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1. ABSTRAKT

Tato reserse byla vytvorena s cilem poskytnout prehled soucasného vyzkumu antimikrobidlnich vlastnosti
Hypericum perforatum L., ktery jsme shromaZdili v EkoRTN pfi praci na pripravku Floristen. Plvodni léCivy
pfipravek Floristen byl jednim z vysledkl prace tymu RTN pod vedenim RNDr. PhMr. Bohumira RakusSana ve
farmaceutické tovdrné Eko. Tym RTN se zaméroval na rostlinné a Zivocisné extrakty a jejich vyuziti pri |écbé
chronickych degenerativnich chorob a Floristen, ktery vyrabél v byvalém Ceskoslovensku od 60. let narodni
podnik SPOFA, se uzival zejména u chronickych gynekologickych zanéta.

Vysledky analytického hodnoceni preparatu nebyly vidy konzistentni a diky pokroku v analytické chemii lze
dojit k zavéru, Ze tyto nekonzistence byly s nejvétsi pravdépodobnosti zplsobeny nestabilitou hlavnich
bioaktivnich sloZzek. Kromé toho tento pfehled shrnuje historii Trezalky teckované, bioaktivni slozky a budouci
cile vyzkumu. Radi bychom jim podpofili dalsi zadjem o tuto |écivou bylinu.

Hypericum perforatum L. je hojné pouZivana bylina v lidové a botanické mediciné. V poslednich nékolika
desetiletich si ziskala velkou pozornost verejnosti pro své antidepresivni, antimikrobialni, protizanétlivé,
antioxidacni a hojivé vlastnosti. Diky fyzikdlnim vlastnostem jejich sekundarnich metabolitd je mozné ji
kombinovat s modernimi [é¢ebnymi metodami, jako je napfiklad fotodynamicka terapie. Extrakty z této byliny
je také mozné inkorporovat do polyurethanovych materidla ¢i hojivych obvazl, kde najdou uplatnéni jeji
hojivé a antimikrobidlni vlastnosti. Vznikly tak nové typy obvazl naptiklad na rany pro diabetiky. Tento
dokument uvadi také nékteré z nejnovéjsich objev(, jako je inhibice hlavni protedzy COVID-19 hypericinem,
silnd aktivita proti nékolika multirezistentnim kmendm bakterii nebo eradikace ordlnich biofilm( ve
stomatologii.

Je tfeba provést dalsi vyzkum k implementaci téchto zjisténi do kazdodenni klinické praxe. Dikazy naznaduji
nebo dokonce jasné uvadéji potencial Hypericum perforatum v lécbé lehcich zdravotnich problémd, stfedné
tézkych depresi, stejné jako zavaznych infekci nebo nékterych typl rakoviny.

POUZITE ZKRATKY

HP (Hypericum perforatum L.)

PDT (Photodynamic Therapy / Fotodynamicka terapie

aPDT (Antimicrobial photodynamic therapy/ Antimikrobialni fotodynamicka terapie)
HypPDT (Hypericin Photodynamic Therapy/ Hypericinova fotodynamicka terapie)

SSRI (Selective Serotonin Reuptake Inhibitors/ Inhibitory zpétného vychytavani serotoninu)
MIC (Minimum Inhibitory Concentration/ Minimalni inhibi¢ni koncentrace)

MFC (Minimum Fungicidal Concentration/ Minimalni fungicidni koncentrace

MBIC (Minimum Biofilm Inhibitory Concentration/ Minimalni inhibi¢ni dévka pro biofilmy)

HYP (Hypericin)
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2. Uvop

POPIS A HISTORIE

Hypericum perforatum L., také znama jako Trezalka teckovana, je s nejvétsi pravdépodobnosti nejvice
studovanou bylinou vSech dob. Je to kefovita vytrvald rostlina z celedi Hypericaceae, s mnoha Zlutymi
kvéty. Obvykle roste na suchych a stérkovych pldach, polich a slunnych mistech. Rod Hypericum se
nachazi v mnoha ¢asti svéta, jako je Evropa, Asie nebo Spojené stéty. (Bongiorno, 2020a)

Obsahuje mnoho bioaktivnich sloudenin, vcetné naftodianthronl (hypericin, pseudo hypericin),
floroglucinolt (hyperforin, adhyperforin), flavonoidd (kvercetin, rutin, kempferol, xanthon) a nékolik
dalsich méné koncentrovanych sloucenin.

Trezalka se v lidovém lécitelstvi pouZiva jiz od starovékého Recka, kde ji Dioscorides, Plinius nebo
Hippokrates pouzivali k 1é¢bé mnoha nemoci. Jeji latinsky ndzev je odvozen z fectiny a znamena ,nad
zjevenim®, coz odkazuje na viru, Ze bylina byla tak nepfijemna pro zlé duchy, Ze by je odehnal jen jeji zavan
(Bongiorno, 2020b; Grieve, 1931; Xiao et al., 2018) , coZ je pravdépodobné odkaz na jeji vyznamné
antidepresivni vlastnosti.

V minulém stoleti se v Ceské republice pouzival specificky extrakt z HP Floristen k dlouhodobému hojeni
zanétl, zejména u Zen. O tomto extraktu se tvrdilo, Ze ma hojivy ucinek na délozni infekce. (Lédr et al.,
1959; Rakusan et al., 1954)

V soucasné dobé vyrazné stoupd zajem o tuto bylinu a védu o botanické mediciné obecné. Napfiklad v
Némecku mohou byt rostlinné produkty prodavany jako léky a dokonce hrazeny pojistovnou, pokud je
predepiSe |ékat. (Bongiorno, 2020b)

TYPY BIOLOGICKE AKTIVITY

Trezalka teckovana ma Siroké spektrum biologické aktivity. Prvné stoji za zminku jeji antioxidac¢ni aktivita,
kterd byla potvrzena in vitro. (Hunt et al., 2001) Antioxidacni ucinek je zavisly na davce, pricemz
koncentrace mezi 1-50 ug/ml maji schopnost inhibovat peroxidaci lipidl v mitochondriich mozkové kiry
potkana a 1-100 ug/ml zvysuji miru preziti bunék feochromocytomu pfi vystaveni reaktivnim formam
kysliku (ROS). (Benedi et al., 2004) Tuto vysokou antioxidacni aktivitu maji na svédomi flavonoidy, které
tvori 10 % celkového objemu extraktu. (Sagratini et al., 2008)

Pfi pouZiti HP extrakt( je pfitomna take vyznamnd protizanétlivd aktivita. Tato konkrétni aktivita byla
zkoumdna na modelu mysiho ucha s lipofilnim extraktem HP obsahujicim 27 % hyperforinu a 5 %
adhyperforinu a dalsi izolované slouceniny. Lipofilni extrakt byl oproti ostatnim extraktlim nejlispésnéjsi ve
sniZzeni otoku a zanétu; proto je hyperforin povaZzovan za zakladni protizanétlivou slozku HP. (Sosa a kol.,
2007)

Pokud jde o hojivé vlastnosti této byliny, tak pouziti olejového extraktu HP v kombinaci s etanolovym
extraktem muzZe zkratit dobu uzavieni rany aZ o 50% ve srovnani s kontrolni skupinou. (Cobanoglu a
Sendir, 2020; Lavagna a kol., 2001; Suntar a kol., 2010)

Znacna antimikrobidlni aktivita je zndma proti grampozitivnim a gramnegativnim bakteriim, virdm a

houbam. Antibakteridlni latky byly identifikovdny jako hypericin a hyperforin. (Cecchini et al., 2007) V
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pripadé bakterii ma prokazanou aktivitu proti Staphylococcus aureus, Helicobacter pylori, Escherichia coli
a dalsim. (viz kapitola 4)

Pfesto je tfezalka teckovand nejvice zndma pro své antidepresivni vlastnosti a k tomuto ucelu se pouziva jiz
od starovékého Recka. (Bongiorno, 2020b) Tvrdilo se, 7e pouZiti ethanolového extraktu HP Floristen
zlepSuje kognitivni funkce u pacientl, ktefi trpéli demenci v dusledku arteriosklerotického incidentu.
(Pavlovsky et al., 1979)

Jeji antidepresivni aktivita je dokonce tak vyznacna, Ze je srovnatelna s nejcastéji pouzivanym SSRI
antidepresivem sertralinem v |éCbé mirné az stfedné tézké deprese. V |écbé vSak pusobi daleko méné
vedlejsich Gcinkl nez sertraline. (Brenner et al., 2000) JelikoZ vedlejsi ucinky jsou nejc¢astéjSim divodem
pro vysazeni léCby u pacient(l IéCenych pro depresi, HP extrakt je slibnou alternativni Ié¢bou. (Ng a kol.,
2017)

3. BIOLOGICKY AKTIVNIi LATKY

Ackoli pozdéjsi studie ukdzaly, Ze jeho ucinek neni klinicky nejvyznamnéjsi (viz nize), hypericin se bézné
pouziva ke standardizaci extraktl HP. Celkové mnozstvi hypericin( tvori obvykle asi 0,3 % hydroalkoholovych
extraktd.

Hyperforin se v posledni dobé stava stfedem pozornosti, i kdyz byl zprvu opomijen pro svou nestabilitu pfi
vystaveni UV zareni. (Erdelmeier, 1998). Bylo prokazano, Ze asi 1-5% hyperforinu mlze byt zachovano v HP
extraktech. Extrakt z HP musi byt vhodné skladovan a pak mlzZe vydrzet po dlouhou dobu. (Chatterjee et al.,
1998a, 1998b) Je zésadni, aby byly vzaty v Gvahu podminky suseni a skladovani HP extrakt(. V zavislosti na
téchto podminkach se mlze obsah hyperforinu v komercénich pripravcich extraktd HP lisit. (Erdelmeier, 1998).
Tuto skutecnost je tfeba vzit v Gvahu pfi hodnoceni klinickych a preklinickych studii, které pouZivaji razné
vstupni materialy. Hlavnim problémem je, Ze skutecna koncentrace v pouzitych extraktech, olejich nebo
mastech HP muZe byt zcela odlisna, coZz by mohlo mit efekt na vysledky téchto studii. (Guilhermano et al.,
2003) Napriklad pfi poufZiti Floristenu se vysledky v pribéhu vyzkumu vyrazné lisily, (Lédr et al., 1959;
Pavlovsky et al., 1979; Rakusan et al., 1954) coz chybéjici znalosti o jeho nestabilité mohly zpUsobit.

NAFTODIANTRONY

HYPERICIN

Hypericin (4, 5, 7, 4', 5', 7'-hexahydroxy-2', 2’-dimethyl-mes-o-naftodianthron - Obr. 1) je pfirodni,
rigidni, vicekruhovd aromatickd chinonova sloucenina vyskytujici se u rdznych divokych nebo
péstovanych druhl rodu Hypericum (Knox a Dodge, 1985), hmyzu a prvoka.

Tmavé Cervené skvrny hypericinu se nachazeji ve specializované drobné zlaze, rozmisténé po vzdusnych
Castech rostliny. Obsah hypericinu je proménlivy a zavisi na ¢asti rostliny, jejim ontogenetickém stadiu a
ro¢nim obdobi. (Cellarova a kol., 1994)

Hypericin Ize také nalézt v klzZi australského hmyzu Lac z ¢eledi Coccoidea a modrozeleného nélevnika
zvaného Stentor coerulus, co? je druh prvoka. (Banks a kol., 1976)

Buchnerova skupina poprvé izolovala hypericin v roce 1830 (Buchner A., n. d.) a jeho struktura byla
urcena asi o stoleti pozdéji, v roce 1953 Brockmannem a Sannem. (Brockmann HH a Sanne W., 1953)
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Hypericin je velmi lipofilni povahy, ma molekulovou hmotnost 504 g/mol. Je rozpustny v nepolarnich
organickych rozpoustédlech, vodnych roztocich a oleji. Absorpcni pasy hypericinu UV jsou na 591 a 510
nm. (Huang a kol., 2014)

Existuji rdzné metody pro analyzu hypericinu, vcetné ultrafialové spektroskopie (UV-VIS),
chemiluminiscen¢ni pritokové injekéni analyzy (CL-FIA), tenkovrstevné chromatografie (TLC) a
vysokoucinné kapalinové chromatografie (HPLC), coz je nejpouzivanéjsi metoda pro analyzu hypericinu.
(zhang a kol., 2022)

Nejbéznéjsi metodou extrakce je extrakce rozpoustédlem, za pouZiti methanolu, ethanolu a poldrnich
alkoholll. Enzymaticka extrakce miiZe byt pouZita pro vyssi vytéZzek a extrakce za pomoci mikrovinné
trouby pro kratsi dobu extrakce. (Zhang a kol., 2022)

Obr. 1 struktura Hypericinu

FLOROGLUCINOLY

HYPERFORIN

Hyperforin je bicyklicky polyprenylovany derivat acylfloroglucinolu (Obr. 2), ktery vykazuje
antidepresivni aktivitu, antibiotickou aktivitu proti grampozitivnim bakteriim a protinddorovou aktivitu
in vivo. Hromadi se predevsim v pesticich a plodech, coZ ma pravdépodobné obrannou funkci.
(Beerhues, 2006)

V roce 1971 ruska védecka skupina navrhla, Zze by v HP mélo byt obsaZeno antibiotikum, a pojmenovali
jej hyperforin. (Gurevich et al., 1971) Hyperforin byl poprvé izolovan a strukturalné popsan v roce 1975
Bystrovem a jeho spolupracovniky. (Bystrov et al., 1975)

Pri vystaveni svétlu nebo kysliku je malo stabilni; proto byl dlouho opomijen jako farmaceuticky
relevantni slozka tfezalky teckované. (Chatterjee et al., 1998b) Vétsina komeréné pfipravenych extraktd
z Hypericum perforatum obsahuje asi 1-5 % hyperforinu. (F. Lang a kol., 2002)

Hypericum perforatum byla povaZovana za jediny druh v rodu Hypericum, ktery obsahuje hyperforin
jako kvantitativné vyznamnou slozku. (Smelcerovic a Spiteller, 2006; Umek et al., 1999) Smelcerovic a
Spiteller vsak nasli vice druh@ (H. barbatum, H. richer, H. rumeliacum, H. maculatum, H. tetrapterum,
H. hirsutum, H. linarioides , H. olympicum) obsahujici hyperforin, i kdyZz v nizsSich koncentracich.
Nejvyssi koncentrace hyperforinu u H. perforatum byla zaznamenana v kvétech a plodech. Obsah
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hyperforinu se méni v zavislosti na ontogenezi rostliny; napfiklad u mladych pupen( je to 2,5 %, ale u
nezralych plodu je to 8,5 %. (Tekel’'ova et al., 2000)

Obr. 2 struktura Hyperforinu

FLAVONOIDY

Flavonoidy (obr. 3) jsou skupinou sekundarnich rostlinnych metabolitd s chemickou strukturou
fenylbenzopyranu. (Grotewold, 2006) Obecna chemicka struktura obsahuje C15 spojenou kostru nebo
chromanovy kruh, ktery zase nese aromaticky kruh na C-2, C-3 nebo C-4. Heterocyklicky benzopyranovy
kruh je znam jako ,,C“ kruh, kondenzovany aromaticky kruh jako , A“ kruh a fenylova slozka jako ,,B“ kruh.
(Hemingway, 1998)

FLAVONOLY A FLAVAN-3-0OLY

Hypericum perforatum je velmi bohata na flavonoly, o kterych se predpoklada, Ze hraji dalezitou roli
jako koefektory pro zlepseni farmaceutické funkce hypericinu. (Jirgenliemk a Nahrstedt, 2002)
Pritomné flavonoly jsou glykosidy nebo kvercetin. (Tatsis et al., 2007) Specifickymi slouceninami jsou
kvercetin-3-O-rutinosid (rutin), myricitrin, kvercetin-3-O-galaktosid (hyperosid), kvercetin-3-O-glukosid
(isokvercitrin) a kvercetrin. (obr. 3)

Bylo zjisténo, Ze myricitrin, kvercetin, kempferol a apigenin maji inhibi¢ni G¢inek na aktivitu EROD v
burikach rakoviny prostaty. (Chaudhary a Willett, 2006)

Siroce studované flavan-3-oly nalezené v HP jsou katechiny, o kterych bylo hldeno, 7e maji
antioxidacni, antikarcinogenni, kardiopreventivni, antimikrobidlni, antivirové a neuroprotektivni Ucinky.
(Aron a Kennedy, 2008)

BIFLAVONOIDY

Biflavonoidy jsou v rostlindach velmi bézné, protoZze maji ochrannou aktivitu proti UV zafeni,
predatordm, hmyzu a houbam. (Gontijo 2017) Dva biflavonoidy detekované u HP jsou biapigenin a
amentoflavon (Chaudhary a Willett, 2006). MnoiZstvi biapigeninu je asi desetkrat vyssi neZz u
amentoflavonu. (Napoli et al., 2018) Amentoflavon vSak vykazoval vyznamny antidepresivni Ucinek. (Yu
a kol., 2017)
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FENOLOVE KYSELINY

Hypericum perforatum obsahuje nejvyssi mnozZstvi fenolovych kyselin mezi druhy Hypericum. (Hazler
Pilepic et al., 2013) Nejvice zjisténymi skoficovymi kyselinami v analytickych studiich byly kyselina 3-O-
kafeoylchinova, kyselina p-kumaroilchinova, kyselina 5-O-kafeoylchinova (kyselina chlorogenovd) a
kyselina p-kumarova. (Napoli et al., 2018)

Flavone Myricetin Quercetin

- o
H

H H H _H

S0 o

H
o
H
Kaempferol Apigenin

H

Quercitrin Isoquercitrin Rutin
Obr. 3 - Chemické struktury flavonoid( zjisténych v HP
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4. ANTIBAKTERIALNi VLASTNOSTI

Je jiz dlouho znamo, Ze za antibakterialni vlastnosti HP je odpovédny predevsim hyperforin (Gurevich et al.,
1971). Existuji také jednotlivé zprdvy o ucinné lécbé bakteridlnich koZnich infekci mastmi obsahujicimi
hypericin pfimo souvisejici se soucasnym ucinkem slunecniho zareni. To podporuje soucasné pouziti
hypericinu v antimikrobialni fotodynamické terapii (aPDT), kde vykazuje silné antibakteridlni vlastnosti.
(Plenagl et al.,, 2019) Neuwald a Hagenstrom zkoumali Trezalku teckovanou a zjistili, Ze petroletherové a
acetonové extrakty z kvetoucich bylin a suchych plodd pulsobi proti Staphylococcus aureus. Neznali presné
antibakterialni ¢inidlo, ale uz védéli, Ze nesouvisi s esencidlnimi oleji, opalovacimi latkami nebo hypericinem.
(Neuwald F. a Hagenstrom U., 1954) Gained a Ganjoo pozdéji potvrdili tyto vysledky. (Gained KN a Ganjoo TN,
1959)

Acetonovy extrakt z HP, ktery se nazyvd Novoimanin ma dlouhou historii Iécby bakterialnich infekci v Rusku.
Rusti védci také urcili hyperforin jako antibakterialni slozku. Zjistili vSak také, Zze hyperforin je Ucinny proti
bakteriim G+, ale méné Ucinny proti bakteriim G-. (Derbentseva N.A. a Robinovich A.S., 1968)

V roce 1999 Schempp poprvé uved! Ucinnost hyperforinu proti meticilin a penicilin-rezistentnim kmendm
Staphylococcus aureus s hodnotou MIC 1,0 ug/ml. (Schempp et al., 1999). Takovou aktivitu potvrdili v roce
2013 Schiavone et al., kde testovali sll hyperforinu a jeji hydrogenovany derivat proti mnoha kmenim MRSA
spolu s antibiotikem Norfloxacin. Hodnoty MIC (Minimum Inhibitory Concentration) namérené v suspenzi se
pohybovaly od 0,5 ug/ml — 4 ug/ml, kde hydrogenace hyperforinu zplsobila pouze mirné zvyseni této
hodnoty. Dale mérili MBIC (Minimum Biofilm Inhibitory Concentration), kterd ukdazala, Ze hydrogenovana
sloucenina je Ucinnéjsi proti planktonickym a biofilmovym kulturam. Tato skutecnost je prekvapiva vzhledem
k rozdilné chemické strukture a reaktivité téchto dvou sloucenin. Tento vysledek mlze byt zplsoben
skutecnosti, ze hydrogenovany hyperforin byl stabilnéjsi v okyslicenych podminkach. (Schiavone et al., 2013)
V |ékafském, potravinarském a textilnim primyslu je hromadéni mikrob( v pouzitych materidlech béznym
problémem a muzZe vést k vaZznym onemocnénim, infekcim a dal$im nekontrolovatelnym problémim. Mnoho
materidld pouZivanych v uvedenych primyslovych odvétvich ma povrchy citlivé na mikroorganismy a dochazi
tak k jejich kolonizaci a tvorbé biofilmd. (Nazh et al., 2019) Bakterie v biofilmu vyuZivaji rizné mechanismy a v
dlsledku toho mohou byt 10 az 1000krat odolnéjsi nez jejich planktonické protéjsky. (Olson et al., 2011) Tato
skuteénost spolu se snizenym pronikanim antibiotik do biofilm0 (Stewart, 2002) volad po alternativnich
Upravach nachylnych materiald.

Bacterial strain 1 2
MICug/ml  MBIC ug/ml % MIC ug/ml MBIC ug/ml %
S. aureus ATCC 29213 1 25 45 4 150 52
S. aureus ATCC 43300 1 25 21 4 37.5 47
E. faecalis ATCC 29212 1 25 34 4 37.5 45
S. aureus Ig5 1 25 33 4 37.5 52
E. coli ATCC 25922 R R

Obr. 6 - Minimum Inhibitory Concentration (MIC) and Minimum Biofilm Inhibitory Concentration (MBIC)
Results of hyperforin salt (1) and hydrogenated hyperforin salt (2) against Bacterial Strains tested in biofilms
(Schiavone et al., 2013)
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Organism
Antibiotic Staphylococcus aureus Escherichia coli
Amoxicillin 0.125 32
Ceftiofur 2 0.125
Kanamycin 8 2
Colistin Sulfate 1
Doxycycline 32 32
A-Tartrate 2 128
Florfenicol 64 2
Sulfadimidine 8 16
Enrofloxacin 0.5 16
Rifampicin 8 4
Berberine 128 512
Lincomycin 1 512

Obr. 4. MIC values of different antibiotics against S. aureus and E. coli

Bacteria 1 2 Nor
S. aureus ATCC 29213 1 4 2
S. aureus ATC 25923 1 4 2
S. aureus ATCC 43300 1 4 4
S. aureus EMRSA-15 2 0.5
S. aureus SA1199B 2 4 32
S. aureus XU212 0.5 1 4
S. aureus RN 4220 1 1
S. aureus Ig5 1 4 2
E. faecalis ATCC 29212 1 4 4
E.coli ATCC 25922 R R 0.12

Obr. 5. Minimum Inhibitory Concentration (MIC) Results of hyperforin salt (1), hydrogenated hyperforin salt
(2), and Norfloxacin (Nor) against Bacterial Strains tested in Suspension (Schiavone et al., 2013)
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Antimikrobialni materialy hraji zasadni roli v boji proti tomuto problému, ktery zplisobuje nemoci, kazdoroc¢né
vedoucim k mnoha Umrtim. Tato studie se zaméfila na zaclenéni extraktu Hypericum perforatum do
polyuretanového materidlu. Antimikrobidlni aktivita samotného extraktu byla potvrzena proti Candida
albicans, Escherichia coli a Staphylococcus aureus, ktery byl inhibovan nejvice. Kombinace HPE a
polyuretanového materidlu vedla k 92,85% sniZeni tvorby biofilmu S. aureus a tento vysledek byl odhalen
pomoci rastrovaci elektronové mikroskopie (SEM). (Nazli et al., 2019)

Obr. 7. SEM images of polyurethane discs incorporated with HP extract. Magnifications are: a) x500, b) x 2500
(Nazli et al., 2019)

V Turecku se pripravek z HP pouziva k 1éc¢bé Zaludecnich onemocnéni, véetné bolesti zaludku a peptickych
viedl. Vzhledem k tomu, Ze Uloha Helicobacter pylori v patogenezi peptickych viedl je dobfe znama, byla
ucinnost butanolového extraktu HP testovana proti deviti kmendm této bakterie. Vykazana hodnota MIC byla
mezi 15,6 — 31,2 ug/ml; pro srovnani standardni antibiotikum ofloxacin ma hodnoty MIC mezi 0,49-0,98 ug/
ml. (Yesilada a kol., 1999)
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5. ANTI-VIRALNi VLASTNOSTI

Mnoho studii ukazuje, Ze rostlina Hypericum perforatum L. a jeji slozky hypericin a pseudohypericin maji
antivirovou aktivitu (Andersen a kol., 1991; Serkedjieva a kol., 1990; Takahashi a kol., 1989; Tang a kol., 1990)
a také znacny ucinek proti CMV a HIV (Aryanpour a kol., 2021; Axarlis a kol., 1998; Degar a kol., 1992; Lavie a
kol., 1990; Meruelo a kol., 1988; Sandstrom E., 1989)

Antivirové plsobeni hypericinu a pseudohypericinu bylo studovano na lipidem obalenych a neobalenych DNA
a RNA virech (Aryanpour et al., 2021; Lavie et al., 1990). Antivirovy Ucinek je zvySen za pfitomnosti
ultrafialového svétla (Hudson et al., 1991).

Novy lidsky koronavirus, ktery se poprvé objevil v prosinci 2019 v ¢inském Wu-chanu, se v poslednich dvou
letech rychle rozsifil po celém svété. Neexistuje vSak zadnd znama specifickd ucinna Iécba COVID-19.
Nejcastéji pouzivanymi latkami pro toto onemocnéni jsou chlorochin, hydroxychlorochin, lopinavir/ritonavir,
favipiravir a remdesivir. Proto se v dnesni dobé Siroce hledaji nové zplsoby Iécby covidu. Tato studie se
zaméfila na nalezeni nejstabilnéjsi tvorby komplexu s hlavni protedzou COVID-19 ve vSech metabolitech HP.
Pomoci metody molekularniho dokovani byly identifikovany hypericin a isohypericin jako latky tvofici
nejstabilnéjsi komplex.

Podle vysledkl dalsiho Setfeni se ukazalo, Ze H. perforatum ma potencial byt G¢innym |ékem proti COVID-19.
(Yalgin et al., 2021) Dalsi studie ukazala, Ze hypericin muize inhibovat hlavni protedzu SARS-Cov-2, kriticky
antivirovy cil. (Pitsillou a kol., 2020)

Je nutné provést klinické studie spolehlivosti, a pokud bude existovat korelace s vySe uvedenymi vysledky, Ize
HP pouzit k [é¢bé COVID-19.

Novy kachni reovirus (NDRV) je infekéni onemocnéni pro drlibez bez ucinné 1éCby. Stejné jako v predchozim
pfipadé ATL je naléhavé nutna Gcinna terapie proti NDRV. V této studii byl hypericin vloZzen do oxidu grafenu,
ktery ma vysokou kapacitu pro naplnéni |éCivem a nizkou cytotoxicitu. Komplex grafen-oxidu a hypericinu
vykazoval na davce zavislou inhibici replikace NDVR a prodlouZzenou dobu preZiti infikovanych jedinct, coz
implikuje aktivitu in vitro a in vivo. (Du a kol., 2019)
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6. ANTIFUNGALNIi VLASTNOSTI

Antifungalni vlastnosti jsou trochu kontroverzni téma. Jako priklad Ize pouzit Candidu albicans; nékteré studie
tvrdily, Ze HP ma inhibi¢ni aktivitu proti této houbé (Gurevich et al., 1971), nékteré to vyvraceji. (Gudzic B. a
kol., 1997)

Ve studii s pouZzitim esencidlnich oleji z rdznych bylin (Myrrhis odorata (L.) Scop, Helichrysum arenarium (L.)
Moench a HP) vykazovala HP antifungalni aktivitu proti A.noger, A. flavus, C. cladosporioides, P. funiculosum,
T. viride, ale hodnoty MIC a MFC (minimalni fungicidni koncentrace) byly relativné vysoké. (obr. 8) (Rancié et
al., 2005)

Hypericum Perforatum

Funghi MIC (ug/ml) MFC (ug/ml)
A. niger 15 30
A.flavus 15 30
C. cladosporioides 15 15
P. funiculosum 15 30
T. viride 15 30

Obr. 8. MIC and MFC values of essential oil from Hypericum perforatum L.

Antifungalni aktivitu Ize zvysit pomoci hypericinové fotodynamické terapie (HypPDT). (Viz kapitola 8)

7. HOJIVE VLASTNOSTI

Rany jsou popisovany jako poskozeni nebo naruseni standardni anatomické struktury. Jsou definovany dva
typy ran: ty se ztratou tkané a ty bez ztraty tkané. (Atiyeh et al., 2002) V zavislosti na typu rany se proces
hojeni lisi. Tento proces probiha slozitou fadou déjl, véetné faze hemostazy, zanétlivé reakce, bunécné
proliferace, syntézy protein(i extraceluldrni matrix, prestavby pojivové tkané a ukladani kolagenu. (Gonzalez
et al., 2016; Velnar et al., 2009)

V pripadé vyznamné ztraty tkané by méla byt rana okamizité pokryta antimikrobidlnim obvazovym
materidlem, aby se urychlil proces hojeni a zabranilo se infekci. (Bolgen et al., 2020) Takovy obvaz byl vyroben
pomoci chitosanovych kryogelli se zaclenénym HP infuznim olejem. Antimikrobidlni Cinidlo je duleZitou
soucasti kazdého obvazu na ranu, protoZe spodina rany poskytuje priznivé prostfedi pro mikrobidlni rast.
(Singh a Dhiman, 2015)

Fyzikalni vlastnosti téchto kryogel( ukazaly potencial pro pouZiti jako obvazovy material na rany, zejména na
rany hluboké s vysokou hladinou exsudatu a dlouhodobym hojenim. Podle vysledkd této studie se tento
material jevi jako velmi slibny, zejména pro diabetické rany, diky prokdzanym hojivym uc¢inkdm HP na tento
typ ran. (Bolgen a kol., 2020)
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Diabetické rany maji pomaly proces hojeni, a proto se mohou snadno infikovat. Jsou zapotiebi dalsi zplsoby
Iécby takovych ran a Hypericum perforatum by takovy zplsob mohla poskytnout. Dalsi studie se zamérila na
aplikaci Aloe Vera (AV) a Hypericum perforatum oleje (HPO) za pomaoci rozlozitelného polymeru PCL/Ge (Poly
(e-kaprolakton)/Zelatina) metodou elektrostatického zvldkfovani do nanovldkennych obvazd.

Vysledky byly poté ziskany na experimentdlnim modelu diabetické rany a zmény v mnoiZstvi a chemické
strukture fosfolipid(i, protein a lipidd byly zkoumdny pomoci infracervené analyzy s Fourierovou
transformaci (FTIR). K tomu bylo provedeno vyhodnoceni biologickych udalosti spojenych s procesem hojeni
rany, celkového antioxidacniho stavu (TAS), celkové hladiny oxidantu (TOS) a hladiny tumor nekrotizujiciho
faktoru alfa (TNF-a). Hladiny TOS se zvysily ve skupindach s DM a snizily se ve skupindch AV a HPO. Index
oxidacniho stresu se snizil a hladina TNF-a se zvysila ve skupiné HPO. Testovani FTIR spekter ukdzalo zmény ve
fosfolipidech, proteinech a uhlikovém fetézci lipidd v celé krvi a séru DM potkanl. Zmény ve fosfolipidech,
proteinech a uhlikovém fetézci lipid( byly detekovany FTIR spektralni analyzou krve a séra DM potkan.

DM krysy osetfené AV a HP olejem vykazovaly vyznamny ndvrat hodnot séra a krve ke kontrolni skupiny. HP
olej vykazoval vyssi podobnost s kontrolni skupinou, coz naznacuje, ze bude lepsi pro lé¢bu diabetickych ran
nez AV olej. (Guleken a kol., 2021)

Dalsim typem ran oSetfenych HP extrakty, mastmi nebo oleji jsou otlaky. Dekubitus je velmi bolestivy
problém, ktery se nejcastéji vyskytuje u pacientll na jednotkach intenzivni péce (JIP). Vyskyt dekubitli se v
nemocnicich pohybuje mezi 10 % a 23 %, ale na jednotkach intenzivni péce se zvySuje az na 56 %. (Ersoy et
al., 2013) Rizikovymi faktory jsou podvyZiva, pokrocily vék, metabolické problémy, hypotenze, snizena
pohyblivost a jiz existujici zdravotni problémy. (Yicel et al., 2017)

Byl proveden experiment k vyhodnoceni moznych gastroprotektivnich ucinkd, které mize vykazovat extrakt z
listh HP. To bylo testovano na ethanolem vyvolanych Zaludecnich viedech u potkan( a poté srovnano s
esopremazolem, bézné pouzivanym Iékem pro zaludecni viedy.

Mechanismus ucinku byl proveden metodou Auto Dock Vina. PoZiti ethanolu zvysilo regulaci zanétlivé reakce,
jak bylo prokazano vzestupem Zaludecniho prozanétlivého TNF-a s poklesem IL-Ip. Pfitomnost alkaloidd,
flavonoidQ, tanin(, fenold, steroidl a saponint byla potvrzena analyzou HP. Vysoka davka skupiny HP vykazuje
mirna poranéni zaludecni sliznice, ktera je srovnatelna s esomeprazolovou skupinou. Na rozdil od toho byla
pozorovana vazna poskozeni v Zaludecni sliznici skupiny krys s kontrolou vieda. Vysledky in silico odhalily, Ze
Amentoflavon a Quercitrin maji nejvyssi afinitu a dobré interakce s aktivnim mistem Hp/Kp ATPazy a. Tato
studie ukdzala, Ze extrakt z HP je témér stejné ucinny jako esomeprazol v prevenci Zaludecnich vredu
vyvolanych etanolem a ma vétsi vazebnou afinitu k Zaludeénim protonovym pumpdm nez esomeprazol. (Sofi
a kol., 2020)

Olejovy extrakt HP se také velmi Casto pouZiva k 1écbé riznych typl ran. Vyzkum se zaméfil na urychleni
procesu hojeni zenskych epiziotomickych ran a jako kontrolu pouzil olej HP proti fyziologickému roztoku.
Viydetfeni ukdzalo, 7e HP olej snizuje zarudnuti, edém, ekchymézu a vytok v epiziotomickych ranach. Zeny
uzivajici olej HP uddavaly mensi bolest nez kontrolni skupina. Zavérem lze fici, Ze olejovy extract HP mUze byt
ucinnym produktem pro péci a lepsi hojeni ran po epiziotomii. (Cobanoglu a Sendir, 2020)

Dalsi pouZiti oleje HP je na jizvy a fezy. Lavagna a kol. Zaméreno na testovani smési HP a mésickového oleje na
operacnich ranach pti porodu cisarfskym fezem. Pro tuto cilovou skupinu bylo dosazeno lepsich vysledk( nez
pro kontrolni skupinu. Plocha SPA chirurgické rany se zmensila pfiblizné o 37,6 % ve srovnani s 15,83 %
ziskanymi v kontrolni skupiné. (Lavagna et al., 2001)
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8. FOTODYNAMICKA TERAPIE

Fotodynamicka terapie (PDT) je lécebna metoda vyuZzivajici latku zvanou fotosenzitizér, kterd po ozareni
svétlem pfislusné vinové délky interaguje s biomolekulami nebo molekuldarnim kyslikem, coz vede k produkci
reaktivnich druht (ROS). Dosud byla PDT schvélena pro nékolik indikaci, véetné nddorovych onemocnéni, ale
zatim neni soucasti standardni klinické praxe, i kdyz je jiz vice nez 30 let klinicky zkouSena. (Ryu a kol., 2016)

V tomto prehledu se zamérim predevsim na aPDT, ale zminim také vyuziti hypPDT v lé¢bé rakoviny, protoze
podtrhuje smysl téchto objevl a je zaloZzeno na podobném mechanismu.

ANTIMIKROBIALNi PDT

Nejslibnéjsi a nejucinnéjsi se zda byt antimikrobialni fotodynamicka terapie (APDT). APDT zahrnuje zabijeni
mikroorganismi svétlem v pritomnosti fotosenzibilizatoru. Principem této techniky je excitace
fotosenzibilizadtoru pomoci svétla vhodné vinové délky, které v aerobnich podminkach prevede senzibilizator
do jeho fotoaktivniho tripletového stavu, ktery reaguje bud's lokalnim substratem (reakce I. typu) za vzniku
cytotoxickych radikal(i, nebo s molekuldrnim kyslikem. (reakce typu Il) k produkci cytotoxického singletového
kysliku a volnych radikald. (Zeina a kol., 2003)

Hypericin je vysoce ucinny fotosenzibilizator, pticemz nékolik klinickych studii prokazalo vysokou fototoxicitu
vUci grampozitivnim bakteriim. Nicméné, jelikoZz je hypericin vysoce lipofilni je velmi ztizeno jeho poufZiti v
kazdodenni klinické praxi a sniZuje tak jeho |écivou hodnotu. Technika nazvana , Liposomalni enkapsulace” ma
potencial pfekonat tyto problémy a zpfistupnit hypericin pro kazdodenni klinickou 16omple. Cilem této studie
bylo zlepsit fotodynamickou Gcéinnost dfive pouZivanych nosicli, konkrétné zachycenim hypericinu ve vodném
kompartmentu liposomu. K dosaZzeni tohoto cile byl pfipraven ve vodé rozpustny hypericinovy 16omplex a (2-
hydroxypropyl)-beta-cyklodextrin (HypHPBCD) a po zapouzdieni v liposomech (DSPC a DSPC/DPPC/DSPE-PEG)
s dehydratacnim-rehydratacnim vezikulem (DRV) byla provedena fyzikalné-chemicka méreni. Bylo naméreno
4,1 log snizeni rlistu Staphylococcus saprophyticus subsp. bovis s liposomy DSPC a 2,6 sniZeni s liposomy
DSPC/DPPC/DSPE-PEG. HypHPBCD dokonce vykazoval Uplnou eradikaci. (Plenagl et al., 2019)

JiZ 1éta se vi, Ze rostouci rezistence bakterii proti Siroce pouzivanym antibiotikiim zpUsobi v budoucnu nemalé
potiZe ve zdravotnictvi. Proto je tfeba dale zkoumat alternativni zdroje s antibakteriadlni aktivitou. Vzhledem k
tomu, Ze Hypericum perforatum je silné protizanétlivé Cinidlo, ma velkou perspektivu pouZiti proti infekcim
odolnym v(ci antibiotiklim. Dosud mnoho studii zkoumalo vlastnosti HP podobné antibiotik(im. (Derbentseva
N.A. a Robinovich A.S., 1968; Schempp et al., 1999; Schiavone et al., 2013) Vytvorené reaktivni formy kysliku
maiji cytotoxické ucinky a mohou vyvolat bunéénou smrt bud nekrézou, nebo apoptdzou. (Zeina a kol., 2003)

Vzhledem k této problematice ziskdva pouziti PDT stale vétsi oblibu ve stomatologii pfi Ié¢bé in situ ordlnich
biofilmU. Extrakt HP byl testovan proti ordlnim bakteriim tvoficim biofilm (S. sobrinus, L. plantarum, S. mutans
a E. faecalis) a hodnoty MIC se pohybovaly od 8 mg/ml do 32 mg/ml. (Stintar et al., 2016)

Bylo také prokazano, Ze extrakt HP mél vyznamny fotoaktivacni potencidl v PDT s viditelnym svétlem a
infracervenym svétlem filtrovanym vodou pfi koncentraci 32 mg/ml. V ddsledku toho bylo vymyceno 100 %
vsech biofilmd. (Vollmer a kol., 2019)

Bylo prokdzano, Ze aPDT vyuzivajici hypericin jako fotosenzibilizator mize byt ucinnou alternativni IéCbou
oralnich biofilm.
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Studie provedena Zeinou et al. fesi jeden z problémQ, které obklopuji tuto relativné novou techniku. Pfi
pouziti in vivo existuje moznost zniceni hostitelskych bunék. Tato studie zamérena na keratinocyty, jelikoz PDT
pro kozni anomalie je jiz na nékterych mistech pouzivana. Vysledky ukazaly, ze aPDT sedmi log cykll
(dostatecné ke snizeni mikrobl) ma maly cytotoxicky ucinek na keratinocyty, coZ naznacuje, Ze tato metoda
mUzZe byt alternativou nebo adjuvans k antibiotikim a antiseptiklim pro koZzni onemocnéni souvisejici s
mikroby. (Zeina a kol., 2003)

KoZni onemocnéni zvané acne vulgaris je jednim z nejéastéji se opakujicich koZznich onemocnéni, které znacné
poskozuje fyzickou a dokonce i psychickou pohodu pacientll. Studie provedené Barroso et al. zkoumali Gcéinky
APDT na biofilmy Propionibacterium acnes. Vytvareli in vitro biofilmy v anaerobnich podminkach a aplikovali
razné koncentrace hypericinu. PouZité koncentrace byly 5 a 15 ug/l a 0,9% sterilni fyziologicky roztok pro
kontrolu. Vzorky byly ozareny svételnymi energiemi 3 a 5 J (660 nm, kontinudlni vykon, 100 mW, 30 a 50 s,
respektive 100 J/cm2 a 166 J/cm2). Poté bylo provedeno pocitani CFU a ukazalo se vyznamné snizeni poétu
bakterii ve vsech vzorcich. Nejvyraznéjsi inhibice byla pozorovéna v ptipadé koncentrace 15 ug/| hypericinu,
kde v pfipadé biofilmu (energie 3 J) doslo ke snizeni o 14,1 % a v pripadé energie 5 J dokonce o 27,9 %.
(Barroso a kol., 2021)

Dal$Sim naléhavym zdravotnim problémem jsou povrchové plisiové infekce (Lipozenci¢ et al., 2002),
zpUsobené dermatofytnimi houbami. (Teklebirhan a Bitew, 2015) Tyto houby konzumuiji keratinovy protein
jako vyzZivu, diky cemuz je kdZe, vlasy a nehty primarnim mistem infekce. (Hayette a Sacheli, 2015) Jednou z
takovych chorob je tinea capitic a tinea corporis zplisobena houbami M. canis. Typ [écby byl PDT s nano
enkapsulovanym hypericinem v P123. Prokazana antimykoticka citlivost byla 6,25 — 12,5 umol/l P123-Hy-
PDT). Lécba nevykazovala ani kozni ani biochemické zmény in vivo. Jiz po tfech oSetfenich bylo viditelné
rychlé zlepSeni a po Sesti oSetienich doslo k mykologické redukci. Zjisténi ukdzala, Ze PDT zprostfedkovana
P123-Hyp dokonce obnovila poskozeni tkané zplsobené infekci. (Galinari a kol., 2021)

HYPPDT PRO LECBU RAKOVINY

Hypericin maze ovlivnit maligni a nemaligni buniky na nékolika subceluldarnich drovnich, jako je syntéza a
distribuce proteini nebo struktura a funkce mitochondrii. MlZe byt prijiman nadorovymi burikami nékolika
zpUsoby transportu, véetné endocytdzy, pinocytdézy nebo pasivni difuze. Poté postupuje do
endoplazmatického retikula a Golgiho aparatu a vytvari reaktivni formy kysliku (ROS), které zpUsobuji lokalni
poskozeni. Urover této cytotoxické reakce je Uzce zavisla na davce svétla a koncentraci hypericinu a méze vést
bud' k apoptdze nebo nekréze nadorovych bunék. (Gamasaee et al., 2018; Mihleisen et al., 2017)

Rakovina stitné Zlazy je nejcastéjsSim typem rakoviny souvisejici s endokrinnim systémem. | kdyz je HYP znamy
a silny fotosenzibilizdtor a jeho protinddorova aktivita byla mnohokrat testovdana a potvrzena, zakladni
mechanismy jeho protirakovinného ucinku nejsou dosud dobre stanoveny. Proto byla provedena studie, ktera
méla tyto mechanismy objasnit pomoci B-CPAP bunécné linie karcinomu $titné zlazy (PTC -papildrni karcinom
stitné Zlazy).

Tato studie ukazuje, Ze HYP je cytotoxicky a indukuje apoptdzu v B-CPAP zdvislou na vnéjsi kaspaze. Dale
zjistili, Ze HYP inhiboval Ctyfi geny souvisejici s metastdzami v burikach B-CPAP, coZ sniZuje potencial tvorby
novych metastdz. Apoptdza je indukovdna i pfi velmi nizkych koncentracich a i vy$si koncentrace HYP byly
dobre tolerovany fibroblastovymi bunikami. (Piryaei et al., 2021)

Anaplasticky karcinom stitné zlazy je nejagresivnéjsi formou karcinomu stitné Zlazy, kterd hlife reaguje na
standardni 1éc¢bu kvili svym komplexnim charakteristikdm. (Lim et al., 2012) Studie na mysich uvadi
vyznamnou tvorbu ROS a poskozeni mitochondrii v postizenych burikdch pfi |écbé HypPDT. (Kim et al., 2018)
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Dalsim typem rakoviny citlivym na HypPDT je kolorektdlni karcinom, ktery je jednou z nejcastéjsich lidskych
malignit. Standardni Ié¢ba zahrnuje chemoterapii, radioterapii a chirurgicky zakrok. (Aiello et al., 2019) Bylo
zjisténo, ze HypPDT vykazuje protinadorovou aktivitu indukci inhibice bunécné proliferace, tvorby ROS,
apoptozy prostfednictvim kaspazy-9 a kaspdazy-3 a zastaveni S faze prostfednictvim drahy CDC25A/CDK2/
Cyclin A. (Hu a kol., 2021)

Podle Kleemannovy studie dosahl HypPDT pfi Ié¢bé melanomu podobnych vysledkl jako ve vyse zminénych
studiich. V této studii vSechny melanomové bunky prevzaly hypericin a akumulovaly ho do
endoplazmatického retikula, mitochondrii, lysozomd a melanosomi, ale ne do jadra. Svételna aktivace
hypericinu vyvolala rychlou, rozsdhlou modifikaci tubularni mitochondrialni sité do perlickového vzhledu,
ztratu strukturnich detailll v ER a vedla ke ztraté spolecné lokalizace hypericinu. Opacna véc se stala s
lysozomalnimi organelami, coZ naznacuje moziné spojeni mezi témito organelami a rezistenci HypPDT.
Konkrétné organely nesouci pigment nazyvané melanosomy byly nedavno zapojeny do zachycovani Iéki,
chemoterapie a rezistence na HypPDT.

Nicméné HypPDT dokazal zabijet jak nepigmentované, tak pigmentované melanomové bunky. Lécba vedla k
vnéjsi a vnitfni apoptdze zavislé na kaspaze a apoptdze nezdvislé na kaspaze, nezahrnujici faktory indukujici
apoptoézu. (Kleemann et al., 2014)

HypPDT je slibna nova technika, i kdyZ neni bez jakychkoli vedlejsich tGcinkd, protoZze hypericin je po nitroZilni
aplikaci silnym fotosenzibilizatorem a pacienti se systémovou distribuci se musi vyhybat svétlu, aby se snizilo
riziko fotosenzitivni reakce. Byla provedena studie, jejimZz cilem je fidit lokalizaci HYP bé&hem HypPDT
prostiednictvim magnetického cileni Ié¢iv (MDT). Castice HYP byly naneseny na superparamagnetické
nanocastice oxidu Zeleza a poté navedeny na poZadované misto pomoci vnéjSiho magnetického pole.
Vysledky této studie byly slibné, i kdyZ vychytavani komplexu SPION/Hyp bylo pomalejsi nez samotného
hypericinu. To by se dalo vyresit zkoumanim souvislosti mezi koncentraci hypericinu a dobou osvétleni
svétlem a nalezenim nejlepsiho mozného poméru. (Mihleisen et al., 2017)

Mechanismus HypPDT prostfednictvim tvorby ROS a indukce apoptotickych drah, jak prostfednictvim
vnéjsich, tak vnitfnich cest zavislych na kaspaze spolu se supresi transkripce souvisejici s metastdazami nebo
viry, také studovali Barathan a Xu. (Barathan et al., 2013 Xu a kol., 2019).

Vsechny tyto studie popisuji obecny mechanismus této |écebné techniky, ale k objasnéni rozdilt
pozorovanych v ziskanych vysledcich je tfeba provést vice studii.
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9. DISKUZE/ZAVER

Jak je uvedeno vyse, Hypericum perforatum L. vykazuje silnou aktivitu proti mnoha typlm patogenu. V dobé
bakterialni rezistence vici antibiotikim budou alternativni Ié¢ebné metody stfedem mnoha studii. Budouci
studie by se mély zaméfit na funkéni mechanismus vsech metabolitli spolecné a také na specifické molekuly,
jako je hyperforin nebo hypericin. Pfedmétem budouciho vyzkumu by méla byt také bezpecnost a
standardizace klinického pouziti.

Vyuziti téchto zjisténi je rozsahlé a konecny produkt bude odrazet cilovou skupinu. Jak je uvedeno v tomto
prehledu, vyjimecné aktivity této byliny Ize vyuZit ve stomatologii, mediciné, farmaceutickych zafizenich a
materialech.

Pouziti extraktu z HP vSak neni bez vedlejsich ucinkd, jak by se mnozi lidé mohli domnivat, protoZe se jedna o
extrakt z bylin. HP mUZe interagovat s nékterymi Siroce pouZivanymi léky. Mélo by byt znamo, Ze pouziti HP
pro lécbu muiZe zpUsobit selhani antikoncepce ethinylestradiolu v dusledku indukce jeho metabolismu.
(Henderson et al.,, 2002; Schwarz et al., 2003) Vyzkum také naznacuje, Zze dlouhodobé podavani trezalky
teckované mlze mit za nasledek snizenou klinickou Ucinnost nebo zvySené poZadavky na davkovani pro
vSechny substraty CYP 3A4, coz predstavuje asi 50 % vSech prodavanych léciv. (Markowitz a kol., 2003)

Lécba HP by neméla byt kombinovana s Zadnym typem farmaceutickych antidepresiv (nedoporuci-li
kvalifikovany lékar jinak), protoze by mohlo dojit k serotoninovému syndromu. (Bent, 2008; Borrelli a Izzo,
2009) Pouzivani rostlinnych produktl soucasné s konvencni medicinou je rozsifenym problémem, ktery
vyZaduje dalsi pozornost ze strany lékaru.

Fotosenzitivni reakce se zda byt nejobavanéjsSim vedlejsim ucinkem HP, ale bylo zjisténo, ze davky pouzivané
pfi 1é¢bé deprese nejsou dostatecné vysoké, aby takovou reakci vyvolaly. (Bilia et al., 2002) V ptipadé |éCby
HypPDT je to stale problémem a vyZaduje dal$i pozornost a alternativni feseni, jako je napfiklad vysSe
zminéné MDT.

Poskytli jsme dlkazy, které by mohly vysvétlit nekonzistentnost tvrzeni o klinickém ucinku mediciny zaloZzené
na HP. Toto vysvétleni je pouZitelné pro studie provedené v 60. letech 20. stoleti spolecnosti Eko, ale také pro
dalsi aktualnéjsi pripadové studie. Nestabilita metabolitl, zejména hyperforinu, je problém, ktery by se mél v
budoucnu fesit. Nabizi také novy pohled na hodnoceni pfirodni mediciny obecné, protoze mnoho produkti se
mUzZe potykat se stejnym problémem.
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1. ABSTRACT

This review was created to provide an overview of current research on the antimicrobial properties of
Hypericum perforatum L. that we gathered at EkoRTN while working on the preparation of Floristen. The
original medicinal preparation Floristen was one of the results of the work of the RTN team led by RNDr.
PhMr. Bohumir Rakusan at the pharmaceutical factory Eko. The RTN team focused on plant and animal
extracts and their use in the treatment of chronic degenerative diseases, and Floristen, which was produced
in former Czechoslovakia in the 1960s by the national enterprise SPOFA, was mainly used for chronic
gynecological inflammations.

The results of the analytical evaluation of the preparation were not always consistent, and thanks to the
progress in analytical chemistry, it can be concluded that these inconsistencies were most probably due to
the instability of the main bioactive constituents. In addition, this overview summarizes the history of
Hypericum perforatum, bioactive constituents, and future research targets. We hope to encourage further
interest in this medicinal herb.

Hypericum perforatum L. is a widely used herb in folk and botanical medicine. In the past few decades, it has
gained much attention for its anti-depressive, antimicrobial, anti-inflammatory, antioxidative, and wound-
healing properties. Thanks to the physical properties of its secondary metabolites, it can be combined with
modern treatments, such as photodynamic therapy. Extracts from this herb can also be incorporated into
polyurethane materials or wound dressings, where its healing and antimicrobial properties are utilized. New
types of wound dressings, for example for diabetics, have been developed as a result. This document also
presents some of the latest discoveries, such as the inhibition of the main protease of COVID-19 by hypericin,
strong activity against several multiresistant strains of bacteria, and even the eradication of oral biofilms in
dentistry.

Further research is needed to implement these findings into daily clinical practice. Evidence suggests or even
clearly states the potential of Hypericum perforatum in the treatment of milder medical issues, moderate
depression, as well as serious infections, or some types of cancer.

2. ABBREVIATIONS

HP (Hypericum perforatum L.)

PDT (Photodynamic Therapy)

aPDT (Antimicrobial photodynamic therapy)
HypPDT (Hypericin Photodynamic Therapy)

SSRI (Selective Serotonin Reuptake Inhibitors)
MIC (Minimum Inhibitory Concentration)

MFC (Minimum Fungicidal Concentration)

MBIC (Minimum Biofilm Inhibitory Concentration)

HYP (Hypericin)
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3. INTRODUCTION

3.1. DESCRIPTION AND HISTORY

Hypericum perforatum L., also known as St. John’s wort, is most likely the most studied herb of all times.
It is a shrubby perennial plant from the Hypericaceae family, with many yellow flowers. It usually grows
in dry and gravelly soils, fields, and sunny places. Hypericum is native to many parts of the world, like
Europe, Asia, or the United States. (Bongiorno, 2020a)

It contains many bioactive compounds, including naphthodianthrones (hypericin, pseudo hypericin),
phloroglucinols (hyperforin, adhyperforin), flavonoids (quercetin, rutin, kaempferol, xanthone), and
many less concentrated compounds.

St. John’s wort has been used in folk medicine since ancient Greece, where Dioscorides, Pliny, or
Hippocrates used it to treat many illnesses. Its Latin name is derived from Greek, and it means “over an
apparition, “which refers to the belief that the herb was so obnoxious to evil spirits that only a whiff of it
would drive them away (Bongiorno, 2020b; Grieve, 1931; Xiao et al., 2018) probably a reference to its
significant antidepressant properties.

In the past century, a specific HP extract, called Floristen, has been used in the Czech Republic, for the
prolonged healing of inflammation, especially in women. This extract was claimed to have a healing
effect on uterine infections. (Lédr et al., 1959; Rakusan et al., 1954)

Nowadays, there is a substantial rise in interest in this herb and botanical medicine science in general.
For example, in Germany, herbal products can be marketed as drugs and even reimbursed by insurance
when prescribed by a physician. (Bongiorno, 2020b)

3.2. TYPES OF BIOLOGICAL ACTIVITY

St. John’s wort exerts a broad spectrum of biological activity. First of all, its antioxidative activity, which
was confirmed in vitro. (Hunt et al., 2001) The antioxidant effect is dose-dependent, with concentrations
between 1-50 ug/ml inhibiting lipid peroxidation of rat brain cortex mitochondria and 1-100 ug/ml
increasing the survival rate of phaeochromocytoma cells when facing the reactive oxygen species (ROS).
(Benedi et al., 2004) Such high antioxidant activity is due to the flavonoids, which account for 10% of
total extract volume. (Sagratini et al., 2008)

Anti-inflammatory activity is also present when using HP extracts. This particular activity was
investigated in the mouse ear model, with lipophilic extract of HP containing 27% of hyperforin and 5%
of adhyperforin and other extracts and isolated compounds. The lipophilic extract was the most
successful one at reducing swelling and inflammation; therefore, hyperforin must be regarded as the
essential anti-inflammatory component of HP. (Sosa et al., 2007)

As for wound healing activity, for example, using the HP oil extract combined with ethanol extract can
shorten wound closure time by 50%, compared control group. (Cobanoglu and Sendir, 2020; Lavagna et
al., 2001; Suntar et al., 2010)
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At last, the antimicrobial activity against gram-positive and gram-negative bacteria, viruses, and fungi.
The antibacterial agents were identified as hypericin and hyperforin. (Cecchini et al., 2007) In the case of
bacteria, it possesses proven activity against Staphylococcus aureus, Helicobacter pylori, Escherichia coli,
and others. (see section 4)

Nevertheless, St John’s wort is most known for its anti-depressive properties and has been used for this
purpose since ancient Greece. (Bongiorno, 2020b) The use of HP ethanol extract {ealled-Floristen} was
claimed to improve cognitive function in patients who had dementia due to an arteriosclerotic incident.
(Pavlovsky et al., 1979)

Its anti-depressive activity is comparable to the most often used SSRI antidepressant drug sertraline in
treating mild to moderate depression but with fewer side effects. (Brenner et al., 2000) As side effects
are the most common reason for treatment withdrawal with patients treated for depression, HP extract
is a potent alternative treatment. (Ng et al., 2017)

4. BIOLOGICALLY ACTIVE COMPOUNDS

Although later studies indicated that its effect was not clinically significant (see below), hypericin is commonly
used to standardize HP extracts. The total amount of hypericins is usually about 0.3% of hydroalcoholic
extracts.

Hyperforin is recently becoming the center of attention, even though it was neglected at first due to its light
instability. (Erdelmeier, 1998). It has been proved that about 1-5% of hyperforin can be kept in HP extracts.
The HP extract has to be appropriately stored, and then it can last for long periods of time. (Chatterjee et al.,
1998a, 1998b) It is crucial that the drying and storage conditions of HP extracts are taken into consideration.
According to these conditions, hyperforin content can vary in commercial preparations of HP extracts.
(Erdelmeier, 1998). These facts must be considered when evaluating clinical and preclinical studies that use
different entry materials. The reason is that the actual concentration in HP extracts, oils, or ointments used
could be entirely different, which could change the outcome of these studies. (Guilhermano et al., 2003) For
example, in the use of Floristen, the results differed significantly during the research, (Lédr et al., 1959;
Pavlovsky et al., 1979; Rakusan et al., 1954) which the lack of knowledge about hyperforin might have
caused.

1. Naphtodianthrones

1.1. Hypericin

Hypericin (4, 5, 7, 4, 5, 7’-hexahydroxy-2’, 2’-dimethyl-mes-o-naphthodianthrone-Fig.1) is a natural,
rigid, multi-ring aromatic quinone compound found in various wild or cultivated species of the genus
Hypericum (Knox and Dodge, 1985), insects, and protozoa.

Dark-red spots of hypericin are located in the specialized minute gland, distributed throughout the
plant’s aerial parts. The hypericin content is variable and depends on the part of the plant, its
ontogenetic stage, and which season it is. (Celldrova et al., 1994)

Hypericin can also be found in the integument of Australian Lac insects from the Coccoidea family and
the blue-green ciliate called Stentor coerulus, which is a type of protozoa. (Banks et al., 1976)
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Buchner’s group first isolated hypericin in 1830 (Buchner A., n.d.), and its structure was determined
about a century later, in 1953 by Brockmann and Sanne. (Brockmann HH and Sanne W., 1953)

Hypericin is very lipophilic in nature, having a molecular weight of 504 g/mol. It is soluble in non-polar
organic solvents, aqueous solutions, and oil. Hypericin’s UV absorption bands are at 591 and 510 nm.
(Huang et al., 2014)

There are various methods for hypericin analysis, including ultraviolet-visible spectroscopy (UV-VIS),
chemiluminescence-flow injection analysis (CL-FIA), thin-layer chromatography (TLC), and high-
performance liquid chromatography (HPLC), which is the most used method for analyzing hypericin.
(Zhang et al., 2022)

The most common extraction method is solvent extraction, using methanol, ethanol, and polar
alcohols. Enzyme-assisted extraction can be used for higher yield and microwave-assisted extraction for
a shorter extraction time. (Zhang et al., 2022)

Fig 1 Hypericin structure

2. Phloroglucinols

2.1. Hyperforin

Hyperforin is a bicyclic polyprenylated acylphloroglucinol derivative (Fig.2), which exhibits
antidepressant activity, antibiotic activity against gram-positive bacteria, and antitumoral activities in
vivo. It mainly accumulates in pistils and fruits, which probably has a defensive function. (Beerhues,
2006)

In 1971 Russian scientific group postulated that an antibiotic should be contained in HP and named it
hyperforin. (Gurevich et al., 1971) Hyperforin was first isolated and structurally described in 1975 by
Bystrov and his co-workers. (Bystrov et al., 1975)

It is poorly stable when exposed to light or oxygen; therefore, it was long neglected as a
pharmaceutically relevant St. John’s wort constituent. (Chatterjee et al., 1998b) The majority of
commercially prepared extracts of Hypericum perforatum contain about 1-5% of hyperforin. (F. Lang et
al., 2002)

Hypericum perforatum was believed to be the only species in genus Hypericum to contain hyperforin
as a quantitatively significant constituent. (Smelcerovic and Spiteller, 2006; Umek et al., 1999)
However, Smelcerovic and Spiteller found more species (H. barbatum, H. richer, H. rumeliacum, H.
maculatum, H. tetrapterum, H. hirsutum, H. linarioides, H. olympicum) to contain hyperforin, although

in lower concentrations. The highest concentration of hyperforin in H. perforatum was recorded in
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flowers and fruits. The hyperforin content varies through the plant’s ontogenesis; for example, it is
2.5% in young buds, but in unripe fruit, it is 8.5%. (Tekel’ova et al., 2000)

Fig 2 Hyperforin structure

3. Flavonoids

Flavonoids (Fig.3) are a group of secondary plant metabolites with a phenylbenzopyran chemical
structure. (Grotewold, 2006) The general chemical structure contains a C15 skeleton joined or a chroman
ring, which in turn bears an aromatic ring at C-2, C-3, or C-4. The heterocyclic benzopyran ring is known as
the “C “ring, the fused aromatic ring as “A “ring, and the phenyl constituent as the “B “ring. (Hemingway,
1998)

3.1. Flavonols and flavan-3-ols
Hypericum perforatum is very rich in flavonols, which are thought to play an important role as co-
effectors for improving the pharmaceutical function of hypericin. (Jirgenliemk and Nahrstedt, 2002)

The flavonols present are glycosides or quercetin. (Tatsis et al., 2007) The specific compounds are
quercetin-3-O-rutinoside (rutin), muyricitrin, quercetin-3-O-galactoside (hyperosid), quercetin-3-O-
glucoside (isoquercitrin) and quercetrin. (Fig.3)

Myricitrin, quercetin, kaempferol, and apigenin were found to have an inhibitory effect on EROD
activity in prostate cancer cells. (Chaudhary and Willett, 2006)

Widely studied flavan-3-ols found in HP are catechins, which have been reported to possess
antioxidant, anticarcinogen, cardiopreventive, antimicrobial, anti-viral, and neuroprotective agents.
(Aron and Kennedy, 2008)

3.2 Biflavonoids

Biflavonoids are very common in plants, as they are claimed to have protective activity against UV
radiation, predators, insects, and fungi. (Gontijo 2017) The two biflavonoids detected in HP are
biapigenin and amentoflavone (Chaudhary and Willett, 2006). The amount of biapigenin is about ten-
fold higher than that of amentoflavone. (Napoli et al., 2018) Amentoflavone, although, showed
significant antidepressant action. (Yu et al., 2017)

3.3. Phenolic acids

Hypericum perforatum contains the highest amount of phenolic acids amongst Hypericum species.
(Hazler Pilepic et al., 2013) Analytical studies’ most detected cinnamic acids were 3-O-caffeoylquinic
acid, p-coumaroilquinic acid, 5-O-caffeoylquinic acid (chlorogenic acid), and p-coumaric acid. (Napoli et
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Fig.3 Chemical structure of flavonoids found in HP
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5. ANTIBACTERIAL PROPERTIES

It is long known that mostly hyperforin accounts for HP’s antibacterial properties (Gurevich et al., 1971).
There also have been individual reports of effective Treatment for bacterial skin infections with hypericin-
containing ointments directly related to the simultaneous effect of solar radiation. This supports the
current use of hypericin in antimicrobial Photodynamic therapy (aPDT), where it exerts strong
antibacterial properties. (Plenagl et al., 2019) Neuwald and Hagenstrom examined St. John’s Wort and
found petroleum ether and acetone extracts of flowering herb and dry fruits to be active against
Staphylococcus aureus. They did not know the exact antibacterial agent, but they already knew it was
unrelated to the essential oils, tanning agents, or hypericin. (Neuwald F. and Hagenstrém U., 1954) Gained
and Ganjoo later confirmed these results. (Gained KN and Ganjoo TN, 1959)

Acetone extract of HP has a long history of treating bacterial infections in Russia. This extract is called
Novoimanine, and Russian scientists also characterized hyperforin as the antibacterial principle. However,
they also found that hyperforin is effective against G+ bacteria but less effective against G- bacteria.
(Derbentseva N.A. and Robinovich A.S., 1968). In the year 1999, Schempp reported for the first time the
effectiveness of hyperforin against methicillin and penicillin-resistant strains of Staphylococcus aureus
with a MIC value of 1.0 ug/ml. (Schempp et al., 1999) Such activity was confirmed in 2013 by Schiavone et
al., where they tested hyperforin salt and its hydrogenated derivative against many strains of MRSA along
with the antibiotic Norfloxacin. The MIC (Minimum Inhibitory Concentration) values measured in
suspension varied from 0.5 ug/ml — 4 ug/ml, where hydrogenation of hyperforin caused only a slight
increase in this value. (Fig. 5) This fact is surprising considering the different chemical structures and
reactivity of these two compounds. Next, they measured MBIC (Minimum Biofilm Inhibitory
Concentration), which showed that the hydrogenated compound is more effective against planktonic and
biofilm cultures (fig. 6). This result might be caused by the fact that hydrogenated hyperforin was more
stable in oxygenated conditions. (Schiavone et al., 2013). In the medical, food, and textile industry,
microbial accumulation in used materials is a common problem and can lead to serious diseases,
infections, and more uncontrollable problems. Many materials used in mentioned industries have
microorganism-sensitive surfaces and cause colonization and biofilm formation. (Nazli et al., 2019)
Bacteria in biofilm use a variety of mechanisms, and as a result, they can be 10 to 1000 times more
resistant than their planktonic counterparts. (Olson et al., 2011) This fact, along with reduced antibiotic
penetration in biofilms (Stewart, 2002), calls for alternative material treatments.

Bacterial strain 1 2
MICug/ml  MBIC ug/ml % MIC ug/ml MBIC ug/ml %
S. aureus ATCC 29213 1 25 45 4 150 52
S. aureus ATCC 43300 1 25 21 4 37.5 47
E. faecalis ATCC 29212 1 25 34 4 37.5 45
S. aureus Ig5 1 25 33 4 37.5 52
E. coli ATCC 25922 R R

Figure 6. Minimum Inhibitory Concentration (MIC) and Minimum Biofilm Inhibitory Concentration (MBIC)
Results of hyperforin salt (1) and hydrogenated hyperforin salt (2) against Bacterial Strains tested in biofilms
(Schiavone et al., 2013)
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Organism
Antibiotic Staphylococcus aureus Escherichia coli
Amoxicillin 0.125 32
Ceftiofur 2 0.125
Kanamycin 8 2
Colistin Sulfate 1
Doxycycline 32 32
A-Tartrate 2 128
Florfenicol 64 2
Sulfadimidine 8 16
Enrofloxacin 0.5 16
Rifampicin 8 4
Berberine 128 512
Lincomycin 1 512

Figure 4. MIC values of different antibiotics against S. aureus and E. coli

Bacteria 1 2 Nor
S. aureus ATCC 29213 1 4 2
S. aureus ATC 25923 1 4 2
S. aureus ATCC 43300 1 4 4
S. aureus EMRSA-15 2 0.5
S. aureus SA1199B 2 4 32
S. aureus XU212 0.5 1 4
S. aureus RN 4220 1 1
S. aureus Ig5 1 4 2
E. faecalis ATCC 29212 1 4 4
E.coli ATCC 25922 R R 0.12

Figure 5. Minimum Inhibitory Concentration (MIC) Results of hyperforin salt (1), hydrogenated hyperforin salt
(2), and Norfloxacin (Nor) against Bacterial Strains tested in Suspension (Schiavone et al., 2013)
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Antimicrobial materials have an essential role in combating this issue, which causes many diseases resulting
in deaths every year. This study focused on incorporating Hypericum perforatum extract in polyurethane
material. The antimicrobial activity of the extract itself was confirmed against Candida albicans, Escherichia
coli, and Staphylococcus aureus, which was inhibited the most. The combination of HPE and polyurethane
material resulted in a 92.85% decrease in S. aureus biofilm formation, and this result was revealed using
Scanning Electron Microscopy (SEM). (Nazh et al., 2019)

Fig. 7. SEM images of polyurethane discs incorporated with HP extract. Magnifications are: a) x500, b) x 2500
(Nazli et al., 2019)

At last, in Turkey, preparation from HP is used to treat gastric ailments, including stomach aches and peptic
ulcers. As the role of Helicobacter pylori in the pathogenesis of peptic ulcers is well established, the potency
of butanol HP extract was tested against nine strains of this bacteria. The MIC value exhibited was between

15.6 — 31.2 ug/ml; in comparison, standard antibiotic ofloxacin has MIC values between 0.49-0.98 ug/ml.
(Yesilada et al., 1999)
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6. ANTI-VIRAL PROPERTIES

Many studies show the plant Hypericum perforatum L. and its constituents hypericin and pseudohypericin
have anti-viral activity (Andersen et al., 1991; Serkedjieva et al., 1990; Takahashi et al., 1989; Tang et al.,
1990) and also considerable action against CMV and HIV (Aryanpour et al., 2021; Axarlis et al., 1998; Degar et
al., 1992; Lavie et al., 1990; Meruelo et al., 1988; Sandstrom E., 1989)

The anti-viral action of hypericin and pseudohypericin have been studied on lipid enveloped and non-
enveloped DNA and RNA viruses (Aryanpour et al., 2021; Lavie et al., 1990). The anti-viral action is enhanced
under the presence of ultraviolet light (Hudson et al., 1991).

The novel human coronavirus, which first emerged in December 2019 in Wuhan, China, has spread rapidly
worldwide over the last two years. However, there is no known specific effective treatment for COVID-19. The
most often used agents for this disease are chloroquine, hydroxychloroquine, lopinavir/ritonavir, favipiravir,
and remdesivir. Therefore new ways of treating covid are widely searched for these days. This study focused
on finding the most stable complex formation with COVID-19 main protease in all HP metabolites. Using the
method of molecular docking, hypericin and isohypericin were identified as forming the most stable complex.

According to the results of further investigation, it has been shown that H. perforatum has the potential to be
an effective drug against COVID-19. (Yalgin et al., 2021) Another study showed that hypericin can inhibit the
SARS-Cov-2 main protease, a critical anti-viral target. (Pitsillou et al., 2020)

It is necessary to carry out the clinical reliability studies, and if there is a correlation with the results
mentioned above, HP can be used for the Treatment of COVID-19.

Novel duck reovirus (NDRV) disease is an infectious disease for poultry with no effective treatment. As in the
previous case of ATL, effective therapy for NDRV is urgently needed. In this study, hypericin was loaded into
graphene-oxide, which has a high drug-loading capacity and low cytotoxicity. Graphene-oxide and hypericin
complex showed a dose-dependent inhibition of NDVR replication and prolonged survival time of infected
individuals, which implicates activity in vitro and in vivo. (Du et al., 2019)

7. ANTIFUNGAL PROPERTIES

Antifungal properties are a bit controversial. For example, we take Candida albicans; some studies claimed HP
to have inhibitory activity against this fungi (Gurevich et al., 1971), some disprove this. (Gudzic B. et al., 1997)

In a study using essential oils from different herbs (Myrrhis odorata (L.) Scop, Helichrysum arenarium (L.)
Moench and HP), HP showed antifungal activity against A.noger, A. flavus, C. cladosporioides, P. funiculosum,
T. viride but the MIC and MFC (Minimal Fungicidal Concentration) values were relatively high. (Fig. 8) (Ranci¢
et al., 2005)
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Hypericum Perforatum

Funghi MIC (ug/ml) MFC (ug/ml)
A. niger 15 30
A.flavus 15 30
C. cladosporioides 15 15
P. funiculosum 15 30
T. viride 15 30

Fig.8 MIC and MFC values of essential oil from Hypericum perforatum L.

The antifungal activity can be magnified using Hypericin Photodynamic therapy (HypPDT). (See chapter 9)

8. WOUND HEALING PROPERTIES

Wounds are described as damage or disruption of the standard anatomical structure. Two types of wounds
are defined: those with tissue loss and those without tissue loss. (Atiyeh et al., 2002)Depending on the type
of wound, the process of healing differs. This process occurs by a complex series of events, including the
hemostasis phase, inflammatory reaction, cell proliferation, synthesis of the extracellular matrix proteins,
connective tissue remodeling, and collagen deposition. (Gonzalez et al., 2016; Velnar et al., 2009)

In case of a significant tissue loss, the wound should be immediately covered with an antimicrobial dressing
material to accelerate the healing process and prevent infection. (Bolgen et al., 2020) Such dressing was
made using chitosan cryogels with incorporated HP infused oil. The antimicrobial agent is highly needed in
every wound dressing as the wound bed provides a favorable environment for microbial growth. (Singh and
Dhiman, 2015)

The physical characteristics of these cryogels showed potential to be used as wound dressing materials,
especially for deep cavity wounds with high exudate levels and long-term healing. According to the results of
this study, this material seems very promising, especially for diabetic wounds, due to HP’s proven healing
effects on such wounds. (Bolgen et al., 2020)

Diabetic wounds have a slow healing process and can therefore be easily infected. Additional ways of treating
such wounds are needed, and Hypericum perforatum could provide such a way. Another study aimed to load
Aloe Vera (AV) and Hypericum perforatum oil (HPO) with PCL/Ge (Poly (e-caprolactone)/Gelatine) polymeric
biodegradable by electrospinning method into nanofiber dressings.

The results were then obtained on an experimental diabetic wound model, and changes in the amount and
chemical structure of phospholipids, proteins, and lipids were investigated using Fourier transform infrared
(FTIR) analysis. Also, to evaluate the biological events associated with the wound repair process, the total
antioxidant status (TAS), total oxidant level (TOS), and tumor necrosis factor-alpha (TNF-a) levels. TOS levels
increased in DM groups and decreased in the AV and HPO groups. The oxidative stress index decreased, and
the TNF-a level increased in the HPO group. FTIR spectra testing showed changes in the phospholipids,
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proteins, and carbon chain of lipids in the whole blood and serum of DM rats. Changes in the phospholipids,
proteins, and carbon chain of lipids were detected by FTIR spectra analysis of blood and serum of DM rats.

DM rats treated with AV and HP oil showed a significant return of serum and blood values to the control
group. HP oil showed higher similarity to the control group, suggesting it will be better for treating diabetic
wounds than AV oil. (Guleken et al., 2021)

The next type of wounds treated with HP extracts, ointments, or oils, are pressure sores. A pressure sore
(Decubitus ulcer) is a severely painful problem that is most common amongst patients in intensive care units
(ICU). The incidence of pressure sores is between 10% and 23% in hospitals, but it increases up to 56% in ICU
units. (Ersoy et al., 2013) Risk factors are malnutrition, advanced age, metabolic problems, hypotension,
reduced mobility, and preexisting health issues. (Yiicel et al., 2017)

An experiment was performed to evaluate possible gastro-protective effects that HP leaf extract may exert.
This was tested on ethanol-induced gastric ulcers in rats and then compared to esopremazole, a drug of
choice for stomach ulcers.

The mechanism of action was performed by the Auto Dock Vina method. Ethanol ingestion upregulated the
inflammatory reaction as demonstrated by the rise of gastric proinflammatory TNF-a with a decline of IL-1.
The presence of alkaloids, flavonoids, tannins, phenols, steroids, and saponins was confirmed by HP analysis.
The high dose of the HP group shows mild injuries to the gastric mucosa, which is comparable to the
esomeprazole group. In contrast, severe damages are observed in the gastric mucosa of the ulcer control rats
group. In silico results revealed that Amentoflavone and Quercitrin have the highest affinity and good
interactions with Hp/Kp ATPase a active site. This study showed that HP extract is nearly as effective as
esomeprazole to prevent ethanol-induced gastric ulcers, and it has more binding affinity than esomeprazole
to gastric proton pumps. (Sofi et al., 2020)

HP oil preparation is also very often used to treat several types of wounds. Research aimed to accelerate the
healing process of women’s episiotomy wounds and used an HP oil against a saline solution as a control. The
examination showed that HP oil decreased the redness, edema, ecchymosis, and discharge in the episiotomy
wounds. The women using HP oil reported less pain than the control group. In conclusion, HP oil may be an
effective wound care product that may improve the healing of episiotomy wounds. (Cobanoglu and Sendir,
2020)

Another use of HP oil is for scars and incisions. Lavagna et al. Aimed to test a mixture of HP and Calendula oil
on surgical wounds in childbirth with cesarean section. Better results were obtained for this focus group than
for the control group. The surgical wound’s SPA area was reduced by approximately by 37.6% compared to
15.83% obtained in the control group. (Lavagna et al., 2001)

9. PDT

Photodynamic therapy (PDT) is a treatment method using a substance called a photosensitizer, which after
irradiation by light of the appropriate wavelength, interacts with biomolecules or molecular oxygen, resulting
in reactive species production. So far, PDT has been approved for several indications, including cancerous
diseases, but it is not yet part of standard clinical practice, even though it has been through clinical trials for
more than 30 years now. (Ryu et al., 2016)
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For this review, | will most importantly focus on aPDT, but | will also mention the use of hypPDT in cancer
treatment, as it underlines the meaning of these discoveries and is based on the exact mechanism.

1. ANTIMICROBIAL PDT
The most promising and effective seems to be antimicrobial photodynamic therapy (APDT). APDT involves
killing microorganisms with light in the presence of a photosensitizer. The principle of this technique is the
excitation of photosensitizer using light of appropriate wavelength, which in aerobic conditions converts the
sensitizer to its photoactive triplet state, which reacts either with a local substrate (Type | reaction) to form
cytotoxic radicals, or with molecular oxygen (Type Il reaction) to produce cytotoxic singlet oxygen and free
radicals. (Zeina et al., 2003)

Hypericin is a highly potent photosensitizer, with several clinical studies showing high phototoxicity towards
gram-positive bacteria. Nevertheless, as hypericin is highly lipophilic, it makes the application in daily clinical
practice very limited and decreases its medicinal value. A technique called “Liposomal encapsulation “has the
potential to overcome such issues and make hypericin available for daily clinical practice. This study aimed to
improve the photodynamic efficiency of previously used carriers, specifically by entrapping hypericin in the
aqueous compartment of the liposomes. To achieve this goal, water-soluble hypericin complex and (2-
hydroxypropyl)-beta-cyclodextrin (HypHPBCD) were prepared, and after encapsulation in liposomes (DSPC
and DSPC/DPPC/DSPE-PEG) with dehydration-rehydration vesicle (DRV) method, physiochemical
measurements were carried out. As a result, 4.1 log reduction of growth of Staphylococcus saprophyticus
subsp. bovis with DSPC liposomes and 2.6 reductions with DSPC/DPPC/DSPE-PEG liposomes was achieved.
HypHPBCD even exhibited total eradication. (Plenagl et al., 2019)

For years now, it has been known that the growing resistance of bacteria against widely used antibiotics will
cause a great struggle in the future. Therefore alternative sources with antibacterial activity need to be
further researched. As Hypericum perforatum is an anti-inflammatory agent, it has a great perspective of use
against antibiotic-resistant infections. So far, many studies have investigated the antibiotic-like properties of
HP. (Derbentseva N.A. and Robinovich A.S., 1968; Schempp et al., 1999; Schiavone et al., 2013) The reactive
oxygen species created have cytotoxic effects and can induce cell death either by necrosis or apoptosis. (Zeina
et al., 2003)

Due to this issue, the use of PDT is gaining increasing popularity in dentistry on the Treatment of in situ oral
biofilms. HP extract was tested against oral biofilm-forming bacteria (S. sobrinus, L. plantarum, S. mutans, and
E. faecalis), and the MIC values varied from 8 mg/ml to 32 mg/ml. (Suntar et al., 2016)

It was also shown that HP extract had a significant photoactivation potential in PDT with visible light and
water-filtered infrared light at a 32mg/ml concentration. As a result, 100% of all biofilms were eradicated.
(Vollmer et al., 2019)

It was proven that aPDT using hypericin as a photosensitizer could be a potent alternative treatment for oral
biofilms.

The study made by Zeina et al. addresses one of the problems that surround this relatively new technique. If
used in vivo, there is a possibility of destroying the host cells. This study focused on keratinocytes as PDT for
skin anomalies is already widely used. The results showed that aPDT of seven log cycles (sufficient to microbe
reduction) has a little cytotoxic effect on keratinocytes, implying that this method may be an alternative or
adjuvant to antibiotics and antiseptics for microbe-associated skin disease. (Zeina et al., 2003)
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A skin condition called acne vulgaris is one of the most recurring skin conditions, which causes great harm to
the physical and even psychological wellbeing of patients. A study conducted by Barroso et al. examined the
effects of APDT on Propionibacterium acnes biofilms. They created in vitro biofilms in anaerobic conditions
and applied different concentrations of hypericin. The concentrations used were 5 and 15 ug/l and 0.9%
sterile saline solution for control. Samples were irradiated by light energies 3 and 5 J (660 nm, continuous
output, 100 mW, 30 and 50 s, and 100 J/cm2 and 166 J/ cm2, respectively). Then the CFU counting was made,
and it showed a significant reduction of bacterial count in all samples. The most significant inhibition was
seen in the case of 15ug/I hypericin concentration, wherein the case of 3 J energy biofilm was reduced by
14.1%, and in the case of 5] energy, it even was 27.9%. (Barroso et al., 2021)

Another pressing health issue is superficial fungal infections (Lipozencié et al., 2002), caused by dermatophyte
fungi. (Teklebirhan and Bitew, 2015) These fungi consume keratin protein as nutrition, which makes the skin,
hair, and nails the primary site of infection. (Hayette and Sacheli, 2015) One such disease is tinea capitic and
tinea corporis caused by the fungi M. canis. The type of Treatment was PDT with nano encapsulated hypericin
in P123. The antifungal susceptibility demonstrated was 6.25 — 12.5 umol/L P123-Hy-PDT). The Treatment
showed neither skin nor biochemical alteration in vivo. After only three treatment sessions, rapid
improvement was visible, and after six treatment sessions, the mycological reduction occurred. The findings
showed that P123-Hyp-mediated PDT even restored tissue damage caused by infection. (Galinari et al., 2021)

2. HYPPDT FOR CANCER TREATMENT
Hypericin can affect malignant and non-malignant cells on several sub-cellular levels, such as protein
synthesis and distribution or mitochondria structure and function. It can be taken by tumor cells in several
transport ways, including endocytosis, pinocytosis, or passive diffusion. Then it proceeds to the endoplasmic
reticulum and Golgi apparatus, creating reactive oxygen species (ROS), which cause local damage. The level of
this cytotoxic reaction is closely dependent on a light dose and hypericin concentration, and it can result in
either apoptosis or necrosis of tumor cells. (Gamasaee et al., 2018; Mihleisen et al., 2017)

Thyroid cancer is the most common type of endocrine system-related cancers. However, even though HYP is a
known and potent photosensitizer and its antitumor activity was tested and confirmed many times, the
underlying mechanisms o its anticancer effect are not well established yet. Therefore, a study was made to
shed light on these mechanisms using the B-CPAP thyroid cancer cell line (PTC -papillary thyroid carcinoma).

This study indicates that HYP is cytotoxic and induces extrinsic caspase-dependent apoptosis in B-CPAP.
Further, they found that HYP down-regulated four metastasis-related genes in B-CPAP cells, which reduces
the potential of new metastasis being formed. The apoptosis is induced even on very low concentrations, and
even higher concentrations of HYP were well tolerated by fibroblast cells. (Piryaei et al., 2021)

Anaplastic thyroid cancer is the most aggressive form of thyroid cancer, which is less responsive to standard
Treatment because of its complex characteristics. (Lim et al., 2012)A study in mice reports substantial ROS
generation and mitochondrial damage in affected cells when treated with HypPDT. (Kim et al., 2018)

Another cancer type sensitive to HypPDT is colorectal cancer, which is one of the most common human
malignancies. The standard Treatment includes chemotherapy, radiotherapy, and surgery. (Aiello et al., 2019)
The HypPDT was found to exhibit antitumor activity by inducing inhibition of cell proliferation, ROS
generation, apoptosis through caspase -9 and caspase-3, and S phase arrest through CDC25A/CDK2/Cyclin A
pathway. (Hu et al., 2021)

According to a study by Kleemann, HypPDT had achieved similar results as in the studies mentioned above
when treating melanoma. In this study, all the melanoma cells took hypericin and co-localized to the
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endoplasmic reticulum, mitochondria, lysosomes, and melanosomes, but not the nucleus. Light activation of
hypericin induced a rapid, extensive modification of the tubular mitochondrial network into a beaded
appearance, loss of structural details In ER, and resulting in the loss of hypericin co-localization. The opposite
thing happened to lysosomal-related organelles, suggesting a possible connection between these organelles
and HypPDT resistance. Specifically, pigment-carrying organelles called melanosomes have recently been
implicated in drug trapping, chemotherapy, and HypPDT resistance.

Nevertheless, HypPDT was able to kill both unpigmented and pigmented melanoma cells. The Treatment
resulted in extrinsic and intrinsic caspase-dependent apoptosis and caspase-independent apoptosis, not
including apoptosis-inducing factors. (Kleemann et al., 2014)

HypPDT is a promising new technique, though it is not without any side effects as hypericin is a potent
photosensitizer after its intravenous application, and systemic distribution patients have to avoid light to
reduce the risk of photosensitive reaction. A study was made that aims to control the localization of HYP
during HypPDT via Magnetic Drug Targetting (MDT). HYP particles were loaded on superparamagnetic iron
oxide nanoparticles and then guided to the desired spot using an external magnetic field. Results of this study
were promising, even though the uptake of SPION/Hyp complex was slowlier than of hypericin alone. This
could be handled by investigating the connection between hypericin concentration and light illumination time
and finding the best ratio. (Mihleisen et al., 2017)

The mechanism of HypPDT through the creation of ROS and induction of apoptotic pathways, via both
extrinsic and intrinsic caspase-dependent ways along with suppression of metastasis-related or viral
transcription, was also studied by Barathan and Xu.(Barathan et al., 2013; Xu et al., 2019).

All these studies establish a general understanding of this treatment technique, but more studies need to be
done to clarify differences observed in the obtained results.

10.DiscussiON/CONCLUSION

As stated above, Hypericum perforatum L. exerts strong activity against many types of pathogens. In the age
of bacterial resistance against antibiotics, alternative treatment methods will be the center of many studies.
Future studies should focus on the functional mechanism of all metabolites together{Citation}, as well as on
specific molecules such as hyperforin or hypericin. Safety and standardization of clinical use should also be an
object of future research.

Usage of such findings is extensive, and the end product will reflect the focus group. As provided in this
review, exceptional activities of this flower can be used in stomatology, medicine, pharmaceutical equipment,
and materials.

HP extract usage is not without side effects, though, as many people might believe because it is an herb
extract. HP can interact with some widely used drugs. It should be known that using HP for Treatment can
cause the failure of Ethinyl estradiol contraceptives due to inducing its metabolism. (Henderson et al., 2002;
Schwarz et al., 2003) Research also suggests that long-term administration of St. John’s wort can result in
diminished clinical effectiveness or increased dosage requirements for all CYP 3A4 substrates, representing
about 50% of all marketed medication. (Markowitz et al., 2003)

HP treatment should not be combined with any type of farmaceutical anti-depressives (unless advised
otherwise by a qualified medical professional) as it could result in serotonin syndrome. (Bent, 2008; Borrelli
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and Izzo, 2009) The usage of herbal products concomitantly with conventional medicine is a widespread
problem that requires further attention from medical professionals.

The photosensitive reaction seems to be the most feared side effect of HP, but it has been found that the
doses used in the Treatment of depression are not high enough to cause such a reaction. (Bilia et al., 2002) In
the case of HypPDT treatment, this is still a concern, and it requires further attention and alternative
solutions., like MDT, for example.

We have provided evidence, that could explain inconsistency of statements about clinical effect of HP based
medicine. This explanation is applicable for trials made in 1960s by Eko but also to other more current case
studies. Instability of metabolites, especially hyperforin is an issue which should be addressed in the future. It
also offers a new perspective in evaluating natural medicine in general, as many products might be facing the
same issue.
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