cure mastitis in cattle is antibiotics, but this treatment is
accompanied by various disadvantages, including a low cure rate, increasing occurrence of
resistance, and the presence of antibiotic residues in milk (Gomes & Henriques 2016).
Intramammary antibiotic treatment is usual praxis for mastitis treatment or control in dairy
cattle herds. Commonly used drugs include betalactams, macrolides and lincosamides
(Barkema et al. 2006). Cure rates rarely reach 50% in mastitis-causing S. aureus strains with
currently available therapies (Ster et al. 2013). The antibiotic therapy of bovine mastitis has
been related to emerging antimicrobial resistance in various bacterial strains, including
isolates from the infected cows, other animals from the same herd, and even from food
products of infected/cured animal origin (Silva et al. 2018). The modern concepts of mastitis
cure and prevention include nonsteroidal anti-inflammatory drugs (Breen 2017) and
intramammary teat seals (Kromker et al. 2014). Nevertheless, the occurrence of antibiotic
resistance in dairy cattle mastitis isolates is still of serious concern and is a reason for seeking

an alternative treatment in current research.

Organic acids are promising alternatives to antibiotics due to their antimicrobial activity in
controlling bacterial contamination and their ability to boost animal production (Polycarpo et
al. 2017). Unbranched saturated fatty acids with medium-chain lengths of carbons, namely,
caproic (Ceo), caprylic (Cso), capric (Cioo) and lauric (Ci20) acids, are a group of
antibacterials occurring naturally (e.g., in cow milk) (Legrand 2008). These fatty acids exhibit

antimicrobial properties against a wide variety of pathogens, including gram-positive bacteria
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(Hovorkova et al. 2018). Their bactericidal or bacteriostatic effect is believed to occur through
their ability to incorporate into bacterial membranes, increasing the fluidity of the membrane
and resulting in leakage of the internal content from the cells (Chamberlain et al. 1991).
Medium-chain fatty acids (MCFASs) frequently occur in oils of tropical palms originating in
tropical and subtropical areas (Van der VVossen et al. 2001). It has been proven by previous
research that the antibacterial effect of palm oils rich in MCFAs, such as babassu (Attalea
speciosa), coconut (Cocos nucifera), murumuru (Astrocaryum murumuru), palm kernel
(Elaeis guineensis), and tucuma (Astrocaryum vulgare) oils, is exerted only after their
cleavage, meaning after their release from triglycerides; the most prevalent of the detected
MCFAs is dodecanoic (lauric) acid followed by the tetradecanoic (myristic) acid, with the
total MCFAs content higher than 50%, and saturated fatty acids content more than 80% in all
the tested oils (Hovorkova et al. 2018). The antibacterial properties of free MCFAs and their
monoesters against various pathogens (Bunkova et al. 2011), including staphylococci
(Batovska et al. 2009) and streptococci (Schlievert & Peterson 2012), are well known. Nair
(2005) evaluated the in vitro antibacterial activity of capric acid and monocaprylin on major
bacterial mastitis pathogens in milk and found it to be effective. Unlike free fatty acids, palm
oils are complex substances with enhanced sensory properties and lower prices, but there are
no studies about the inhibitory activity of palm oils rich in MCFAs towards bovine mastitis-

causing bacteria.

The present research was carried out to evaluate the possible application of palm oils rich in
MCFAs with the aim of decreasing undesirable bacterial colonization of udders of dairy cows,

especially during the milking process.

7.3 Materials and methods

7.3.1 Chemicals

Coconut oil (C. nucifera) and palm kernel oil (E. guineensis) were purchased from Sigma-
Aldrich (Prague, CZ), while tucuma oil (A. vulgare) was obtained from Natural Sweet
Botanicals (Panama City, FL, USA). The oils used in this experiment were prepared
according to previous research (Hovorkova et al. 2018). Briefly, the oils were dissolved in
dimethyl sulfoxide (DMSO) and emulsified by Tween 80 (both Sigma-Aldrich, Prague, CZ)
to ensure sufficient dispersion into an emulsion with a final concentration of 819200 pg/mL.

The final concentration of solvents in the tested samples did not exceed 1%; thus, the bacterial
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viability could not be influenced (Wadhwani et al. 2009). Appropriate volumes of previously
obtained emulsions with 100x higher concentrations were finally diluted in tryptic soy broth
(TSB; Oxoid, Brno, CZ) or TSB enriched with yeast extract (Oxoid, Brno, CZ) to reach a
final concentration of 8192 pg/mL. This oil-medium emulsion was further supplemented with
a lipase from Mucor javanicus (Sigma-Aldrich, Prague, CZ), according to its lipolytic activity
at 2.73 mg/mL in culture media. The solution consisting of tested oil, an appropriate
cultivation medium chosen according to the tested strain, and the lipase from M. javanicus
was then shaken in a water bath heated to 37°C for one hour to release MCFAs from
triglycerides and to facilitate their antibacterial action. Penicillin G (Sigma-Aldrich, Prague,
CZ) was used as a growth control for bacterial cultures. A row of wells filled with medium
only and a row with bacteria in medium without palm oil emulsion were included in every

microtiter plate as a negative control and positive bacterial growth control, respectively.

7.3.2 Bacterial cultures and their maintenance

To evaluate the antibacterial potential of the abovementioned palm oils rich in MCFAs
towards bovine mastitis pathogens, 8 strains of bacteria that were proven mastitis-causing
pathogens were chosen. The strains listed in Table 7.1 were purchased from the Czech
Collection of Microorganisms and from the German Collection of Microorganisms and Cell
Cultures. Aliguots of bacterial cultures were stored at -80°C in 20% glycerol until use in TSB
or TSB with yeast extract. Stock cultures of microorganisms were cultivated in medium at

37°C for 24 hours prior to testing.

7.3.3 Determination of the minimum inhibitory concentrations

Minimum inhibitory concentrations (MICs) were determined using the guidelines of the
Clinical and Laboratory Standards Institute (CLSI 2013) to evaluate the antibacterial activity
of coconut, palm kernel, and tucuma oil against chosen gram-positive bovine mastitis-causing
strains. The in vitro broth microdilution method performed in 96-well microtiter plates was
used to test the antimicrobial susceptibility of palm oils rich in MCFAs. The initial
concentration of palm oils for susceptibility testing was 8192 pg/mL. Plates were inoculated
by bacterial suspension to a final density of 5-10° CFU/mL, which was controlled using a
McFarland Densitometer Biosan DEN-1 (BioTech, Prague, CZ), and incubated at 37°C for 24

hours.
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Table 7.1: Bacterial strains and their specification

Other designation

Bacterium Strain Specification
bovine mastitis isolate
(C2); production of B-
Stgﬁ?gﬂjzcsgggﬁbi‘if‘fééiﬁfp' CCM 4442 haemolysin; atypical P. Benda M 27/92
strain: phosphatase and
clumping factor negative
bovine mammary gland
CCM 6188 isolate; loss of B. Skalka K 126
haemolysins production
bovine udder isolate;
DSM 6732 murein: A11.3; no toxin ATCC 25178
genes present (PCR)
bovine mammary gland
. isolate (CZ); test
CCM 6187 test, production strain J. Smola 3767
for CAMP-factor;
control strain for
PYRAtest
bovine udder infection
isolate; Lancefield group
DSM 6784 B; beta-haemolytic; ATCC 27956
recommended as
reference strain for
CAMP test
Streptococcus dysgalactiae
subsp. dysgalactiae (ex . ATCC 43078
. . DSM 20662 cow isolate
Diernhofer 1932) Garvie et al. NCDO 2023
1983 emend. Vieira et al. 1998
L subclinical bovine
Streptococculsgtgbzir:s Diernhofer mastitis isolate (CZ);
CCM 4617 control strain for P. Benda 1268
STREPTOtest and
HIPPURATEtest
ATCC 19436
CCUG 17930
DSM 20569 type strain JCM 5709
NCDO 2038
NCTC 3858
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Bacterial growth before and after incubation was evaluated spectrophotometrically by a Tecan
Infinite® 200 PRO microplate reader (Tecan Group Ltd., Minnedorf, Switzerland) at a
wavelength of 405 nm. MICs were expressed as the lowest palm oil concentration that
resulted in 80% growth reduction compared to the oil-free growth control. In addition, a
susceptibility test of all strains to penicillin G was also performed by MIC determination, as
in the case of palm oils. All combinations of oil/penicillin G per strain were tested in three
individual experiments, each of which was carried out in triplicate. The final MIC was
determined as the mode of all values. In accordance with turbidity values measured in the
wells of the microtiter plates before and after incubation of the stock solution of three tested
palm oils and eight bacterial strains, MIC values for the selected oils and bacteria were
calculated. No antimicrobial activity of palm oils was observed without prior lipase cleavage
(Hovorkova et al. 2018); therefore, the results mentioned below only apply to oils after

cleavage by a lipase from M. javanicus.

7.4 Results

The minimum inhibitory concentrations (MICs) displayed in Table 7.2 show susceptibility of
all tested gram-positive bovine mastitis-causing pathogenic strains to the chosen palm oils in
the concentration range of 64 (S. aureus) — 8192 ug/mL (Str. agalactiae). The most sensitive
of the tested bacterial strains according to the lowest measured modal MIC value was Str.
agalactiae CCM 6178 (64 pug/mL in the case of palm kernel oil), followed by Str. agalactiae
DSM 6784, and Str. uberis DSM 20569 (128 ug/mL for tucuma and palm kernel oil,
respectively). The inhibitory activity, viewed as the average of the MIC values for each oil
against all strains, showed palm kernel oil to be the most effective (average MIC
1720 pg/mL), followed by tucuma oil (average MIC 1776 ug/mL), and coconut oil (average
MIC 3040 pg/mL). The most sensitive species of tested bacteria was Str. agalactiae with an
average MIC value of 331 pg/mL for all tested oils, followed by Str. uberis (1045 pg/mL),
Str. dysgalactiae (1707 ug/mL), and S. aureus (4323 pg/mL). Str. agalactiae was also the
most sensitive species (average MIC 0.00037 ug/mL), and S. aureus was the most resistant
species (average MIC 0.00138 pg/mL) to antibiotic control as demonstrated by penicillin G.
The susceptibility pattern of the species to palm oils was similar to that of penicillin G, except

for the switch between susceptibility of Str. dysgalactiae and Str. uberis.
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Table 7.2: Minimum inhibitory concentrations of tested palm oils (ug/mL)?

modus MIC [pg/mL] average
average | 41~
Strain palm kernel MIC of penicillin
coconut oil oil tucuma oil | penicillin G oils G
S. aureus iﬂ\g 2048 2048 2048 0.001953
oo | s 4096 4096 | 0001953 | 4324 | 0.00138
2733|\£| 8192 4096 4096 0.000244
Str. agalactiae gfgl\;l 1024 64 256 0.000244
331 0.00037
Py 256 256 128 0.00049
. DSM
Str. dysgalactiae 20662 2048 2048 1024 0.000488 1707 0.00049
Str. uberis igll\;l 2048 1024 2048 0.000488
1045 0.00061
oo 512 128 512 0.000977
total average MIC 3040 1720 1776 0.00082

'modus of triplicates of three independent experiments

7.5 Discussion

Increasing resistance to drugs in many bacteria has resulted in a ban on the use of antibiotic
growth promoters in livestock farming among EU states (Regulation EC No. 1831/2003 of the
European Parliament and the council of 22 September 2003 on additives for use in animal
nutrition). As there is a potential threat of spreading antibiotic resistance genes between
bacterial strains causing mastitis in bovines, it is necessary to look for new natural
antibacterial compounds acting specifically against mastitis-causing pathogens. Plant (palm)
oils containing medium-chain lipids can be found in natural products such as milk and are
nontoxic to mucosa while being able to inhibit a wide variety of human and animal pathogens

(Churchward et al. 2018). Moreover, all MCFAs, their triglycerides, and coconut oil have
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GRAS status meaning, that they are generally recognized as save for use in human nutrition
(FDA 2019).

A number of biological agents are already known to possess in vitro antibacterial activity
against both contagious and environmental bovine mastitis-causing strains. These substances
include extracts of various plants, such as Alternanthera brasiliana, Achillea millefolium,
Baccharis trimera, Cedrus deodara, Curcuma longa, Eucalyptus globulus, Ocimum sanctum,

Origanum vulgare, Solidago chilensis, Thymus vulgaris, etc. (Mushtaq et al. 2018).

MCFAs are well known to possess in vitro antibacterial properties towards various pathogens,
but to the best of our knowledge, there is no evidence about the antibacterial properties of
palm oils rich in MCFAs against bovine mastitis-causing staphylococci and streptococci.
Batovska (2009) evaluated the antibacterial activity of MCFAs towards S. aureus 2009,
S. aureus 146 MR, and S. aureus ATCC 33862 USA by the agar-well diffusion method and
discovered that capric acid inhibits all three strains at concentrations of 250 — 500 pg/mL and
that lauric acid inhibits S. aureus 209 at a concentration of 125 pg/mL. These concentrations
inhibiting staphylococcal growth are approximately 10x lower than in the case of the palm
oils tested in this study (2048 — 8192 pug/mL). In addition, Schlievert and Peterson (2012)
evaluated the inhibitory activity of lauric acid — in the form of glycerol monolaurate
(monolaurin) — against 54 different S. aureus strains and found its MIC to be 300 pg/mL.
Because palm oils are diverse combinations of fatty acids, not only MCFAs but also
tocopherols, polyphenols, phytosterols, and phenolic acids (Srivastava et al. 2016), it can be
assumed that these compounds interact due to their mechanisms of action and thus reduce the
antibacterial activity of the oils themselves. Another reason for the decreased antibacterial
activity of palm oils when compared to pure MCFAs can be due to their incomplete release
from triglycerides during the cleavage by lipase. This fact was confirmed in a trial by Nair
(2005), where the growth of 15 clinical isolates of mastitis-causing pathogens including S.
aureus, Str. agalactiae, Str. dysgalactiae, and Str. uberis was inhibited by caprylic acid and
monocaprylin. The authors concluded that the most effective concentration inhibiting the
abovementioned mastitis-causing isolates in autoclaved milk was 100 mM (6.93-10"* mg/mL)
of caprylic acid and 50 mM (2.29-10* mg/mL) of monocaprylin. Monolaurin is effective
against the growth of Str. agalactiae, as shown in a study by Schlievert and Peterson (2012),
where glucose monolaurate had antibacterial activity against three strains of this bacterium at
an MIC 30 of ug/mL. In our study, the effective concentration of oil against Str. agalactiae
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was up to 34x higher than that of glucose monolaurate in the case of coconut oil and the CCM
6178 strain, but only 2x higher in the case of palm kernel oil against the same bacterial strain.
This difference could be due to the different degree of hydrolysis in both oils during the
cleavage process. The susceptibility of S. aureus to the oils was significantly higher than the
susceptibility of other species not only in the present study — average MIC 13x higher than in
Str. agalactiae species — but also in other studies, as mentioned above. The probable reason
for the profound resistance of S. aureus is believed to be caused by its capsule, which is
formed by exopolysaccharides, and slime production has also been shown to exist in mastitis-

causing strains (Baselga et al. 1994).

As there is a known link between bacterial udder contamination causing mastitis and hygiene
(Schreiner & Ruegg 2003), a variety of pre- and postmilking teat disinfection procedures are
used in praxis. The most commonly applied treatments, especially after milking, are iodine-
based (iodophors) and chlorhexidine-based; however, both types of disinfectants currently
struggle with bacteria that are gaining resistance to these substances (Behiry et al. 2012). The
antibacterial properties of plant oils rich in MCFAs against mastitis-causing pathogens are
therefore desirable. The advantage of plant oils rich in MCFAs lies within their positive effect
on skin conditions (Oyedeji & Okeke 2010), as well as their antibacterial activity; therefore,
using plant oils rich in MCFAs as a part of teat preparation and treatment during the milking

process can be beneficial.

7.6 Conclusions

The potential health risk of foodborne transmission of antibiotic-resistant animal pathogenic
bacterial strains has led to the need for new alternative antibacterial sources in the dairy
industry. In this study, the antibacterial effect of palm oils rich in MCFAs, namely, coconut,
palm kernel, and tucuma oil (after cleavage with a lipase from Mucor javanicus) was
observed against eight bovine mastitis-causing pathogens in vitro. The results offer an
alternative approach to mastitis prevention in cattle herds since oils rich in MCFAs are

valuable antibacterial remedies suitable for use in teat preparation and treatment.
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8 In vitro Antagonistic Inhibitory Effects of Palm Seed Crude
Oils and their Main Constituent, Lauric Acid, with Oxacillin in

Staphylococcus aureus

Pievzato z: Lalouckova K, Skrivanova E, Rondevaldova J, Frankova A, Soukup J, Kokoska
L. 2021. In vitro Antagonistic Inhibitory Effects of Palm Seed Crude Oils and their Main
Constituent, Lauric Acid, with Oxacillin in Staphylococcus aureus. Scientififc Reports 11:1-
12.

Kléara Lalouckova provadéla experiment v laboratofi, zpracovavala vysledky a je autorkou
puvodniho textu ¢lanku.

8.1 Abstract

Infections caused by Staphylococcus aureus are a serious global threat, and with the
emergence of antibiotic resistance, even more difficult to treat. One of the possible
complications in antistaphylococcal therapy represents negative interactions of antibiotics
with food. In this study, the in vitro interaction between oxacillin and crude palm seed oil
from Astrocaryum vulgare, Cocos nucifera, and Elaeis guineensis against nine strains of S.
aureus was determined using the checkerboard method. Lauric acid was identified as a major
constituent of all tested oils by gas chromatography. The results showed strong concentration
dependent antagonistic interactions between palm oils and oxacillin with values of fractional
inhibitory concentrations indices ranging from 4.02-8.56 at concentrations equal or higher
than 1024 pg/mL of the tested oils. Similarly, lauric acid in combination with oxacillin
produced antagonistic action with fractional inhibitory concentration indices ranging from
4.01-4.28 at 1024 pug/mL. These findings suggest that interference between oxacillin and
palm oils and their constituents can negatively affect the treatment of staphylococcal

infections in humans and other animals.

Key words: medium-chain fatty acid; interaction; coconut oil; tucuma oil; palm kernel oil
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8.2 Introduction

Staphylococcus aureus, a gram-positive bacterium, occurs naturally on the skin and mucus
membranes of healthy individuals and is a common cause of pneumonia, skin infections, and
systemic infections in humans and other animals (Vos et al. 2011). Its ability to resist a broad
range of antibacterials in a short period makes it one of the most dangerous microorganisms
influencing the global population, with strains resistant to beta-lactams, such as methicillin-
resistant S. aureus (MRSA) being considered a high priority pathogen (WHO 2017).
However, currently used antistaphylococcal antibiotics (e.g., vancomycin, daptomycin, and
linezolid) are struggling against rising resistance, serious side effects, and relatively high costs
(Rodvold & McConeghy 2014). Hence, steps toward elimination of bacteremia caused by
multi-drug resistant strains are still needed. Among other possible options, combinatory
treatment is valuable for eradicating evolution of resistance by targeting different sites of the
bacterial cell (Aldeyab et al. 2008; Qin et al. 2017). For example, the combination of
vancomycin and a beta-lactam antibiotic (oxacillin) is currently being used effectively in the
treatment of MRSA (Tabuchi et al. 2017). A combination of beta-lactam antibiotic and beta-
lactamase inhibitors, such as co-amoxiclav consisting of amoxicillin and clavulanic acid, has
also been used for MRSA therapy (Ba et al. 2015). However, combinations of certain
antibiotics can produce negative interactions and undesirable side effects. Antagonistic action
generally occurs in the treatment of infection when mixing bactericidal and bacteriostatic
drugs (Ocampo et al. 2014), as seen when using a combination of the slow acting bactericidal
vancomycin and bacteriostatic clindamycin against S. aureus (Booker et al. 2004). Generally
faster acting agents, such as clindamycin or oxacillin, inhibit the function of vancomycin,
which has a gradual onset of action and exhibits antibacterial properties only on replicating
cells (Ho & Klempner 1986).

Combining various drugs is the prevalent praxis used to obtain an increase of the desired
effects, such as in anesthesia and pain management. However, enhancement of the undesired
effects might also occur, limiting the therapeutic value (Zanderigo et al. 2006). Such
interactions are also known to occur when combining drugs with various foods and food
products. Drug-food interactions are defined as changes in efficacy and/or toxicity of
pharmaceutical drugs induced by the consumption of any food product, including functional
foods and dietary supplements (Mouly et al. 2017). Various drug-food interactions (e.g., drug

interaction with the fat content of the meal), drug-nutrient interactions (e.g., with grapefruit
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juice or soy) and herb-drug interactions (e.g., with ginkgo or St John’s wort) have been
described and reviewed (Fugh-Berman 2000; Cheng 2006; Boullata & Hudson 2012;
Pirmohamed 2013). The most well-known example of drug-food interaction is that of
grapefruit juice that can inhibit the intestinal metabolism of more than 85 drugs by altering
cytochrome P450 (CYP3A4) isoforms (Bailey et al. 2013). Grapefruit juice, combined with
erythromycin, increases the bioavailability of the antibiotic in the small intestine (Kanazawa
et al. 2001), thereby increasing the possibility of adverse effects, such as cardiac dysrhythmias
(Genser 2008). In contrast, a combination of ampicillin and pomegranate methanol extract
acts synergistically in vitro against MRSA (Braga et al. 2005). Similarly, fatty acid methyl
esters obtained from soybean, corn, and sunflower crude oils potentiate the antifungal effect

of itraconazole in vitro (Pinto et al. 2017).

Vegetable oils are essential components of animal nutrition and contain various biologically
active constituents such as carotenoids, tocopherols (Chiu et al. 2009), coenzyme Q10 (de
Souza Guedes et al. 2017), and fatty acids (Anushree et al. 2017). These are carboxylic acids
with long, unbranched carbon chains, some of which may contain double bonds (McGaw et
al. 2002). In general, fatty acids are believed to be responsible for the antibacterial activity of
palm oils. They usually occur in the form of triglycerides; their hydrolysis into free fatty acids
is necessary for their antibacterial effect to be exerted (Tangwatcharin & Khopaibool 2012;
Lee et al. 2015; Hovorkova et al. 2018). The seeds of tropical palms such as tucuma
(Astrocaryum vulgare), coconut (Cocos nucifera), and African oil (Elaeis guineensis) palm
are one of the most economically important sources of plant oils, and are known to contain
mainly fatty acids of medium-chain length (MCFAs), with a prevalence of lauric acid (Ci2:;
LA). Apart from various physiological functions, the LA produces a growth-inhibitory effect
against algae (McGrattan et al. 1976), fungi (Era et al. 2015), protozoa (Dohme et al. 2004),
and both gram-negative (Sun et al. 2003; Skiivanova et al. 2006; Thormar et al. 2006) and
gram-positive bacteria (Bergsson et al. 2001). It also inhibits the production of bacterial
virulence factors such as beta-lactamases, a group of exoproteins inducing beta-lactams
inactivation and moreover enhancing toxin production by S. aureus at subinhibitory antibiotic
concentrations (Projan et al. 1994); toxic shock syndrome toxins (Ruzin & Novick 2000); and
hemolysins (Liaw et al. 2004). In addition to LA, tropical palms contain caproic (Ce:0),
caprylic (Cg0), and capric (Ci0:0) acids that also possess various antimicrobial properties
(Hanczakowska et al. 2011; Huang et al. 2011; Kollanoor-Johny 2012). In addition, MCFAs
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are known to be effective against S. aureus. Batovska et al. (2009) concluded that when these
fatty acids are esterified with glycerol and create e.g., monolaurin, their direct
antistaphylococcal effect is intensified. Ubgogu et al. (2006) observed a noticeable in vitro
inhibitory effect of E. guineensis palm kernel oil against S. aureus. The mechanism of
antimicrobial action of fatty acids is not fully known, the prime target seems to be the
bacterial cell membrane together with various essential processes that occur within and at the
membrane, including nutrient uptake or enzyme inhibition (Desbois & Smith 2010). The
amphiphilic nature of fatty acids enables them to act as detergents at high concentrations and
aid the solubilization of the lipids in the membranes (Churchward et al. 2018). It has been
experimentally proven that doses of LA equal to or higher than 100 pug/mL (> 500 uM)
induce reversible morphological changes of lipid bilayers (Yoon et al. 2015), cause partial
solubilization of the cell membrane, and interfere with metabolic regulation, leading to the
inhibition of bacterial growth (Desbois & Smith 2010). It is well known that bactericidal
drugs are most potent with actively growing cells and that inhibition of growth, induced by a

combination with a bacteriostatic drug, can result in reduction of drug efficacy (Ocampo et al.

2014).

Besides the antimicrobial properties, LA is known to exhibit synergistic antistaphylococcal
activity in combination with monolaurin (Batovska et al. 2009), lactic acid (Tangwatcharin &
Khopaibool 2012), and gentamicin (Kitahara et al. 2006). However, limited information is
available regarding the possible negative interactions of palm oils with antimicrobial agents.
Therefore, we decided to perform a screening test, focused on determining the combined
effect of the chosen palm oils and free MCFAs (Ce:0 — Ci12:0) With representatives of all major
antibiotic groups, namely beta-lactams (amoxicillin, ampicillin, and oxacillin), tetracyclines
(tetracycline), glycopeptides (vancomycin), and aminoglycosides (gentamicin), against three
reference strains of S. aureus. Among the free MCFAs, only LA showed above mentioned
synergism with gentamicin against chosen S. aureus strains; the interactions of all free
MCFAs with tetracycline and vancomycin were indifferent, but beta-lactams, namely
amoxicillin, ampicillin and especially oxacillin, showed results that were warranted further
investigation with LA showing the strongest antagonistic interactions (K. Lalouckova and L.
Kokoska, unpublished data). In the present study, we evaluated in vitro combinatory effect of
A. vulgare, C. nucifera, and E. guineensis seed crude oils and their main constituent LA with

oxacillin, using the checkerboard microdilution method, against different strains of S. aureus.
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8.3 Results

8.3.1 Fatty acid composition of crude oils

In the first part of the study, fatty acid composition of the tested oils was identified using GC-
FID. As shown in Table 8.1, oils from A. vulgare, C. nucifera, and E. guineensis consisted
mainly of 58.2, 53.88 and 52.24 mg/g of MCFAs, respectively. LA was a major constituent of
the oils, present at a concentrations of 53.37 mg/g in A. vulgare, 45.24 mg/g in E. guineensis,
and 41.31 mg/g in C. nucifera oil. This profile corresponded with the total saturated fatty acid
composition, where A. vulgare is followed by C. nucifera and E. guineensis oil with values of
90.32, 82.35, and 80.21 mg/g, respectively. The contents of other MCFAS, namely caprylic,
capric, and caproic acids, were 6.73, 5.29, and 0.55 mg/g in C. nucifera, 3.48, 3.27, and
0.25 mg/g in E. guineensis, and 2.47, 2.15, and 0.21 mg/g in A. vulgare oil, respectively. In
addition to MCFAs, saturated fatty acids consisted of myristic, palmitic, and stearic acids.
Their respective contents were 24.82, 5.41, and 1.89 mg/g in A. vulgare; 16.5, 9.05, and 2.92
mg/g in C. nucifera; and 15.85, 9.46, and 2.66 mg/g in E. guineensis oil.

Although saturated fatty acids were the major constituents of all oils analysed, the
composition of monounsaturated (MUFAS) and polyunsaturated (PUFASs) fatty acids was also
determined. MUFASs, consisting of oleic, eicosenoic, and palmitoleic acids, were the most
abundant in E. guineensis oil (16.67 mg/g), and were present at relatively lower
concentrations in C. nucifera and A. vulgare oil (11.87 and 6.55 mg/g, respectively). The oleic
acid content was the highest in all samples, ranging from 6.47-16.54 mg/g. In contrast,
eicosenoic (0.05-0.15 mg/g) and palmitoleic acid (< 0.03 mg/g) were present in minor

amounts.

PUFA content in C. nucifera oil (5.8 mg/g) was double that of A. vulgare (2.9 mg/g) and E.
guineensis (2.84 mg/g) oil. In C. nucifera oil, linoleic acid was the most abundant PUFA,
similar to A. vulgare and E. guineensis oil at 4.79, 2.77, and 2.68 mg/g, respectively. The
second most abundant PUFA in C. nucifera oil was a-linoleic acid (1.88 mg/g), which was
also present in lower amounts in A. vulgare (0.06 mg/g) and E. guineensis (0.03 mg/qg) oil.
Compared to C. nucifera and A. vulgare oil (both 0.13 mg/g), arachidonic acid was the least

abundant PUFA in E. guineensis oil (0.07 mg/g).
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Table 8.1: Fatty acid profile of crude palm seed oils. Data are presented as average of two analyses, each
performed in triplicate

Plant species/fatty acids content (mg/g)

Fatty acid Astrocaryum vulgare Cocos nucifera Elaeis guineensis
Saturated fatty acids (SFA)

Caproic (Ce) 0.21 0.55 0.25
Caprylic (Cg0) 2.47 6.73 3.48
Capric (Cio.0) 2.15 5.29 3.27
Lauric (C120) 53.37 41.31 45.24
Myristic (C14:0) 24.82 16.5 15.85
Palmitic (Ci6.0) 5.41 9.05 9.46
Stearic (Cig:) 1.89 2.92 2.66
Total SFA 90.32 82.35 80.21
Total MCFA 58.2 53.88 52.24

Monounsaturated fatty acids (MUFA)

Palmitoleic (C16:1) 0.02 - 0.03
Oleic (Cig:1) 6.47 11.72 16.54
Eicosenoic (Czo:1) 0.05 0.15 0.10
Total MUFA 6.55 11.87 16.67

Polyunsaturated fatty acids (PUFA)

Linoleic (Cis2) 2.77 4.79 2.68
a-Linoleic (Cis:3) 0.06 0.88 0.03
Arachidonic (Cz0:4) 0.07 0.13 0.13
Total PUFA 2.9 5.8 2.84
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8.3.2 Antistaphylococcal antagonistic effect of crude oils and oxacillin

In the first step, the susceptibility of the three tested S.aureus strains to oxacillin and
hydrolyzed seed oils of A. vulgare, C. nucifera, and E. guineensis was determined using broth
microdilution method to evaluate the suitable starting concentrations for combined effect
(MIC — minimum inhibitory concentration — values for all tested oils in non-hydrolyzed forms
> 8192 pg/mL; data not shown). A. vulgare oil induced the strongest antistaphylococcal
effect, with MIC values ranging from 240-356 ug/mL, followed by that of C. nucifera (MIC
values from 241-512 pg/mL) and E. guineensis (MIC values from 427-512 pg/mL). The
MIC values of oxacillin ranged from 0.72-56.89 pg/mL.

Further, analysis of the combined effect of tested seed crude oils and oxacillin was performed
by the checkerboard method. The results showed some degree of antagonism in all tested
strains at certain concentrations of combinations, with FIC indices ranging between 8.56—
4.02. In addition, a consistently antagonistic, concentration-dependent effect of the selected
palm oils at concentration of 2048 ug/mL, and in some cases 1024 pg/mL, was seen, when
combined with oxacillin against all tested S. aureus strains. All other combinations showed an
indifferent relationship between tested agents, as shown in Table 8.2.

A strong antagonistic effect, manifested by very high FIC indices of 8.56 (clinical isolate
SAl) and 8.51 (MSSA ATCC 29213), was observed for A.vulgare oil at a concentration
2048 pg/mL, when combined with oxacillin. At the same concentration, A. vulgare oil caused
an adverse interaction in MRSA ATCC 43300 with a FICI of 5.78. This antagonistic effect
was also observed at a concentration of 1024 ug/mL with the MSSA clinical isolate, SA1
(FICI 4.30), and the reference strain, ATCC 29213 (FICI 4.27). Indifferent relationships were
displayed in all other combinations for both agents. Interestingly, a significant increase in
MIC of oxacillin was observed when combined with A. vulgare oil at two lowest
concentrations tested (32 and 16 pg/mL). In these cases, the MIC values rose by
approximately 1/3 and 3/4, respectively, when compared to the MIC of the antibiotic alone,
against MSSA ATTC 29213. In combination with oxacillin, C. nucifera and E. guineensis oils
also exerted antagonistic properties in all tested strains, at a concentration of 2048 pg/mL
(FICI 4.02-6.28). C. nucifera oil showed the strongest antagonistic effect for MRSA ATCC
43300 strain, followed by MRSA clinical isolate SA1 and MSSA ATCC 29213 strain (FICI

values were 6.28, 6.03, and 4.09, respectively). E. guineensis oil exerted similar antagonistic
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activity in MSSA ATCC 29213, MRSA clinical isolate SA1, and MRSA ATCC 43300 strain,
with FICI values of 4.88, 4.83, and 4.02, respectively. The rise of oxacillin MIC, when
combined with the lowest concentrations (16-64 pug/mL) of the tested oils, was even more
pronounced with C. nucifera. It induced an increase of MIC in MSSA ATCC 29213 strain up
to more than two times. A slight increase of oxacillin MIC was also detected in ATCC 29213

strain at a concentration of 0.32 pg/mL of E. guineensis oil.

8.3.3 Antagonistic growth-inhibitory effect of lauric acid with oxacillin against S.

aureus

As mentioned above, GC-FID analysis revealed LA to be the predominant fatty acid in all
tested oils. Based on this result, the susceptibility of nine S. aureus strains to oxacillin, LA,
and a combination of oxacillin and LA was investigated using the same methodology as that
used for palm oils. As shown in Table 8.3, MIC values of oxacillin ranged from 0.53-683
nug/mL. MIC values of LA were the same for all S. aureus strains at 256 pg/mL, except for
MRSA ATCC 43300, where the MIC of LA decreased to 242 pg/mL.

Subsequently, FICI values were calculated and the effect of combinations was analysed.
Antagonistic mode of action was observed for LA at a concentration of 1024 pg/mL, when
combined with oxacillin (FICI values were 4.01-4.28) in all tested S. aureus strains; the
strongest antagonistic interaction was exhibited for the MRSA ATCC 43300 strain. Other
combinations of concentrations revealed indifferent relationships, except for a combination of
LA at 32 pg/mL with oxacillin against the S. aureus ATCC BAA 976 strain. In this case, the
MIC of oxacillin increased four times, to 128 pg/mL, and the FICI value was 4.13. In all
tested bacterial strains, rise of MIC values of tested antibiotics occurred when combined with
LA at certain concentrations (16-256 pg/mL), up to two times with the average increase by

nearly two-thirds.

To determine whether the hydrolyzed seed oils of A. vulgare, C. nucifera, and E. guineensis
and LA influence the growth of S. aureus strains, the analysis of growth curves of three S.
aureus strains, namely ATCC 29213, ATCC 43300, and clinical isolate SA1, was performed.
According to Figure 1, the graphical evaluation of bacterial growth upon increasing
concentrations of hydrolyzed oils and LA revealed decreasing growth rate and increase in

generation time for all tested S. aureus strains.
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Table 8.2: Combinatory effect of crude palm seed oils and oxacillin against Staphylococcus aureus determined by checkerboard method

MIC of oxacillin with Astrocaryum vulgare oil at concentration (pug/mL):
compounds alone
(ng/mL): 2048 1024 512 256 128 64 32 16
S. aureus MIC MIC MIC MIC MIC MIC MIC MIC MIC MIC
strain OXA OIL OXA FIC] OXA Ficl OXA FIC] OXA FIC] OXA Ficl OXA FIC] OXA FIC] OXA Ficl
29213 1.67 242 006 851 0.06 427 006 216 023 120 044 080 111 093 222 147 289 1.80
43300 56.89 356 1 5.78 1 2.90 6 1.55 7 0.84 2167 0.74 3022 071 4356 0.86 53.33 0.98
SAl 2 240 006 856 0.06 430 007 217 021 117 041 074 063 058 106 0.66 1.88 1
MIC of oxacillin with Cocos nucifera oil at concentration (pg/mL):
compounds alone
(ng/mL): 2048 1024 512 256 128 64 32 16
S. aureus MIC MIC MIC MIC MIC MIC MIC MIC MIC MIC
strain OXA OIL OXA FICl OXA FICI OXA FICl OXA FICl OXA FICl OXA FIcl OXA FIcl OXA FICl
29213 0.72 512 006 409 071 298 032 144 038 102 071 123 094 143 239 337 2 2.80
43300 49.78 327 1 6.28 1 3.15 1 159 689 092 1422 068 2133 0.62 2844 0.67 32 0.69
SAl 2 241 006 603 006 303 008 154 028 089 058 067 1 069 133 0.76 2 1.05
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MIC of oxacillin with Elaeis guineensis oil at concentration (ug/mL):
compounds alone

(ng/mL): 2048 1024 512 256 128 64 32 16
S. aureus MIC  MIC  MIC MIC MIC MIC MIC MIC MIC MIC
strain oxa ol oxa ' ooxa P ooxa PN oxa P oxa I oxa PN oxa P oxa FIC
29213 075 427 006 48 006 248 009 132 03L 102 053 1 069 108 078 111 056 078
43300 56.89 512 1 402 1 202 7 112 1578 078 1956 059 32 069 3733 072 4267 078
SA1 2 427 006 48 007 243 021 130 040 080 089 074 153 093 2 108 2 104

Data are presented as average of three analyses, each performed in triplicate. Bold values: antagonism (XFIC > 4). S. aureus Staphylococcus aureus, MIC minimum inhibitory
concentrations, FICI fractional inhibitory concentrations index, OXA oxacillin.
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Table 8.3: Combinatory effect of lauric acid and oxacillin against Staphylococcus aureus determined by checkerboard method

MIC of oxacillin with lauric acid at concentration (pg/mL):
compounds
alone (ug/mL): 1024 512 256 128 64 32 16 8

S. aureus MIC MIC MIC FICI MIC FICI MIC FICI MIC FICI MiIC FICI MIC FICI MIC FICI MIC FICI

strain OXA LA OXA OXA OXA OXA OXA OXA OXA OXA
29213 0.53 256 001 401 001 201 001 102 0.58 1.61 0.67 151 0.78 1.6 0.89 175 0.78 15
33591 683 256 8 4.01 8 2.01 8 1.01  319.56 0.97 853 15 1024 1.63 1024 15 1024 153
33592 569 256 8 4.01 8 2.01 8 1.01  112.89 0.7 512 115  682.49 1.33 568.89  1.06 512 0.97
43300 46.22 242 2 428 222 217 267 112 9.11 0.73 33.78 1 103.11 2.36 11022 245 6756 1.49
EMRSA 15 99.56 256 1 4.01 1 2.01 1 1.01 8.22 0.58 112 1.38 >128 >1.41 128 1.35 128 1.32
BAA 976 32 256 083 403 083 203 083 103 19.56 111 85.33 292 128 4.13 118.86  3.78 64 2.03
SA1 1.44 256 013 409 013 209 013 1.09 0.39 0.77 1 0.94 1.78 1.36 1.89 137 222 1.57
SA?2 67.56 256 2 4.03 2 203 711 111 24 0.86 7464  1.36 92.44 1.49 85.33 133 7467 114
SA3 0.47 256 006 413 006 213 0.06 1.13 0.5 1.56 083 201 0.61 1.24 1.17 253  0.69 1.49

Data are presented as average of three analyses, each performed in triplicate. Bold values: antagonism (XFIC > 4). S. aureus Staphylococcus aureus, MIC minimum inhibitory
concentrations, FICI fractional inhibitory concentrations index, OXA oxacillin, LA lauric acid.
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Figure 8.1: Growth curves of Staphylococcus aureus strains upon different concentrations (pg/mL) of
hydrolyzed palm oils or lauric acid (A — Astrocaryum vulgare oil; B — Cocos nucifera oil; C — Elaeis guineensis
oil; D — lauric acid) determined spectrophotometrically. SA, Staphylococcus aureus; OD, optical density.
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8.4 Material and Methods

8.4.1 Chemicals and samples preparation

LA, C. nucifera and E. guineensis oils, and oxacillin sodium monohydrate were obtained
from Sigma-Aldrich (Prague, CZ). A. vulgare oil was purchased from Sweet Natural
Botanicals (Panama City, FL, USA). LA and A. vulgare, C. nucifera, and E. guineensis oils
were dispersed in dimethyl sulfoxide, which was previously proposed for sparingly soluble
substances (Balakin et al. 2004), including the LA (Yang et al. 2009) and palm oil (Salhin et
al. 2013); and emulsified using Tween 80 (Sigma-Aldrich, Prague, CZ), that is a common
procedure of hydrophobic sample preparation (Deng et al. 2016), not influencing the
antibacterial properties of tested compounds when used in recommended concentrations
(Castro et al. 1995; Hood et al. 2003). Complete dissolution of LA was achieved by heating
(70°C for 10 min) it in an ultrasonic-bath. Analysed plant oils were selected based on the high
content of LA as described in literature (McCarty & DiNicolantonio 2016; Harwood et al.
2017; Didonet et al. 2020). Hydrolysis of oils, to induce antimicrobial properties, was
achieved by adding 5 x 10 mg/mL of porcine pancreatic lipase (Sigma-Aldrich, Prague, CZ)
and shaking for 1 h in a water-bath heated to 37°C. Degree of hydrolysis of oils was
dependent on the lipolytic activity of the enzyme. One unit of porcine pancreatic lipase

hydrolyzes 1.0 microequivalent of fatty acid from triacetin in 1 h at pH 7.4, at 37°C.
8.4.2 Bacterial strains and media

In this study, nine S. aureus strains were tested. Five reference strains including methicillin
sensitive (MSSA) ATCC 29213, MRSA ATCC 33591, ATCC 33592, ATCC 43300 and
ATCC BAA 976 were purchased from Oxoid (Basingstoke, UK). Three clinical isolates of
drug resistant S. aureus (SAL, SA2, and SA3) and one epidemic MRSA strain (EMRSA-15)
were obtained from the Motol University Hospital (Prague, CZ). Oxacillin, gentamicin,
tetracycline, and penicillin were used as markers of the antibiotic resistance as it has been
previously determined (Rondevaldova et al. 2017; Rondevaldova et al. 2018; Frankova et al.
2021). Based on the MIC values, clinical isolates were identified to be resistant to: SA1 —
resistant to gentamicin (MIC 8 pg/mL) and tetracycline (MIC 8 pg/mL); SA2 — resistant to
oxacillin (MIC 68 pg/mL), gentamicin (MIC 16 pg/mL) and tetracycline (MIC 8 pg/mL);
SA3 — resistant to gentamicin (MIC 8 pg/mL) and penicillin (MIC 18.67 ng/mL); EMRSA-15

— resistant to oxacillin (MIC 99.56 pg/mL) and penicillin (MIC 16 pg/mL). The clinical
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isolates were identified using matrix-assisted laser desorption/ionization time-of-flight mass
spectrometry (MALDI-TOF MS), as described previously by Rondevaldova et al. (2018).
Bacterial stocks were stored at 4°C on Miiller-Hinton agar (Oxoid, Basingstoke, UK).

Working cultures were maintained in Miiller-Hinton broth at 37°C for 24 h before testing.
8.4.3 Determination of fatty acid composition

To evaluate fatty acid composition of oils obtained from A. vulgare, C. nucifera, and E.
guineensis, alkaline trans-methylation of fatty acids was carried out as described by Raes et
al. (Raes et al. 2003). Analysis of methyl esters was performed using gas chromatography
(GC) with the HP 6890 chromatograph (Agilent Technologies, Inc., Santa Clara, CA, USA),
equipped with a 60 m DB-23 capillary column (60 m x 0.25 mm x 0.25 um) and a flame-
ionization detector (FID); split injections were performed using an Agilent autosampler. A
total of 1 uL of standards in hexane were injected in split mode (1:40 ratio) into the injector,
heated to 230°C. The column temperature was initially set at 120°C for 6 min then
programmed to 170°C at a rate of 15°C/min. The temperate gradient was further configured to
210°C at the rate of 3°C/min and held for 13.5 min. Finally, the temperature was programmed
to 230°C at the rate of 40°C/min and held for 7 min. Nitrogen was used as the carrier gas, at a
flow rate of 0.8 mL/min. Supelco 37 Component FAME Mix, PUFA 1, PUFA 2, PUFA 3,
trans-vaccenic acid, and a mixture of conjugated isomers of linoleic acid (Sigma-Aldrich,
Prague, CZ) were used as standards. Fatty acids were identified based on retention times with

respect to standards.

8.4.4 Evaluation of minimum inhibitory concentrations and antagonistic combinatory
effect

Using guidelines of the Clinical and Laboratory Standards Institute (2018), the antibacterial
activities of oxacillin; oils extracted from A. vulgare, C. nucifera, and E. guineensis; and LA
were evaluated in vitro by the broth microdilution method, modified as per the
recommendations of Cos et al. (2006), for effectively assessing the anti-infective potential of
the natural products. Antistaphylococcal effect of a combination of oxacillin/LA or
oxacillin/palm oil was tested in vitro using the microdilution broth checkerboard method, as
described in the Clinical Microbiology Procedures Handbook (Leber 2016). The
determination of MIC of oxacillin, palm oils and LA, as well as oxacillin/LA or oxacillin/A.

vulgare oil/C. nucifera oil/E. guineensis oil combinatory effect evaluation by indices of
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fractional inhibitory concentration (FICI) was performed in 96-well microtiter plates. For the
testing of combinatory effects, eight two-fold serial dilutions of oxacillin were placed in the
horizontal rows of the plate and were subsequently cross-diluted vertically by eight two-fold
serial dilutions of the test compound (palm oil or LA), resulting in 64 different combinations
of concentrations. The initial concentration for palm oils was 4096 pg/mL and for LA
2048 ng/mL; the starting concentration of antibiotic was adjusted according to the tested
strain. The microtiter plate assay was performed using the automatic pipetting platform,
Freedom EVO 100 equipped with a four-channel liquid handling arm (Tecan, Ménnedorf,
CH). Cation-adjusted Miiller-Hinton broth, equilibrated to a final pH of 7.6 with Trizma base
(Sigma-Aldrich, Prague, CZ) was used as growth medium. Buffering the culture media was
performed to ensure the stability of oxacillin that is known to decrease under the low pH
conditions (Rad et al. 2011). Inoculation of the plates was carried out using bacterial
suspensions, at a final density of 5 x 10° CFU/mL, standardized using Densi-La-Meter II by
adjusting turbidity of the microorganism suspension to 0.5 McFarland standard. Next,
incubation at 37°C for 24 h was performed. Evaluation of bacterial growth was performed
spectrophotometrically using multimode reader Cytation 3 (BioTek Instruments, Winooski,
VT) at 405 nm. MIC values were expressed as the lowest compound concentrations that
resulted in >80% growth reduction compared to that of the agent-free growth control. The
lipase added to the Miiller-Hinton broth, in concentrations ranging from 0.005-9.77 x 10
mg/mL did not affect the growth of any strain of S. aureus tested when assayed as a negative

control. FICI values were determined as FIC, derived from the equation,

SFIC = FIC, + FICp

__ MICAj (in the presence of B) __ MICg (in the presence of A)

where, FICa = MIC, (alone) and FICg = MICg(alone)

According to the value of FIC, three different effects could be observed according to Odds
(2003) - synergy (XFIC < 0.5), indifference (ZFIC > 0.5-4), and antagonism (XFIC > 4). All
compounds and their combinations were tested in three independent experiments, each carried

out in triplicate; MIC values and FICs presented in this paper are average values.
8.4.5 Growth rates determination

To evaluate the influence of tested palm oils and LA concentrations on parameters of the

S. aureus growth, standardised microdilution assay was used (CLSI 1999). Briefly, the
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determination in 96-well microtiter plates where eight two-fold serial dilutions of tested
compound (LA or A. vulgare/C. nucifera/E. guineensis oil emulsion cleaved by porcine
pancreatic lipase as described previously) starting at concentration 4096 ug/mL in cation-
adjusted Miiller-Hinton broth was performed. Next, the plates were inoculated with bacterial
suspensions at a final density of 5 x 10° CFU/mL, standardized using Densi-La-Meter 1l by
adjusting turbidity of the microorganism suspension to 0.5 McFarland standard, same as in
case of MIC and FIC determination. Subsequently, incubation at 37°C was performed,
measuring the absorbance of each well spectrophotometrically by multimode reader Cytation
3 (BioTek Instruments, Winooski, VT) at 405 nm every half-to-one hour for 14 hours and

after 24 hours.
8.5 Discussion

In our study, crude seed oils rich in MCFAs, hydrolyzed by porcine pancreatic lipase, and LA
showed in vitro growth-inhibitory effect against reference strains and clinical isolates of
S. aureus. As per the results of GC analysis, the oils used for antibacterial testing were of
standard composition, as reported by other groups, who also identified LA as the major
constituent of A. vulgare (Mambrin & Arellano 1997), C. nucifera (Marina et al. 2009), and
E. guineensis oils (Edem 2002). In this study, the MIC values of LA against the tested S.
aureus strains (242-256 pg/mL) were comparable to those reported by other authors. For
example, Batovska et al. (2009) reported an MIC values for LA, measured by the
macrodilution method against S. aureus strains at > 125 pg/mL. Moreover, Nitbani et al.
(2016) reported the antibacterial activity of LA isolated from C. nucifera oil against S. aureus.
In contrast, Parsons et al. (2012) determined an MIC value of 50 pg/mL (250 uM) for LA
against S. aureus, using the broth microdilution method. Similarly, Kelsey et al. (2006)
observed MIC values equal to 50 ug/mL of LA against three different S. aureus strains, using
turbidimetry with visual evaluation and ethanol as a solvent; however, these variations could
be caused by the different methodologies and S. aureus strains used. To the best of our
knowledge, there is only limited information on the antibacterial properties of palm oils rich
in MCFAs. Free-fatty acids are known to have antibacterial activity in contrast with those
bound to triglycerides (Lee et al. 2015). As described by various authors previously (Parsons
et al. 2012; Yoon et al. 2015), the antistaphylococcal effect of fatty acids is induced by
disruption of bacterial cell membrane resulting in its destabilization by inducing tubule

formation on the lipid bilayer and cell lysis; thus, the antimicrobial activity of oils containing
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fatty acids is facilitated only upon hydrolysis of triglycerides (Tangwatcharin & Khopaibool
2012; Lee et al. 2015; Hovorkova et al. 2018). In contrast, Ubgogu (2006) showed that
E. guineensis oil exerted slight antibacterial effect on S. aureus, without getting hydrolyzed,
using the disc diffusion technique. This result is the opposite of that observed in this study,
where the oils acted as an antibacterial only after being hydrolyzed by the porcine pancreatic
lipase. Rossato et al. (2019) also observed no antistaphylococcal activity of unhydrolyzed A.
vulgare oil. Results of in vitro screening of C. nucifera oil and other MCFA-containing fats,
with lipolytic enzymes that simulated gastric conditions in piglets, showed a significant
change in suppression of gut microbiota (total anaerobes and E. coli) (Dierick et al. 2002).
This finding suggests that MCFA-rich oils exert their antibacterial effects after enzymatic

hydrolysis by lipases synthesized in the gastrointestinal tracts of humans and other animals.

Studies on the combinatory effect of MCFAs and their esters with different organic acids,
inorganic compounds, and antibiotics against various bacteria, including S. aureus, can be
found in literature (Kitahara et al. 2006; Batovska et al. 2009; Tangwatcharin & Khopaibool
2012; Rosenblatt et al. 2015). However, the findings of these studies markedly vary,
depending on the class of antimicrobial agent used. For example, Kitahara et al. (2006)
observed synergistic interaction of LA at 50 pg/mL with gentamicin (FICI values were 0.25—
0.31) and imipenem (0.13-0.25) and indifferent interactions of LA (50 pg/mL) with
ampicillin and oxacillin, against MRSA clinical isolates. Similarly, Hess et al. (2014)
observed indifferent interactions of the LA-ampicillin or vancomycin combination against S.
aureus biofilms and a synergistic interaction between LA and streptomycin. We observed
indifferent antistaphylococcal action of oxacillin and LA (50 pg/mL); however, increasing the
amount (> 1024 ug/mL) of LA, produced strong antagonism in the presence of the antibiotic.
The reason for the lack of antagonism in Kitahara et al. (2006) and Hess et al. (2014) could be
the concentration of LA used in the study, which probably did not reach a sufficient value for
the antagonism to be exerted. There is no information on the interaction of palm oils rich in
MCFAs as their antibacterial activity was not confirmed in the study (Ferreira et al. 2011;
Rossato et al. 2019) because hydrolysis of oils was not performed (Tangwatcharin &
Khopaibool 2012).

From the results presented in this study, it is not possible to infer by which mechanism the
antagonism between LA, tested oils and oxacillin occurs. Nevertheless, the detected

prolongation of the generation time resulting in the decrease of specific growth rate arising
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with increasing concentrations of LA and LA-rich tested palm oils indicates that a possible
mechanism underlying the antagonistic interactions between tested compounds might lie in
the halting of cell division caused by LA/A. vulgare/C. nucifera/E. guineensis oil. It can be
assumed that while the LA temporarily prevents the growth of bacterial cells, oxacillin is not
able to properly exert its activity. However, it is not just the membrane lipid structure that can
change under the influence of exogenous lipids but the protein structure as well. Other factors
including membrane strain may account for the organization of membrane proteins
(Robertson 2018). It can be hypothesized that under increased membrane strain, such as after
the treatment of lipid bilayers with high concentrations of LA (Yoon et al. 2015), membrane
protein function is altered (Zhang & Li 2019). Such a circumstance can affect the antibacterial
activity of oxacillin, which strongly depends on its ability to inhibit bacterial cell wall
synthesis by preferentially binding to penicillin-binding proteins (PBPs) that are located
inside the bacterial cell wall (Papich 2007). Therefore, oxacillin probably becomes ineffective
after change in PBP function, induced by LA. As membrane protein stability also depends on
membrane energetics, LA can reduce membrane fluidity and disrupt the electron transport
system, perhaps by restricting the movement of carriers within the membrane (Desbois &
Smith 2010). The eventual impairment of membrane electron carriers can lead to a change in
the intracellular and extracellular pH, which can cause the precipitation of PBPs (Roch et al.
2019) and make them to lose the ability to interact with oxacillin. In addition, the change in
extracellular pH can affect chemical structure of oxacillin as this drug is highly unstable in
acidic environments (Rad et al. 2011). Moreover, S. aureus is known to produce persisters,
which are representing a fraction of the bacterial population that exhibits tolerance to
antibiotics in response to various stresses (Kubistova et al. 2018). According to the finding of
Peyrusson et al. (2020), S. aureus in the presence of high concentration of various antibiotics
including oxacillin showed a biphasic killing manner, meaning that a bulk of the bacterial
population was susceptible and rapidly killed while a subpopulation with a slower Killing rate
was persisting for a much longer period of time, in addition showing the reversibility of the
phenotype after antibiotic removal. Therefore, another possible explanation of antagonism
between oxacillin and LA/LA-rich palm oils, can be in inducing persister cells of S. aureus in

the presence of high concentrations of tested compounds.

Food-drug interactions are a major threat to safe and effective oral pharmacotherapy and can
result in decreased bioavailability of a drug, which predisposes the patient to treatment
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failure, increases the risk of adverse events, and may even precipitate toxicities (Genser 2008;
Koziolek et al. 2019). For this reason, coadministration of a drug with specific foods is noted
in medical leaflets. Generally, food intake can influence the effectiveness of an antibiotic
(Hodel & Genné 2009). Ingestion of food, dietary fiber, or milk reduces the bioavailability of
most antibiotics, including some penicillins (Schmidt & Dalhoff 2002). For example, minerals
in milk and cheese create complexes with antibiotics that decrease their absorption (Bushra et
al. 2011), and as seen in the case of isoxazolyl penicillins, when administered shortly before
or after a meal, delayed gastric emptying and increased acidity interfere with their absorption
(Marcy & Klein 1970). The consumption of coconut oil and related products is currently
growing among certain populations, for the claimed health benefits associated with
cardiovascular disease and weight loss (Santos et al. 2019). On the other hand,
recommendations of lowering intake of saturated fatty acids and replacing them with
unsaturated fatty acids exist in order to reduce risk of atherosclerosis and type-2 diabetes
(Lenighan et al. 2019; Wu et al. 2020). The average concentration of LA in human serum of
healthy adult male and female blood donors, ages ranging from 18 to 55 years, was found to
be < 10 ug/mL (Sera et al. 1994). It has, however, been proven that higher (14.2 — 140 g/day)
intakes of MCFAs in diet may result in higher concentrations of high density lipoprotein
cholesterol than found with long-chain fatty acids, highlighting the importance of considering
chain length when measuring the effect of dietary saturated fatty acids on lipid profile (Panth
et al. 2018). Moreover, in a high-carbohydrate, high-fat diet, the increases in systolic blood
pressure and diastolic stiffness in the heart were inhibited in mice with diet enriched by virgin
coconut oil, composed predominantly of LA, at concentrations of 200 g/kg (Panchal et al.
2017). Our results showing strong in vitro antagonistic effect of oxacillin with LA or LA-rich
palm oils at concentrations > 1024 pg/mL (meaning approximately > 1.113 g/kg; 1 g/kg of
body mass) suggest that simultaneous administration of these agents can negatively affect
their pharmacological properties. The recommended intake of fats in the diet of men is
estimated to be around 65 g/day (daily energy intake 2 000 kcal with fats representing 30 %
of it) (Lewis 2019). According to FAO (2004), average energy requirement of an adult female
is 2 410 kcal/day and of an adult men is 3 100 kcal/day. Counting daily intake of fats as 30 %
of total energy requirement, the daily intake of fats can be estimated to be 80 g/day for
women and 103 g/day for men. Studies on coconut oil supplementation in diet usually focus
on the addition of the oil in range 20 — 50 g/day (Harris et al. 2017; Khaw et al. 2018;

Korrapati et al. 2019). Nevertheless, there have been reports on even higher daily
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consumption of coconut oil reaching up to 80 g/day (Reiser et al. 1985; Ng et al. 1991; Maki
et al. 2018). Therefore, the observed antagonistic action between LA-rich oils/LA may be
important especially in high-fat diets. Thus, our results showing strong in vitro antagonistic
effect of oxacillin with LA or LA-rich palm oils suggest that simultaneous administration of
these agents in high, but still reachable concentrations can negatively affect their
pharmacological properties in the treatment of S. aureus. The risk of antagonistic interactions
between oxacillin and LA-rich oils might be primarily important to systemic application, as
their antibacterial effect is attributed to fatty acids unleashed from triglycerides only, therefore
the topical application of LA-rich oils such as A. vulgare/C. nucifera/E. guineensis should not
influence the antibacterial activity of oxacillin. But, according to Verallo-Rowell et al. (2008),
5 mL of extra virgin coconut oil applied two times a day on the affected areas that include the
test sites is able to decolonise skin from S. aureus in adults with atopic dermatitis. This
discrepancies between the theoretical background and practice can be debited to the lipolytic
activity of skin microbiota, including staphylococci (Kwaszewska et al. 2014), highlighting
the importance of possible negative effect of LA-rich oils on topical treatment of S. aureus.
Moreover, LA was previously tested in vitro at concentration of 0.24-500 pg/mL to evaluate
its antibacterial properties against various bacteria causing inflammatory acne vulgaris,
including S. aureus, proposing it as an promising remedy in the treatment of staphylococcal
skin infections (Nakatsuji et al. 2009). However, the mentioned tested concentrations of LA
were not high enough for the antagonism with oxacillin to be exerted. Nevertheless, these
hypotheses must be confirmed by further in vitro and in vivo tests and clinical trials because
physiological processes can also induce changes in antibacterial activity of tested compounds.

In summary, this in vitro study revealed a concentration-dependent antagonistic effect
between A. vulgare, C. nucifera, and E. guineensis oils when combined with oxacillin in
higher amounts against various strains of S. aureus. The strongest antagonism was observed
for A. vulgare oil, which contains the highest amount of LA. This compound was identified as
the main agent responsible for antagonistic antistaphylococcal action of all oils assayed. To
the best of our knowledge, this is the first study to report the antagonistic interactions between
these agents. The mechanism underlying the antagonistic action of tested agents probably acts
at the cellular level and is linked to the cell membranes. These findings suggest that
interference between oxacillin and palm oils and their constituents can negatively affect the

treatment of staphylococcal infections in humans and animals. However, these assumptions
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are based on in vitro tests and the negative interactions of the above-mentioned combinations

should be confirmed by in vivo trials.
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9 Souhrnna diskuze

Antibioticka rezistence je proces, béhem n¢hoz mikroorganismy, vetné bakterii, ziskavaji
schopnost odolavat riiznymi zptisoby lokdlnim i globdlnim eradika¢nim postuptim v podobé
antibiotické terapie, ktera je aplikovana také vaci nejvyznamnéj$im puvodcim zoondz a
alimentarnich onemocnéni (viz kapitola 5; Clanek 1: Lalouckova et al. 2019). Koordina¢ni
skupina Spojenych narodd (United nations, UN) pro antimikrobidlni rezistenci (2019)
odhaduje, ze na nasledky onemocnéni zplsobenych rezistentnimi mikroorganismy na svété
multirezistentni tuberkul6zou (bakterie Mycobacterium tuberculosis komplexu), a zaroven
predikuje, ze pocet imrti spojenych s rezistenci k 1é¢ivim by mohl do roku 2050 vzrust
celosvétové az na 10 miliond (2,4 milionu v zemich s vysokymi piijmy), pokud nebudou
pfijata jakakoliv opatieni. Za vice nez 50 let nebyla schvalena ani jedna slouc¢enina s novou
chemickou strukturou ur¢ena k primarnimu pouziti u gramnegativnich bakterii (Kingwell
2018). Stephens et al. (2020) konstatuji, ze i kdyby byla v pfistich 10 letech vyvinuta fada
sloucenin, které se zaméfi na patogeny s nejvyssi prioritou, a bude s nimi nesetrné nakladano,

jako v predchozich dekadach, bude lidstvo stale ohrozovano antimikrobialni rezistenci.

Jako velice vyznamny rezervoar genli bakteridlni rezistence vuci antibiotikiim byla
detekovéna Zivo€i$na produkce, jelikoZ zdrojem Sifeni rezistentnich bakterii mohou byt pfimo
zvitata (Spoor et al. 2013), Zivocisné produkty (Ma et al. 2020), i biologicky odpad, ktery v
prubéhu produkce zivoc¢iSnych komodit vznikd (He et al. 2020). Vyznamné také ptispiva
k rozvoji bakterialni rezistence fakt, ze byla a v nékterych zemim doposud jsou (kriticky
dilezita) antibiotika pouzivana profylakén€ u hospodaiskych zvifat pro sniZeni infekéniho
tlaku a maximalizaci profitu stimulaci ristu a produkce (Van Boeckel et al. 2015; Scott et al.
2019). Z tohoto diivodu, jak je zminéno v kapitole 5 (Clanek 1: Lalouckova et al. 2019),
prijimé celosvétoveé fada statd restrikce v pouzivani antibiotik u hospodatskych zvitat, coz
vede K potiebé hledat nové zdroje latek, jez by piinasely zivocisné produkci podobné
benefity, jako antibiotika (Manafi 2015). Mezi fadou skupin, které jsou navrhovany jako
neantibiotické stimulatory rustu, ¢i jako mechanismy prevence bakterialni kontaminace,
vynikaji organické kyseliny, jez se v praxi bézné vyuzivaji jak v potravinatstvi (Coban 2020),

tak v zivocisné produkci (Hassan et al. 2010).

128



Pro naplnéni cile této prace, a to sice studovat moznosti antibakterialniho ptsobeni vybranych
latek ptirodniho charakteru v kombinaci s antibiotiky na urcité patogenni bakterie pomoci
laboratornich mikrobiologickych metod, byly pravé z davodu praktického vyuziti v praxi
vybrany organické kyseliny, konkrétné¢ zdroje MCFA, kterymi jsou palmové oleje (Yanza et
al. 2020), nebo oleje lisované ze semen nékterych druhi hlazence (Cuphea) (Dierick et al.
2003). Antibakteridlni aktivita volnych MCFA, ¢i jejich monoesterti, vii¢i rozsdhlému spektru
mikroorganismu, piedev§im vSak grampozitivnim bakteriim, byla v minulosti intenzivné
studovana (McGrattan et al. 1976; Era et al. 2015; Sun et al. 2003; Skiivanova et al. 2006).
Mnozstvi informaci o antibakterialnich ucincich jejich primarnich zdroji je vsak velmi
limitované, a proto ve dvou studiich, které jsou soucasti této prace, probehlo jeji hodnoceni.
K naplnéni cile prace doslo po nasledujici ose: 1. ovéfeni antibakterialniho potencialu
hydrolyzovanych oleji bohatych na MCFA vii¢i grampozitivnim patogenim a komenzalnim
bakteriim GIT (Hovorkova et al. 2018); 2. ovéfeni antibakterialniho potencialu $t€pénych
olejii bohatych na MCFA vici grampozitivnim pivodctim bovinnich mastitid (Lalouckova et
al. 2019); 3. zjisténi moznosti kombina¢niho ptisobeni hydrolyzovanych oleji bohatych na
MCFA v kombinaci s komeréné pouzivanymi antibiotitky vuéi standardnim kmentm i

klinickym izolatim S. aureus (Lalouckova et al. 2021).

V pribéhu prvni studie (kapitola 6; Clanek 2: Hovorkova et al. 2018) bylo provedeno
testovani in vitro antibakterialni aktivity celkem osmi druhti pfedevsim palmovych oleji vici
standardnim kmenim 1 klinickym izoldtim komenzalnich bakterii traviciho traktu
(Bifidobacterium animalis, B.longum, Lactobacillus acidophilus, L. fermentum) a
grampozitivnim  pivodcim  alimentarnich  onemocnéni  (Clostridium  perfringens,
Enterococcus cecorum, Listeria monocytogenes a Staphylococcus aureus). Nasledovala druha
studie (kapitola 7; Clanek 3: Lalouckova et al. 2019), jez hodnotila in vitro antibakterialni
aktivitu tfi vybranych palmovych olejli, vii¢i grampozitivnim plvodciim bovinnich mastitid,
jmenovité Staphylococcus aureus, Streptococcus agalactiae, Str. dysgalactiae subsp.
dysgalactiae a Str. uberis. Konkrétné byl v prvni studii zkouman antibakterialni potencial
oleju ziskanych z plodd Astrocaryum murumuru (palma murumuru), Astrocaryum tucuma
(palma tucuma), Attalea speciosa (palma babassu), Cocos nucifera (kokosovnik
otfechoplody), Cuphea lanceolata a Cuphea ignea (hlazenec kopinaty a hlazenec ohnivy;

smés) a Eleaeis geineensis (palma olejna; 3 druhy oleje: palmovy, palmovy cCerveny,
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palmojadrovy). Do druhé studie byl poté s ohledem na dostupnost zafazen pouze kokosovy,

palmojadrovy a tucuma ole;.

Pro potvrzeni prislusnosti ke skupiné oleji bohatych na MCFA byla provedena identifikace
obsahu mastnych kyselin vybranych oleji metodou plynové chromatografie s plamenovym
ionizaénim detektorem, ktera odhalila predominanci LA v palmojadrovém (45,24 %),
kokosovém (41,31 %), babassu (43,98 %), murumuru (46,34 %) a tucuma (53,37 %) oleji;
ptevahu kyseliny kaprinové ve smésném Cuphea oleji (54,04 %); a majoritni zastoupeni
kyseliny palmitové a olejové v palmovém (42,93 % a 40,28 %) a palmovém cerveném
(41,96 % a 40,6 %) oleji, coz z posledné jmenovanych ¢ini oleje s pfevahou LCFA, na rozdil
od ostatnich, které obsahovaly nejvice MCFA. Tato zjisténi jsou obecné ve shodé s Dubois et
al. (2007), ktery zkoumal obsah mastnych kyselin v osmdesati riznych rostlinnych olejich.
Vyjimku tvofi v porovnani s jinymi studiemi (Kleiman 1990, Zentek et al. 2011) detekovany
niz8i obsah kyseliny kaprinové v Cuphea oleji (téméf o 30 %), ktery muze byt pficitan

Klimatickym podminkam a rozdilim v metod¢ extrakce.

V pribéhu prvni studie byl navrzen model in vitro §tépeni testovanych rostlinnych oleju,
jelikoz bylo v literatufe a experimentalné predem ovéteno, ze nenastépené oleje nevykazuji in
vitro antibakterialni aktivitu. Disproporce byla zjisténa pouze u prace Ubgogu et al. (2006),
ktefi pozorovali antibakterialni u¢inky palmojadrového oleje bez jeho predchozi hydrolyzace,
avSak zaroven konstatovali, Ze inhibice byla minimalni, a Ize tudiz ptedpokladat, Ze k ni
mohlo dojit napt. z divodu $patné laboratorni praxe. Zjisténi nutnosti $tépeni olejli pro to, aby
pusobily jako antibakterialni ¢inidla, naopak potvrdily vysledky novéjsich studii Rossato et al.
(2019) a Tangwatcharin & Khopaibool (2012), kteti uvadi, ze tucuma, resp. kokosovy olej
nepotlacuji rist bakterii S. aureus. Analogii vS§ak mize byt vyzkum Dierick et al. (2002), kteti
na zakladé vysledku in vitro screeningu inhibi¢nich téinku kokosového oleje s lipolytickymi
enzymy simulovali Zalude¢ni podminky u selat, a pozorovali jeho schopnost vyznamné

potlacit patogenni stievni mikrobiotu (celkovy pocet anaerobnich mikroorganismi a E. coli).

Stépici proces zahrnoval piipravu olejové emulze rozpusténim piisluiného mnozstvi oleje
v dimethylsulfoxidu s ptidavkem malého mnozstvi Tween 80 (celkova koncentrace
neschopna ovlivnit antibakterialni aktivitu testovanych latek). Tato byla posléze ptidana
vV odpovidajicim mnozstvi k pfislusSnému kultivaénimu médiu (na zaklad¢ testovaného
bakterialniho druhu, viz Hovorkova et al. 2018; Lalouckova et al. 2019), do kterého byla

predem ptidana pankreaticka porcinni lipaza (prvni studie), nebo lipaza z Mucor javanicus
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(druhé studie) v mnozstvi odpovidajicim jejich hydrolytické aktivité. Takto pfipraveny vzorek
byl posléze hodinu inkubovéan pfi soucasné probihajicim tfepani ve vodni lazni o teploté

37 °C.

Stru¢né, k testovani in vitro antibakterialni aktivity byla pouzita mikrodilu¢ni bujonova
metoda standardizovana Institutem pro klinické a laboratorni normy (CLSI 2015), provedena
v 96 jamkové mikrotitracni destiCce, v niz byly vytvofeny dvounasobné fedici fady
ptislusnych nastépenych olejli, a ktera byla posléze inokulovdna testovanymi bakterialnimi
kmeny a inkubovana danou dobu v poZzadované atmosféic a pti doporucené teploté na zaklade
pozadavka mikroorganismu. Evaluace antibakterialnich uc¢inkt testovanych rostlinnych oleja
byla poté provedena spektrofotometricky, kdy na zakladé inhibice bakterialniho ristu byly
stanoveny minimalni inhibi¢ni koncentrace (minimum inhibitory concentration, MIC), jez
pfedstavovaly koncentrace zplsobujici alespoit 80% ubytek bakteridlniho rlstu v porovnani
sbujonem bez testované latky (podrobné&jsi postup v publikovanych studiich). V obou

studiich byla také provedena evaluace bakterialniho rustu na zakladé citlivosti k penicilinu G.

Vybrané hydrolyzované oleje bohaté na MCFA vykazaly velice pozitivni trend, a sice ze byly
efektivni v inhibici bakteridlniho rstu veskerych vybranych patogennich grampozitivnich
bakterii, a zaroven neinhibovaly rdst zdravi prospéSnych kmend rodu Lactobacillus a
Bifidobacterium. Lze pfedpokladat, Zze negativni schopnost inhibovat rust bifidobakterii,
pfestoZze jsou grampozitivnimi bakteriemi, je spojena s absenci ferredoxinového systému u
nékterych kment, kterazto vlastnost udava naprosté vétsin€ obligatnich anaerobil rezistenci
k metronidazolu, a mtze se podilet také na rezistenci vuci dal§im antibakterialnim latkam
(Moubareck et al. 2005). Nizsi aktivita MCFA vuci gramnegativnim bakteriim (Sk¥ivanova et
al. 2006) pak muze byt davana do souvislosti s neprokdzanou inhibici laktobacild §tépenymi

oleji, ktera byla pozorovana v priabéhu prvni provedené studie (Hovorkova et al. 2018).

-----

rostliny Cuphea, ktery inhiboval rist vSech testovanych patogent (jako jediny vcetné
L. monocytogenes) v rozmezi MIC 560-4500 pug/ml, coz odpovida vysledkim studie, kde se
krmeni pfidavkem semen Cuphea do diety selat ukazalo jako efektivni vzhledem k tomu, ze
byla inhibovana patogenni mikrobiota stiev, a zdroven byly zlepSeny jejich morfologické
vlastnosti (Dierick et al. 2003). Kyselina kaprinova, kterd je dominantné zastoupend prave

v tomto oleji, ma silné antibakterialni G¢inky (Batovska et al. 2009) a je pravdépodobnou

-----
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zaznamenany ve druhé studii, kdy byl jeden kmen Str. agalactiae (CCM 6187) inhibovan
Stépenym palmojadrovym olejem v koncentraci 64 ng/ml, druhy kmen (DSM 6784) Stépenym
tucuma olejem v koncentraci 128 pg/ml, stejné jako Str. uberis (DSM 20569) Stépenym

palmojadrovym olejem.

C. perfringens (CIP 105178) inhibovany hydrolyzovanym tucuma olejem v koncentraci
140 pg/ml, coz jsou vSak vyssi hodnoty nez v literatufe zaznamenané MIC volné LA
(Galbraith et al. 1971; Skiivanova et al. 2005). Tato disproporce naznacuje nizsi
antibakterialni aktivitu St€penych oleji v porovnani s volnymi mastnymi Kyselinami,
vyvolanou pravdépodobné neuplnou hydrolyzaci veskerych MCFA v pribéhu stépiciho
procesu, a tudiz nizsi koncentrace volnych MCFA, schopnych inhibovat bakterialni rast.
Nejcitlivéjsimi se s ohledem na mnozstvi oleji, kterymi byly inhibovany v prvni studii,
ukéazaly byt kmeny bakterii E. cecorum a S. aureus, jejichz rlst byl inhibovan vSemi
hydrolyzovanymi oleji bohatymi na MCFA. Citlivgjsi ztéchto druhti byl poté kmen
stafylokoka (ATCC 25923), ktery byl inhibovan S§té€penymi oleji v rozmezi MIC 560—
2250 pg/ml, kdy MIC 560 pg/ml byla pozorovana dokonce u dvou oleji — kokosového a
tucuma; dva kmeny enterokoka byly inhibovany v rozmezi MIC 1130-4500 pg/ml. S. aureus
se naopak prokazal byt méné citlivy v porovnani se streptokoky, kdy v pribéhu in vitro
testovani antibakteridlni aktivity vici grampozitivnim standardnim kmendm zpasobujicim
zanéty vemene ve druhé studii, byl inhibovan pii vysSich koncentracich Stépenych oleji

(2048-8192 pg/ml) v porovnani se 3 riznymi druhy streptokokti (256-2048 pg/ml).

Prokazany antibakteridlni u€¢inek MCFA, uvolnénych z oleji pii $tépeni, viici stafylokokiim a
streptokoktlim je ve shod¢ s vysledky Nair et al. (2005) a Schlievert a Peterson (2012), ktefi
vSak testovali pouze UCinky kyseliny kaprylové, monokaprinu a glycerol monolauratu, tedy
latek s prokazateln€ vysSim inhibi¢nim G€inkem (Tangwatcharin & Khopaibool 2012), a tudiz
pozorovali niz§i MIC. Obecné lze pak predpokladat, ze vySsi citlivost streptokokli
v porovnani se stafylokoky, pozorovand v priabéhu druhé studie, miize byt dana ptitomnosti
exopolysacharidové kapsule na povrchu bun¢k S. aureus, kterda pravdépodobné ptispiva
k omezené schopnosti inkorporace $tépenych oleji, resp. jejich volnych mastnych kyselin do
bunécné stény téchto bakterii, coZ je primdrni mechanismus antibakteridlniho u¢inku MCFA
(Yoon et al. 2017). Divodem, pro¢ byl S. aureus Vv prub¢hu druhé studie inhibovan vyssimi

koncentracemi hydrolyzovanych oleji bohatych na MCFA, nez ve studii prvni, pfestoze
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citlivost k penicilinu G byla nizsi u kmene testovaného praveé v prvni studii, mize byt dan
pravdépodobné omezengjsi schopnosti lipazy z M. javanicus hydrolyzovat triacylglyceroly

vybranych oleji v porovnani s porcinni pankreatickou lipazou.

Rozdily v metodikach Stépeni olejii, dané pouzitim rozdilnych lipolytickych enzymt, byly ve
srovnavanych studiich implementovany s ohledem na zamyslené aplikace testovanych oleju
bohatych na MCFA. Mozné vyuziti antibakteridlni aktivity rostlinnych oleji bohatych na
MCFA in vivo vi¢i grampozitivnim enteropatogentim traviciho traktu (studie 1; Hovorkova et
al. 2018) predpokladd prachod travicim traktem clovéka nebo zvitat, coz ospravedliuje
pouziti porcinni pankreatické lipazy k hydrolyze testovanych oleju in vitro. Oproti tomu
testovani antibakterialni aktivity vybranych olejii vii¢i grampozitivnim ptivodciim bovinnich
mastitid predpoklada jejich topickou aplikaci in vivo, a z toho divodu byla zamérné pouzita
lipaza z M. javanicus, simulujici potencialni lipolyzu testovanych olejii na povrchu kize

Cloveéka a zvirat (studie 2; Lalouckova et al. 2019).

Na zaklad¢ vysledka in vitro antibakterialni aktivity hydrolyzovanych rostlinnych oleju
bohatych na MCFA, prokazanych v prib&hu prvnich dvou studii, byl pro in vitro testovani
interakci, coz byl primarni cil této prace, vybran S. aureus. Divodem byla jeho prokazana
Ze S. aureus je jednim z nejrozsifenéjSich patogent s prokazanou rezistenci k B-laktamovym
antibiotikim, coz znéj Cini celosvétové zavaznou hrozbu (Chambers & DeLeo 2009).
Skutecnost, ze omezeni bakterialni antibiotické rezistence pro 1éCiva, k nimz jiz byla
prokazana, je jednim z cili kombinacéni terapie (Qin et al. 2017), podporuje vybér S. aureus
jakoZzto modelového organismu studia interakci St€penych rostlinnych olejii bohatych na

MCFA.

Vzhledem K testovani citlivosti oxacilinu, jakozto markeru methicilinové resistence S. aureus
(CDC 2019c), byl tento zvolen pro testovani interakci v kombinaci s vybranymi $t€penymi
oleji bohatymi na MCFA, a jejich dominantni mastnou kyselinou (LA) vtci S. aureus ve treti
studii, kterd je soudasti této disertaéni prace (viz kapitola 8; Clanek 4; Lalouckova et al.
2021). Jeho in vitro interak¢ni potencial s volnymi MCFA vuci tfem kmentim S. aureus byl
nejprve ovéfen preliminarnim testovanim kombina¢niho efektu spolu s dal$imi zastupci
hlavnich tfid antibiotik, jmenovité f-laktami (amoxicilin, ampicilin, a oxacilin), tetracyklina
(tetracyklin), glykopeptidii (vancomycin), a aminoglykosidi (gentamicin). Z volnych MCFA

pouze LA vykazovala synergické interakce s gentamicinem vici vybranym kmenim
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S. aureus, avSak tato skutecnost byla v literatufe jiz zaznamenéna (Kitahara et al. 2006), a
proto nebylo jeji dal$i zkouméni zahrnuto do nasledujiciho vyzkumu. Testované interakce
vSech volnych MCFA s tetracyklinem a vankomycinem byly indiferentni, ale B-laktamy,
jmenovité amoxicilin, ampicilin a zejména oxacilin, ukazaly vysledky, které vyzadovaly dalsi
zkoumani, pricemz LA vykédzala v kombinaci s oxacilinem nejsiln€j$i antagonistické

interakce (Lalouckova a Kokoska, nepublikovana data).

Pro ovéteni védecké hypotézy této prace, a sice zda budou vybrané hydrolyzované palmové
oleje bohaté na MCFA a LA v kombinaci s oxacilinem vykazovat modulovanou aktivitu na

zaklad¢ ptisobeni latkovych interakci byl proveden nasledujici experiment.

V pribéhu teti studie (Lalouckova et al. 2021) byly tedy in vitro testovany kombinaéni
ucinky tii Stépenych palmovych olejit (kokosovy, palmojadrovy a tucuma) a oxacilinu vici
ttem vybranym kmenim S. aureus, a LA v kombinaci s oxacilinem vaci deviti kmentim
S.aureus. Do studie bylo celkem zapojeno pét standardnich kmenl vcetné jednoho
methicilin-senzitivniho (MSSA) a ¢tyt MRSA, a ¢tyfi klinické izolaty (dva MSSA a dva
MRSA), poskytnut¢ Fakultni nemocnici v Motole, pfedem analyzované hmotnostni
spektrometrii pomoci laserové desorpce/ionizace za ucasti matrice (MALDI-TOF MS) dle

Rondevaldova et al. (2018).

Nejdiive byly u tii vybranych hydrolyzovanych olejt (pouzito Stépeni porcinni pankreatickou
lipazou), LA, a oxacilinu analyzovany MIC vu¢i vSem deviti kmeniim S. aureus metodou in
vitro, ktera byla pouzita v predchozich studiich (viz vyse). Detekované hodnoty poslouzily
pro stanoveni pocatecnich koncentraci latek pii testovani kombinacniho Gc¢inku. Nejsilnéjsi
antistafylokokovy ucinek, s hodnotami MIC v rozmezi 240-356 pg/ml, byl sledovan u
tucuma oleje, ktery byl nasledovan kokosovym (MIC 241-512 pg/ml) a palmojadrovym
(MIC 427-512 pg/ml). Tyto hodnoty bohuzel neni mozné porovnat se soudobou literaturou,
jelikoz postup in vitro $té€peni rostlinnych oleji exogennimi lipazami, jak je popsan v této
praci, nebyl jinymi autory aplikovan, a jak jiz bylo zminéno vySe, autofi z tohoto divodu
nepozoruji schopnost oleju bohatych na MCFA inhibovat bakterialni rast (Tangwatcharin &
Khopaibool 2012; Rossato et al. 2019). LA vykazala inhibi¢ni G¢inek viuci vSem testovanym
kmeniim S. aureus Vv rozmezi 242—256 pg/ml, coz odpovidd hodnotdm pozorovanym jinymi
autory (Batovska et al. 2009; Nitbani et al. 2016). Je vSak nutno podotknout, Ze napi. Parsons
etal. (2012) a Kelsey et al. (2006) pozorovali moznost inhibice S. aureus jiz pii koncentraci

LA 50 pg/ml, coz naznacuje silnou zavislost na metodice in vitro stanoveni MIC, a ptedevsim
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na zvoleném testovaném kmeni. MIC oxacilinu se pohybovaly v rozmezi 0,53-683 pg/ml,
pfi¢emz jednotlivé hodnoty odpovidaly senzitivité/rezistenci testovaného kmenu S. aureus

k oxacilinu.

Na zakladé stanovenych MIC byl in vitro v 96 jamkovych mikrotitraénich destickach
Sachovnicovou metodou dle Pfirucky o klinickych mikrobiologickych postupech (Leber
2016) stanoven kombinac¢ni u¢inek hydrolyzovaného kokosového, palmojadrového a tucuma
oleje (Stépeni porcinni pankreatickou lipazou, viz vyse) s oxalicinem viéi tfem kmentim
S. aureus (jeden klinicky izolat, jeden sbirkovy kmen MSSA a jeden sbirkovy kmen MRSA).
Stru¢né, po vytvofeni 64 riznych kombinaci koncentraci oxacilinu a pfisluSné testované
latky, rozpusténych v pufrovaném Miiller-Hintonové bujonu, byly mikrotitracni desticky
inokulovany testovanymi bakterialnimi kmeny a inkubovany po dobu 24 hodin pti 37 °C v
termoboxech. Hodnoceni kombina¢niho G¢inku bylo provedeno vypoctem indexi frakénich
inhibi¢nich koncentraci (fractional inhibitory concentration index; FICI) z hodnot
spektrofotometricky stanovenych MIC. Druh interakce byl poté stanoven na zakladé hodnoty
FICI, podle které je mozno rozliSovat synergie (FICI<0,5), indiference (FICI> 0,5-4), a
antagonismy (FIC1>4) (Odds 2003).

Na zaklad¢é vyse popsané metodiky byly pozorovany na koncentraci zavislé antagonistické
interakce (FICI 8,56-4,02) vsSech testovanych hydrolyzovanych oleji v koncentracich
2048 pg/ml, u tucuma oleje dokonce pii koncentraci 1024 pg/ml, pficemz nejvyssi FICI
vykazala kombinace oxacilinu pravé s tucuma olejem v koncentraci 2048 pug/ml. Bohuzel
nelze srovnavat ziskand data, jelikoZ tato studie pfinesla prvni poznatky o interakcich

vysokych koncentracich in vitro stépenych palmovych oleju s oxacilinem vici S. aureus.

Antagonisticky zplsob U¢inku byl pozorovan také pro LA v koncentraci 1024 pg/ml
kombinovanou s oxacilinem (hodnoty FICI 4,01-4,28) u vSech testovanych kment S. aureus,
kdy nejsiln€jSi antagonistickd interakce byla prokdzana pro MRSA sbirkovy kmen. Ostatni
kombinace S$tépenych oleji, nebo LA s oxacilinem testované vuci S.aureus vykazaly
indiferentni vztahy s vyjimkou kombinace LA v koncentraci 32 pg/ml s oxacilinem u jednoho
standardniho kmene MRSA. Ve srovnani s hydrolyzovanymi palmovymi oleji, byly interakce
LA a jejich esterti v kombinaci s mnozstvim latek vii¢i riznym bakterialnim druhtim popsany
Vv literatufe mnohem castéji (Kitahara et al. 2006; Batovska et al. 2009; Tangwatcharin &
Khopaibool 2012; Rosenblatt et al. 2015). Za zminku stoji hlavné studie Kitahara et al.
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(2006), ve které je popsan synergicky u¢inek LA s gentamycinem u S. aureus, a kde autofi
zaznamenavaji indiferentni vztah mezi oxacilinem a LA u S.aureus, pficemz Ilze
predpokladat, ze antagonismus nebyl pozorovan zdivodu testovani LA v nizSich

koncentracich.

Jelikoz neni znam mozZny mechanismus indukce antagonistického ucinku vysokych
koncentraci LA, Stépeného kokosového, palmojadrového a tucuma oleje v kombinaci
s oxacilinem vuci S. aureus, bylo provedeno in vitro testovani ristovych parametra tii kmend
S. aureus Vv riznych koncentracich vySe jmenovanych latek standardizovanou metodou
modelovani rustovych kiivek (CLSI 1999). Ve stru¢nosti, pomoci in vitro mikrodilu¢niho
testovani rastu S.aureus v 96 jamkovych mikrotitratnich destickach se sestupnymi
dvoundsobnymi fedénimi vybranych latek v Miiller-Hintonové bujonu byly zaznamenavany
hodnoty optické denzity métené spektrofotometricky kazdou ptl hodinu po dobu 14 hodin a
posléze po 24 hodinich od inokulace desticek bakteriemi S. aureus. Stondsobné hodnoty
prirozenych logaritmt optickych denzit byly poté vyneseny do grafii a byly sestrojeny rtistové
ktivky. Grafické vyhodnoceni ristu bakterii pak odhalilo snizovani rychlosti ristu a tim tedy i
prodlouzeni genera¢niho intervalu u vSech tii testovanych kment S. aureus v zavislosti na
zvySujici se koncentraci hydrolyzovanych palmovych oleji. Lze konstatovat, Ze pozorované
prodlouzeni generacni doby a sniZeni specifické rychlosti rstu vznikajici se zvySujici se
koncentraci LA a testovanych Stépenych palmovych olejli naznacuji, Ze mozny mechanismus
antagonistickych interakci mezi testovanymi sloueninami a oxacilinem miiZze spocivat v
zastaveni bunécného déleni zpisobeného LA, ¢i Stépenym olejem. Znadmy mechanismus
antagonismu mezi bakteriocidnimi a bakteriostatickymi antibiotiky (Ocampo et al. 2014) tak
muze byt aplikovatelny na antagonismus mezi LA, §t€épenymi palmovymi oleji a oxacilinem,
jelikoz zatimco LA, ¢i zoleji uvolnéné MCFA docasné brani rlstu bakteridlnich bunék,
oxacilin pravdépodobné neni schopen spravné vykonavat svou antibakterialni ¢innost, jelikoZ

je aktivni pouze u délicich se bakterialnich bunék.

Dal8i moznostmi indukce antagonismu mezi LA, $tépenymi palmovymi oleji a oxacilinem

jsou diskutovany ve treti studii této prace (Lalouckova et al. 2021) a zahrnuji (i) alteraci PBP

vV membranach bakterii vyvolanou zménou membranového potencidlu na zaklad€ pisobeni

MCFA (Yoon et al. 2015), zplsobujici nemoZnost pfipoutani oxacilinu k vazebnému mistu

(Papich 2007); (ii) destabilizaci proteinii bunééné membrany v disledku snizeni jeji fluidity

omezenim pohybu elektronovych pienasecu pii ptitomnosti MCFA (Desbois & Smith 2010),
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vedoucim ke zméné pH a srazeni PBP (Roch et al. 2019), ¢imz jsou deaktivovana vazebna
mista pro oxacilin; (iii) inaktivaci oxacilinu zménou pH prostfedi vyvolanou poSkozenim
membranového elektronového transportu, zptisobujici destabilizaci oxacilinu v kyselém
prostiedi (Rad et al. 2011); a (iv) pfitomnost perzistentnich (nedélicich se) bunék, na néz

oxacilin nepusobi (Peyrusson et al. 2020).

Pozorované interakce tedy naznacuji, ze soucasna koadministrace vysokych davek LA, ¢i
hydrolyzovanych palmovych oleji bohatych na MCFA mlze negativné¢ ovlivnit
farmakologické G¢inky oxacilinu. Limitace tieti studie, publikované v ramci této prace, tkvi
predevSim v tom, Ze pozorovany antagonismus byl indukovén az pii koncentracich LA a
Stépenych palmovych olejii odpovidajicich ptijmu 1 g/kg télesné hmoty. Tato skutecnost vsak
nemusi omezovat prakticky dopad této prace, jelikoz doporucovany denni piijem tukii je 65 g
(Lewis 2019), pti¢emz na zakladé doporuceni FAO (2004) je dokonce mozné piedpokladat,
ze denni pfijem tuk u Zen muze Cinit kolem 80 g a u muzi dokonce pies 100 g denn¢.
Tvrzeni moZnosti dosdhnout dostatecného piijmu MCFA, ¢i Stépeného palmového oleje, ktery
by byl v kombinaci s oxacilinem schopny indukovat nezadouci antagonistické reakce,
podporuji také studie zkoumajici efekt vysokolipidovych diet, pii nichz pfijem kokosového

oleje dosahuje az 80 g/den (Reiser et al. 1985; Ng et al. 1991; Maki et al. 2018).

Nelze také opomenout fakt, Zze kokosovy olej je béznou soucasti ptipravki slouzicich pro
topické oSetteni, pfestoze tato prace potvrzuje, Ze je nutné oleje nastépit, aby se projevily
jejich antibakterialni i¢inky a tim i mozné interakce. St&peni palmovych olejii miize byt totiz
uskutecnéno prostiednictvim lipolytickych enzymii bakterii pfitomnych na povrchu téla
(Kwaszewska et al. 2014), jelikoz byl prokazan antibakterialni G¢inek kokosového oleje i LA
vaci S. aureus pii 1é¢bé koznich onemocnéni (Verallo-Rowell et al. 2008; Nakatsuji et al.
2009).
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10 Doporuceni pro dalsi vyzkum

Vzhledem Kk problémim, kterym je lidstvo v soucasnosti vystaveno nejen v dasledku
bakteriim rezistentnim na antibiotika, ale i v disledku jinych infek¢nich agens, je celosvétove
vyvoj t¢innych 1é¢iv jednim z kliCovych stfedobodd zajmu vyzkumnych instituci zaméfenych
na antiinfektivni latky, ¢i farmacii. Moznost vyuziti riiznych latek, jako jsou napt. obsolentni,
malo u¢inna, ¢i do urCité miry toxicka 1é¢iva, které vykazuji potencial byt zapojeny
do kombinacni terapie S pozitivnimi vysledky na zdravi lidi i zvifat, je jednou z cest, jak se

postavit hrozbé¢, které v tuto chvili ¢elime.

V kontextu této prace je jednoznatnym smérem, kterym by se meél ubirat dal§i vyzkum
popsaného antagonistické pisobeni MCFA, resp. oleji bohatych na MCFA a oxacilinu,
studium mechanismu této interakce. Bylo by vhodné popsat, jakym zplisobem se méni pH
extra a intracelularniho prostoru bunky S. aureus pii soucasném oSetfeni latkami, které
indukuji antagonismus. K tomu by mohlo byt vyuzito méfeni sodno-draselného potencialu
pomoci piisluSnych detekénich postuptli, na zakladé kterych by bylo zjisténo, zda nedochazi
Kk poruse acidobazické rovnovahy, ktera by naruSila integritu bunéné membrany. Dale by
bylo vhodné vyuzit elektronové mikroskopie pro zobrazeni ptipadnych morfologickych zmén,
pokud knim dochézi, pfi vystaveni bakterii latkdm indukujicim rezistenci, ¢imz by se
objasnilo, zda jsou poSkozovany urcité ¢asti buiiky, ¢i bakteridlni bunééné membrany. Dalsi
moznosti je ovéfeni antibiotiky indukované tvorby perzistentnich populaci za pomoci barveni

propidium jodidem a oxidacné citlivym barvivem pro tftidénim bunék.

Nasledné by mélo byt také ovéteno, zda nedochéazi k antagonistickym interakcim také viici
jinym, predevS§im grampozitivnim, bakteriim, a jestli je pfipadné tato interakce vyznamna

z medicinského hlediska, ¢i jestli by mohla mit medicinsky dopad.

V neposledni fadé by také mélo dojit k ovéfeni pozorované interakce in vivo experimentalné
na zvifatech infikovanych kmeny S. aureus, protoze neni jasné, zda detoxikacni procesy
organismu, ¢i prosté trdveni neomezi negativni dopady koadministraci oxacilinu a napft.

kokosového oleje.
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11 Doporuceni pro praxi

Ptestoze byly popsany praktické dopady na zdravi ¢lovéka i zvifat ptimo Vv souhrnné diskuzi
této prace, mezi néz patfi mozné selhani 1écby antistafylokokové 1écby ve spojeni
s vysokolipidovou dietou (napt. ketodieta), dal$i z moznosti, jak pfedchézet nezadoucim
interakcim mezi potravou a léCivy, by mohlo byt vypracovani voln¢ dostupné databaze
interakci 1é¢iv s potravou a jinymi latkami (idealné s oporou V legislativeé), kam by vyrobci
zadéavali (povinn¢) informace o pfipadném kombina¢nim ucinku registrovanych 1é¢iv, které
by mohli (museli) byt aktualizovatelné bud’ pravé vyrobcem, nebo organy ochrany vetejného
zdravi. Pfi zpracovavani této prace, resp. pii sepisovani rukopisu Clanku 4 (Lalouckova et al.
2021), byla totiz jednim z velkych limith pravé nemoznost ovéfeni, zda je znamo, jakym
zpusobem oxacilin interaguje s potravou, ¢i zda jsou znamé jeho interakce s jinymi latkami.
Prestoze statni ustav pro kontrolu 1é¢iv i ustav pro kontrolu veterindrnich biopreparati a 1éCiv
zvetejiiuje piibalové letaky 1é¢iv, tyto informace v nich nelze nalézt a volné dostupna
databaze bez placeného pfistupu neexistuje, a ve vétsin¢ ptipadd se omezuje pouze na
interakce mezi 1é¢ivy. Neni tedy mozné si bez konzultace s odbornikem ovétit, zda se napft.
uzivany vitaminovy dopn¢k, ¢i dopln€k na bazi fytochemikalii, ktery je volné prodejny,
negativné neovliviluji navzajem, ¢i zda jejich Gcinky nejsou ovliviiovany (specifickou) dietou.
Piestoze statni ustav pro kontrolu 1é€iv nabizi vefejnosti mozZnost polozit dotaz ohledné 1é€iv,
byla by celistva databaze jednodus$im prostftedkem pro piedev§im laickou vefejnost.
Podklady do Clanku 4 o interakcich se nakonec podafilo ziskat zaslanim dotazu do lékového
informac¢niho centra farmaceutické fakulty Karlovy univerzity v Hradci Kralové, které vSak
poskytuje informace vyhradné zdravotnickym pracovnikim, a proto je pro vefejnost

nevyuzitelna.
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12 Zavér

Antibiotické latky jsou dulezitym prosttedkem v boji S patogeny zpusobujicimi jak
zoonoticka, tak alimentarni onemocnéni. Néktetfi piivodci téchto nemoci se V pritbéhu kratké
doby, kdy jsou antibiotika masov¢ vyuzivana v huménni 1 veterinarni mediciné a Zivoc¢isné
produkci, dokazali diky selekénimu tlaku piizpusobit, a nabyli na zaklad¢ akvizice gend, ¢i
mobilnich genetickych elementi schopnost vyuzivat rizné mechanismy, zabranujici u¢inku
antibiotik. Onemocnéni jako listeridza, pneumonie, kampylobakterova enteritida, mastitida, ¢i
infek¢ni endokarditida jsou zavazna, leckdy az zivot ohrozujici onemocnéni, kterd nejen, ze
stoji ro¢né tisice lidskych zivotl, ale jsou také velkou finanéni zatézi pro ekonomiky jak
rozvinutych, tak rozvojovych zemi. Implementace legislativnich krokli omezujicich spotiebu
antibiotik v zeméd¢lstvi, i vyzvy pro omezeni spotieby antibiotik jak v humanni, tak
veterindrni medicin€, jsou béznou soucasti celosvétovych plani pro zmirnéni dopada

bakterialni antibiotické rezistence.

Z vyse uvedenych divodl je nutnost hledat zastupné ptistupy k potlaceni odolnosti bakterii
vici antibiotikim, jako jsou napf. B-laktamy, velice dulezitym a aktualnim vyzkumnym
tématem. Jednou z moznosti, kterymi Ize antibiotika, pfedevsim v zeméd¢€lstvi nahradit, jsou i
mastné kyseliny se stfedni délkou fetézce, které diky svym antibakteridlnim vlastnostem
nachazeji uplatnéni 1 v potravinafstvi. Tyto latky, predstavujici hlavni slozku nékterych
rostlinnych oleju, jako jsou kokosovy, palmojadrovy, ¢i olej ze semen hlazence, po in vitro
Stépeni exogennimi lipazami, které bylo navrZzeno pro tuto praci, vykazaly antibakterialni
aktivitu (MIC 64-4500 pg/ml v zavislosti na testovaném druhu a kmeni) vici Sirokému
spektru grampozitivnich plivodct alimentarnich onemocnéni a zoondz (napt. Entrerococcus,
Listeria, Staphylococcus, Streptococcus), pfi¢emz nebyl prokazan negativni vliv na traveni
prospésné mikroorganismy (Bifidobacterium, Lactobacillus). Nasledné byla ovéfena moznost
kombinaéni aplikace hydrolyzovaného kokosového, palmojadrového, nebo tucamu oleje
v kombinaci s oxacilinem, jakozto markerem methicilinové rezistence, k potlaceni ristu
bakterii S. aureus. Tento vyzkum prokazal zavazny antagonisticky vztah mezi §tépenymi oleji
(= 1024 pg/ml), ¢i jejich hlavni mastnou kyselinou (kyselina laurovd) a oxacilinem viici
testovanému vzorku bakteridlnich kmend S. aureus, vcetné rezistentnich zastupci a

klinickych izolath.
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Cile prace zahrnujici studium moznych kombinacnich ucinkti vybranych pfirodnich latek a
antibiotik byly splnény. Do experimentli ovéfujicich kombinacni Uc€inek byly zatazeny
patogenni kmeny, a do experimentli studujicich antibakterialni Gc¢inek 1 komenzalni druhy
bakterii. Pro ovéfeni hypotézy, ktera byla potvrzena, jelikoz kombinace $t€penych palmovych
oleji nebo kyseliny laurové v kombinaci s oxacilinem vykazala modulovanou aktivitu

Vv kontextu antagonistickych interakci, byly vyuzity in vitro mikrodilu¢ni laboratorni metody.

Je nutno konstatovat, ze in vitro pozorované kombinaéni i¢inky mohou mit dopad na zdravi
lidi 1 zvifat, jelikoz muze dojit k negativhimu ovlivnéni antistafylokokové 1écby pfi
soucasném piijmu vysookolipidové diety s majoritnim zastoupenim stiedné¢ dlouhych
mastnych kyselin. Mechanismus vzniku této interakce je pravdépodobné zalozen na
nezddoucim vlivu bakteriostaticky pusobicich stfedné dlouhych mastnych kyselin na
baktericidni oxacilin, ktery nemuze uplatnit sviij Gcinek, pokud dojde k zastaveni
bakteridlniho déleni prave prostfednictvim stfedn€ dlouhych mastnych kyselin. K ovéfeni této
teorie je vSak zapotiebi dalsich in vitro i in vivo testi. Piesto je zavérem této prace doporuceni
k omezeni pfijmu vysokého mnozstvi stiedné dlouhych nasycenych tukt v dieté pti soucasné

medikaci B-laktamt pro 1écbu stafylokokovych onemocnéni.
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