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1H-NMR spektroskopia a dediļn® poruchy metabolizmu - deficit 

Guanidinoacet§t metyltransfer§zy 
¦ƘƭƛŀǊƛƪƻǾł LΦ1, aŀǘǳƭƻǾł aΦ1Σ .ŜƘǵƭƻǾł 5Φ2Σ ~ŀƭƛƴƎƻǾł !Φ2Σ YƻƭƴƝƪƻǾł aΦ3Σ ~ŀƭƛƎƻǾł WΦ4Σ tƻǘƻőƶłƪƻǾł ]Φ4 

 

1/ŜƴǘǊǳƳ ƎƭȅƪƻƳƛƪȅΣ /ƘŜƳƛŎƪȇ ǵǎǘŀǾ {AV, Bratislava 
2Oddelenie ƭŀōƻǊŀǘƽǊƴŜƧ ƳŜŘƛŎƝƴȅΣ 5Ŝǘǎƪł Ŧŀƪǳƭǘƴł ƴŜƳƻŎƴƛŎŀ ǎ poliklinikou, Bratislava 
3Yƭƛƴƛƪŀ ŘŜǘǎƪŜƧ ƴŜǳǊƻƭƽƎƛŜΣ 5Ŝǘǎƪł  Ŧŀƪǳƭǘƴł  ƴŜƳƻŎƴƛŎŀ ǎ poliklinikou, Bratislava 
45Ŝǘǎƪł Ŧŀƪǳƭǘƴł ƴŜƳƻŎƴƛŎŀΣ YƻǑƛŎŜ 

Dediļn® poruchy metabolizmu (DPM) s¼ ochorenia, ktorĨch pr²ļinou je geneticky 

podmienen§ porucha funkcie enzĨmu ļi transportn®ho prote²nu. V poslednĨch rokoch bol 

pozorovanĨ vĨznamnĨ pokrok v diagnostike tĨchto ochoren². CelkovĨ poļet DMP vzr§stol ,v 

s¼ļasnosti je zn§mych viac neģ 1000 dobre definovanĨch ochoren² a z d¹vodu vzniku novĨch 

por¼ch v metabolickĨch dr§hach s¼ neust§le objavovan® Ņalġie ochorenia.  

Prot·nov§ spektroskopia je ġpeci§lna analytick§ technika zohr§vaj¼ca d¹leģit¼ ¼lohu v 

diagnostike niektorĨch dediļnĨch ochoren², ktor® nem¹ģu byŠ stanoven® inĨmi technikami, 

pr²padne m¹ģe v bud¼cnosti nahradiŠ niektor® konvenļn® diagnostick® techniky v 

metabolickĨch skr²ningovĨch laborat·ri§ch.  

Deficit guanidinoacet§t metyltransfer§zy (GAMT) je  pomerne novou skupinou 

dediļnĨch por¼ch spojenĨch so synt®zou  a transportom kreat²nu. Pr²ļinou tohto ochorenia s¼ 

mut§cie na GAMT g®ne, ktorĨ zodpoved§ za tvorbu enzĨmu GAMT, ktorĨ sa podieŎa na 

dvojkrokovej synt®ze kreat²nu z aminokysel²n glyc²n, argin²n a metion²n, v d¹sledku ļoho 

doch§dza k zvĨġenej hladine kyseliny guanid²novej (GAA) v telovĨch tekutin§ch. SpoloļnĨm 

klinickĨm prejavom je ment§lna retard§cia, oneskorenie reļi, epilepsia. HlavnĨm 

biochemickĨm n§lezom je deficit kreat²nu v mozgu in vivo 1H-NMR spektroskopiou. VļasnĨ 

z§chyt tejto skupiny pacientov je veŎmi d¹leģitĨ, pretoģe suplement§cia kreat²nom dok§ģe 

zabr§niŠ neģiad¼cim prejavom a ochr§niŠ mozog pacienta pred poġkoden²m. Pacienti s¼ 

zachyt§van² skr²ningom z moļu pomocou TLC a  kvantifik§cia GAA sa vykon§va pomocou  

GC-MS/MS a najnovġie 1H-NMR spektroskopiou. V 1H-NMR spektr§ch moļu pacientov 

zachytenĨch skr²ningom boli potvrden® diagnostick® sign§ly GAA (singlet CH2 skupiny pri 

3,80 ppm). Pr²prava vzorky na meranie pozost§va v pridan² D2O, intern®ho ġtandardu TSP 

a ¼pravy pH vzorky. 

 

 

 

PoŅakovanie 

T§to publik§cia vznikla vŅaka podpore v r§mci operaļn®ho programu VĨskum a vĨvoj pre 

projekt Centrum excelentnosti pre glykomiku, ITMS 26240120031, spolufinancovanĨ zo 

zdrojov Eur·pskeho fondu region§lneho rozvoja. 



VPLYV CHRONICKħCH ĐĻINKOV DOXORUBICĉNU NA 

ODPOVEDE SRDCA POTKANA VOĻI AKĐTNEJ ISCH£MII. 

MECHANIZMY ZAHRNUT£ V REALIZĆCII ĐĻINKOV 

DOXORUBICĉNU. 

Baranļ²k M., Bartekov§ M., Ivanov§ M., 1Gibalov§ L., 1Ġereġ M.,  2Dovinov§ I., 1Sulov§ Z.  

Đstav pre vĨskum srdca SAV; 1Đstav molekul§rnej fyziol·gie a genetiky SAV; 2Đstav norm§lnej a patologickej 

fyziol·gie SAV, Bratislava, Slovensk§ republika 

 

Doxorubic²n (DOX) patr² medzi antracykl²ny a je ļasto pouģ²vanĨ pri chemoterapii 

n§dorovĨch ochoren². Syst®my ovplyvŔovan® DOX sa podieŎaj¼ nielen na realiz§cii jeho 

protin§dorovĨch, ale i toxickĨch ¼ļinkov, a tak komplik§ciou pouģ²vania DOX je poġkodenie 

viacerĨch org§nov (srdce, obliļky, mozog, peļeŔ). CieŎom naġej ġt¼die bolo charakterizovaŠ 

mechanizmy zahrnut® v realiz§cii ¼ļinkov vyvolanĨch dlhodobĨm pod§van²m DOX na srdce 

potkana, sledovaŠ zmeny v tolerancii sŘdc voļi ischemicko/reperf¼znemu poġkodeniu po 

¼ļinkoch DOX a sk¼maŠ moģnosti ovplyvnenia srdca po ¼ļinkoch DOX pomocou flavonoidu 

kvercet²nu.  

V pr§ci sme pouģili samce potkanov kmeŔa Wistar, ktorĨm sme intraperitone§lne 

pod§vali DOX (3 tĨģdne, vĨsledn§ d§vka bola 15 mg/kg). KontrolnĨm zvierat§m bol 

pod§vanĨ fyziologickĨ roztok. Kvercet²n bol pod§vanĨ peror§lne (20 mg/kg hmotnosti tela) 

poļas pod§vania DOX a dva tĨģdne po ukonļen² aplik§cie DOX. SystolickĨ krvnĨ tlak a 

frekvencia srdca boli meran® met·dou neinvaz²vnej pletysmografie. 8 tĨģdŔov od poslednej 

d§vky DOX boli odobran® srdcia pouģit® na sledovanie ischemickej tolerancie (model 

perf¼zie izolovan®ho srdca podŎa Langendorffa) alebo boli rozdelen® na jednotliv® ļasti a 

Ŏav§ komora (ōK) bola pouģit§ na biochemick® analĨzy. Aktivity matrixovĨch 

metaloprotein§z (MMP) boli stanoven® ģelat²novou zymografiou a hladiny/aktiv§cia 

prote²nov Western blot analĨzou s vyuģit²m ġpecifickĨch protil§tok. 

Zistili sme, ģe u zvierat, ktorĨm bol pod§vanĨ DOX doch§dzalo k zvyġovaniu 

systolick®ho tlaku krvi a tieto ¼ļinky DOX boli redukovan® aplik§ciou kvercet²nu. Pri 

sledovan² zmien v hladin§ch ABC transport®ra P-glykoprote²nu (P-gp) sme zistili, ģe 8 

tĨģdŔov po aplik§cii je v ōK srdca zvierat ovplyvnenĨch DOX zvĨġenĨ obsah mRNA, ktor§ 

je produktom g®nu mdr1B. Ide o g®n, ktorĨ k·duje prote²n ABCB1B, t.j. P-gp. Za ¼ļelom 

zistenia ¼lohy niektorĨch prote²nkin§z (MAPK, PI3K/Akt) v procesoch s¼visiacich s vĨvinom 

¼ļinkov DOX sme sledovali v ōK zmeny v hladin§ch a aktiv§cii tĨchto prote²nov. Zistili sme, 

ģe DOX nemal vĨznamnĨ vplyv na hladiny a aktiv§ciu extracelul§rnym sign§lom-

regulovanĨch kin§z a c-Jun-N-termin§lnych kin§z. V pr²pade Akt kin§zy sme zistili, ģe 

chronick® ¼ļinky p¹sobenia DOX boli po 8 tĨģdŔoch spojen® so zvĨġenou ġpecifickou 

fosforyl§ciou Akt kin§zy na Ser473, priļom t§to fosforyl§cia odr§ģa aktiv§ciu tohto enzĨmu.   

Vplyv chronickĨch ¼ļinkov DOX na odpovede srdca voļi ak¼tnej isch®mii sme 

sledovali na modeli izolovan®ho perfundovan®ho srdca potkana. VĨznamn® zmeny v 

ischemickej tolerancii sme pozorovali u zvierat, ktorĨm bol pod§vanĨ kvercet²n, priļom k 

vĨznamn®mu zlepġovaniu postischemickej obnovy parametrov kontraktility (+dP/dtmax a -

dP/dtmax) a LVDP doch§dzalo hlavne u potkanov ovplyvnenĨch DOX. Z hŎadiska 



sledovania molekul§rnych mechanizmov bolo zauj²mav® zistenie, ģe zmeny v ischemickej 

tolerancii boli spojen® so zvĨġen²m aktiv§cie Akt kin§zy a zn²ģen²m prote²novĨch hlad²n a 

aktiv²t MMP-2. 

VĨsledky poukazuj¼ na to, ģe v nami sledovanom modeli p¹sobenia DOX na srdce 

potkanov m¹ģe maŠ aplik§cia kvercet²nu pozit²vne ¼ļinky, ktor® sa vġak vo vªļġej miere 

prejavuj¼ aģ po vystaven² sŘdc ak¼tnej ischemicko/reperf¼znej z§Šaģi. Mechanizmy 

zodpovedn® za tento ochrannĨ ¼ļinok m¹ģu zahŘŔaŠ aktiv§ciu sign§lnej dr§hy Akt kin§zy, 

potl§ļanie MMP-2 a modul§ciu ABC transport®rov (P-glykoprote²n). 
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Protein kinase pathways, such as MAPKs and PI3K/Akt, have different functions in the 

animal cells and they play an important role in the stress responses and in processes of cell 

survival and death. Targeting of components of these pathways with pharmacological agents 

of high potency and specificity can help to establish the impact of specific kinases on cellular 

functions. Pharmacological inhibition of MAPK and PI3K/Akt kinase signaling we used for 

assessing of the role of specific protein kinases in modulation of cardiac function during 

ischemia/reperfusion and in processes of pathological remodeling in cellular and animal 

models. Results of studies showed that activation of ERKs, members of MAPK family, plays 

an important positive role in preventing of myocardial necrosis and apoptosis. This 

impression was supported by studies using specific ERK pathway inhibitors, like PD98059 

and U0126. The role of p38-MAPK pathway was studied using pharmacological inhibitor of 

this kinase pathway, pyrimidyl imidazole derivative SB203580 (SB). In rat hearts the 

treatment with SB reversed the protective effects of ischemic preconditioning (IP)-mediated 

cardioprotection. However, these effects of SB were not observed in pig myocardium. The 

contradictive results suggest that p38-MAPK has ambiguous character in heart with both 

protective and detrimental effects. LY294,002 (LY) is a specific inhibitor of PI3K/Akt kinase 

pathway which is a key signaling system implicated in cell survival and metabolic control in 

various cell types. The application of LY in rat myocardium was connected with inhibition of 

IP-mediated Akt kinase activation and modulation of matrix metalloproteinase-2 (MMP-2) 

activities. The obtained results point to possible relationship between Akt kinase and 

modulation of MMP-2 activities in cardioprotective mechanisms of IP. To the relationship 

between Akt kinase pathway and modulation of MMP-2 activities point also data obtained in 

rat hearts influenced by doxorubicin. Application of LY was also found to reduce the degree 

of vincristine (VCR) resistance in L1210/VCR cells and the drug resistance reversal effects of 

LY were accompanied with its influence on VCR-induced apoptosis. 
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Antracykl²n doxorubic²n (DOX) je lieļivo ļasto pouģ²van® pri chemoterapii n§dorovĨch 

ochoren². Komplik§ciou pri pod§van² DOX s¼ jeho toxick® ¼ļinky na srdce spojen® s 

vĨvinom kardiomyopati², ktor® ļasto ved¼ aģ k zlyhaniu srdca. CieŎom naġej ġt¼die bolo 

sledovaŠ zapojenie matrixovĨch metaloprotein§z (MMP) do procesov vyvolanĨch dlhodobĨm 

pod§van²m DOX na srdce potkana. V pr§ci boli pouģit® potkany kmeŔa Wistar, ktorĨm bol  

intraperitone§lne pod§vanĨ DOX. Antracykl²n bol aplikovanĨ v 7 d§vkach a jeho celkov§ 

kumulat²vna bola 15 mg/kg hmotnosti. Kontrolnej skupine bolo podanĨch 7 d§vok 

fyziologick®ho roztoku. Po poslednej d§vke DOX boli potkany ponechan® na ģive eġte 4 

alebo 8 tĨģdŔov.  

U potkanov, ktorĨm bol aplikovanĨ DOX, boli na ¼rovni Ŏavej komory (ōK) pozorovan® 

viacer® ġtruktur§lne zmeny, ktor® s¼ charakteristick® aj ako markery kardiotoxicity 

antracykl²nov. Zistili sme, ģe DOX indukoval heterog®nne subcelul§rne zmeny 

charakterizovan® degener§ciou a/alebo stratou myofibr²l, cytoplazmatickou vakuoliz§ciou 

kardiomyocytov, ġtruktur§lnou disorganiz§ciou extracelul§rneho priestoru v ōK. Vġetky 

zmeny sa objavovali uģ 4 tĨģdne po pod§van² DOX, ich intenzita a z§vaģnosŠ bola eġte viac 

zvĨraznen§ po 8 tĨģdŔoch. U potkanov, ktorĨm bol aplikovanĨ DOX, boli, predovġetkĨm po 

8 tĨģdŔoch, pozorovan® vĨrazn® ġtruktur§lne zmeny na ¼rovni extracelul§rnej matrix. Tieto 

ġtruktur§lne zmeny pozorovan® na ¼rovni ōK po dlhodobom p¹soben² DOX pravdepodobne 

s¼visia so zistenou zvĨġenou aktivitou 72-kDa formy matrixovej metaloprotein§zy-2 (MMP-

2). K vĨznamn®mu zvĨġeniu aktivity doġlo u zvierat DOX-8, priļom zmeny v aktivite neboli 

spojen® so zmenami v prote²novĨch hladin§ch tohto enzĨmu, ani so zmenami v hladin§ch 

endog®nneho tkanivov®ho inhib²tora MMP ï TIMP-2. Zmeny v aktivit§ch tkanivovej 72-kDa 

MMP-2 boli spojen® taktieģ so zmenami v aktivit§ch MMP uvoŎnenĨch do cirkul§cie. Zistili 

sme, ģe v plazme zvierat ovplyvnenĨch ¼ļinkami DOX doch§dza k zvĨġeniu aktiv²t 72-kDa 

MMP-2, ako aj MMP-9, a to uģ 4 tĨģdne po aplik§cii DOX, priļom ¼ļinok DOX na 

zvyġovanie aktiv²t cirkuluj¼cich MMP pretrv§val aj po 8 tĨģdŔoch. K aktiv§cii 72-kDa formy 

MMP-2 doch§dza predovġetkĨm ¼ļinkom radik§lov a preto bolo z hŎadiska sledovania 

mechanizmov podieŎaj¼cich sa na ¼ļinkoch DOX v r§mci ōK d¹leģitĨm zistenie, ģe 

chronick® ¼ļinky DOX boli 8 tĨģdŔov po ukonļen² jeho pod§vania spojen® so zn²ģenou 

aktivitou superoxid dismut§zy, d¹sledkom ļoho bol viac ako 2-n§sobnĨ n§rastu hladiny 

superoxidu. Naviac, uģ 4 tĨģdne po aplik§cii DOX (DOX-4) doġlo v ōK k indukcii 

prote²novej expresie indukovateŎnej formy NO synt§zy (NOS2) a tieto zmeny pretrv§vali aj 

po 8 tĨģdŔoch. Pozorovali sme, ģe 8 tĨģdŔov po podan² poslednej d§vky DOX bol vĨznamne 

zn²ģenĨ taktieģ celkovĨ antioxidaļnĨ status buniek tkaniva ōK.  

Z²skan® vĨsledky poukazuj¼ na zapojenie matrixovĨch metaloprotein§z, hlavne 72-kDa 

MMP-2, do procesov vyvolanĨch ¼ļinkami dlhodob®ho p¹sobenia DOX. Jav² sa tieģ, ģe 

pozorovan® zmeny v aktivite 72-kDa formy MMP-2 po aplik§cii DOX s¼visia so zistenĨmi 



zvĨġenĨmi hladinami superoxidu a zvĨġenou produkciou oxidu dusnat®ho (v d¹sledku 

pozorovanej indukcie NOS2). 
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Đvod:  PeļeŔ je hlavnĨm org§nom biotransform§cie organizmu ļloveka a zvierat. 

VĨznamnou mierou sa podieŎa na metabolizme endog®nnych a exog®nnych l§tok vr§tane 

liekov a inĨch xenobiot²k. PeļeŔ zohr§va d¹leģit¼ ¼lohu v metabolizme z§kladnĨch ģiv²n 

organizmu, bielkov²n, sacharidov a lipidov, ale m§ aj d¹leģit¼ ¼lohu v metabolickĨch 

a detoxikaļnĨch procesoch organizmu.  

V peļeni sa tvoria a detoxikuj¼ reakt²vne formy kysl²ka (RFK). RFK s¼ vo vġeobecnosti 

nest§le, vysoko reakt²vne a energetick® molekuly, ktor® s¼ kr§tky ļas schopn® samostatnej 

existencie. RFK alebo voŎn® radik§ly sa v biologickom syst®me m¹ģu tvoriŠ prooxidat²vnymi 

enzĨmovĨmi syst®mami, lipidovou oxid§ciou, oģiaren²m, z§palom, chemickĨmin l§tkami 

zneļisŠuj¼cimi ovzduġie atŅ. Klinick® ġt¼die potvrdili, ģe reakt²vne formy kysl²ka zohr§vaj¼ 

d¹leģit¼ ¼lohu v patogen®ze degenerat²vnych a z§palovĨch ochoren², ateroskler·zy, astmy, 

reumatoidnej artrit²dy a n§dorovĨch ochoren². 

Reakt²vne metabolity kysl²ka sp¹sobuj¼ poġkodenie biologicky vĨznamnĨch molek¼l 

prevaģne tĨm, ģe ich oxiduj¼. Pre aer·bny ģivot je charakteristick§ neust§la tvorba 

a detoxik§cia. Zachovanie integrity bunky a  j e j fyziologickĨch funkci² vyģaduje rovnov§hu 

syst®mov prooxidant-antioxidant. Trval® naruġenie tejto rovnov§hy v prospech prooxidantov 

m§ za n§sledok hromadenie oxidaļne poġkodenĨch biomakromolek¼l, ļo m¹ģe vy¼stiŠ do 

patologick®ho stavu. Tak®to trval® naruġenie rovnov§hy sa nazĨva oxidaļnĨ stres. OxidaļnĨ 

stres je charakterizovanĨ ako poruġenie rovnov§hy medzi vznikom RFK a schopnosŠou 

biologick®ho syst®mu zneġkodŔovaŠ vzniknut® reakt²vne medziprodukty, pr²padne 

odstraŔovaŠ vĨsledn® poġkodenia bunky. Antioxidanty s¼ l§tky, ktor® buŅ priamo alebo 

nepriamo chr§nia bunky proti nepriaznivĨm ¼ļinkom xenobiot²k, lieļiv, karcinog®nov 

a toxickĨch radik§lovĨch reakci². 

CieŎom pr§ce bolo sledovaŠ ¼ļinky stobad²nov®ho deriv§tu SMe1EC2 v oxidaļnom strese, 

ktorĨ sa idukoval tert-butylhydroperoxidom (t-BHP). 

Metodika: Hepatocyty sa izolovali dvojstupŔovou perf¼ziou enzĨmom kolagen§zou. 

V experimentoch sa pouģili potkany-samce kmeŔa Wistar, ktorĨm sa v pentobarbitalovej 

anest®ze otvorila bruġn§ dutina v linea alba. Po hepariniz§cii do v®na iliolumbalis dextra sa 

kanylovala port§lna ģila a peļeŔ sa pripojila na mimotelovĨ perf¼zny syst®m a in situ sa 

perfundovala perf¼znym bezkalciovĨm roztokom. Po 10-12 min¼tovej otvorenej jednocestnej 

perf¼zii sa peļeŔ perfundovala perf¼znym m®diom s obsahom 0,05% enzĨmu kolagen§zy, 

ktorĨ v priebehu 15 min¼t rozpustil interstici§lny kolag®n a hepatocyty sa uvoŎnili do m®dia. 

ParenchĨmov® hepatocyty sa z²skali trojn§sobnou diferenci§lnou centrifug§ciou a 

premĨvan²m. Prim§rna suspenzia izolovanĨch hepatocytov sa nariedila na z§sobn¼ 

koncentr§ciu 40.106/ml a drģala sa na Ŏade aģ do pouģitia v experimente.  

Hepatocyty sa inkubovali v CO2 inkub§tore pri teplote 37ÁC na kultivaļnĨch 

platniļk§ch na rotaļnej trepaļke v celkovom objeme Krebs-Henseleitovho roztoku 5 ml.  Ako 

modelov§ l§tka sa na indukciu oxidaļn®ho stresu v syst®me izolovanĨch hepatocytov pouģil t-

BHP, ktorĨ sme aplikovali v koncentr§ci§ch 0,5 mM; 1,0 mM a 2,0 mM. PyridoindolovĨ 

deriv§t stobad²nu SMe1EC2 sa aplikoval 10 min¼t pred podan²m t-BHP v koncentr§ci§ch 



0,01; 0,1 a 1,0 mM. Po 60 min¼tovej inkub§cii  sa z testovanej suspenzie odobral aliquot 1 ml 

na centrifug§ciu. V supernatante sa stanovil intracelul§rny enzĨm lakt§tdehydrogen§za 

(LDH). Vitalita hepatocytov sa stanovila kombinovanĨm fluorescenļnĨm farben²m zmesou 

akrid²n-oranģ/et²dium bromid  a  prepar§ty sa sn²mali mikroskopickou digit§lnou kamerou 

Moticam 1000. 

VĨsledky a diskusia: Ako modelov§ l§tka sa na indukciu oxidaļn®ho stresu v syst®me 

izolovanĨch hepatocytov pouģil tert-butylhydroperoxid (t-BHP). Referencie v odbornej 

literat¼re ud§vaj¼ r¹zne koncentr§cie, ktor® sa pouģ²vaj¼ na vyvolanie oxidaļn®ho stresu. 

Z tohoto d¹vodu sa v tejto pr§ci pouģili t-BHP v koncentr§ci§ch 0,5 mM; 1,0 mM a 2,0 mM. 

Z§znamy fluorescenļnej mikrografie poukazuj¼ na vĨrazn® zmeny preģ²vania hepatocytov 

vplyvom p¹sobenia t-BHP v priebehu 60 min¼tovej inkub§cie. Vitalita kontrolnej suspenzie 

hepatocytov bola vģdy viac ako 95%, po 60 min¼tovej inkub§cii pri koncentr§cii 0,5 mM t-

BHP sa zn²ģila na 78%,  pri konc. 1,0 mM t-BHP sa zn²ģila na 60%  a pri konc. 2,0 mM t-

BHP sa zn²ģila na 52 %. Predinkub§ciou hepatocytov stobad²novĨm deriv§tom SMe1EC2 sa 

v z§vislosti od koncentr§cie zn²ģilo uvoŎŔovanie LDH:  

                                                                0,01 mM ï 4,90 Õkat/l   

                                                                0,1 mM ï 3,49  Õkat/l 

                                                                1,0 mM ï 1,15  Õkat/l 

Protekt²vny ¼ļinok SMe1EC2  v oxidaļnom strese izolovanĨch hepatocytov sa prejavil: 

    - zvĨġen²m vitality izolovanĨch hepatocytov 

    - zn²ģen²m uvoŎŔovania LDH  

 

Z§ver:  

Z vĨsledkov priazniv®ho p¹sobenia pyridoindolov®ho deriv§tu stobad²nu l§tkou SMe1EC2  

v syst®me izolovanĨch hepatocytov potkana v oxidaļnom strese indukovanom t-BHP a  z  

vĨsledkov, ktor® sa z²skali v tejto pr§ci moģno vyvodiŠ z§ver, ģe hepatoprotekt²vne ¼ļinky 

stobad²nov®ho deriv§tu SMe1EC2  spoļ²vaj¼ v inhib²cii oxidaļn®ho poġkodenia. 

Syst®m izolovanĨch hepatocytov sa uk§zal vhodnĨm syst®mom na ġt¼dium funkļnĨch 

glykomickĨch ġtrukt¼r. 
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Viacliekov§ (multidrug) rezistencia predstavuje fenom®n, vŅaka ktor®mu sa 

neoplastick® bunky st§vaj¼ rezistentn® voļi p¹sobeniu nielen jedn®ho lieļiva, ale ġirokej ġk§le 

lieļiv s r¹znou ġtrukt¼rou, farmakologickĨmi vlastnosŠami a mechanizmom ¼ļinku. Jednou 

z najļastejġ²ch pr²ļin je zvĨġen§ expresia integr§lneho prote²nu, nach§dzaj¼ceho sa 

v plazmatickej  membr§ne:  P-glykoprote²nu (P-gp). P-gp, ktorĨ patr² medzi ABC 

transmembr§nov® transport®ry, funguje ako energeticky z§visl§ efluxn§ pumpa a v multidrug 

rezistentnĨch bunk§ch sa podieŎa na elimin§cii cytotoxickĨch l§tok z bunky. Transportn¼ 

funkciu Pgp moģno ovplyvniŠ skupinou l§tok, nazvanĨch chemosenzitiz®ry, medzi ktor® 

patria aj deriv§ty xant²nov. V predch§dzaj¼cich pr§cach bola zisten§ schopnosŠ metylxant²nu 

ï pentoxifyl²nu (PTX) potl§ļaŠ rezistenciu u P-gp pozit²vnej L1210/VCR bunkovej l²nie. Pre 

lepġie objasnenie ¼ļinku PTX sme sledovali jeho vplyv na enzĨmy zohr§vaj¼ce d¹leģit¼ 

¼lohu v regul§cii apoptotickĨch odpoved² bunky na modeli leukemickĨch buniek L1210 

(senzit²vna, P-gp negat²vna l²nia) a L1210/VCR (rezistentn§, P-gp pozit²vna l²nia). Zistili sme, 

ģe p¹sobenie PTX (0.1 mmol/l) vyvol§va downregul§ciu P-gp v L1210/VCR na prote²novej 

¼rovni, zvyġuje citlivosŠ P-gp pozit²vnej l²nie na vinkrist²n (Obr. 1).  
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Obr. 1. Ovplyvnenie hlad²n P-gp bunkovej l²nie L1210/VCR pentoxifyl²nom (100 Õmol/L) v pr²tomnosti (1.2 

Õmol/L) a nepr²tomnosti VCR, poļas 24 hod²n. Prote²nov® hladiny P-gp a GAPDH boli stanoven® met·dou 

Western blotu, pouģit²m ġpecifickĨch protil§tok.   

 

Tento fakt koreluje so stimul§ciou apopt·zy (detegovan§ Annexin V-FITC Apoptosis 

kitom) a proteolytickou aktiv§ciou kasp§zy-3 a kasp§zy-9 (urļen§ Western blot analĨzou). 

Zistili sme, ģe pr²tomnosŠ PTX ovplyvŔuje aktiv§ciu Akt kin§zy. Poļas 24 h doġlo 

k vĨrazn®mu zvĨġeniu fosforylovanej formy Akt kin§zy, ļo sa vġak nepotvrdilo, ak bol 

v m®diu pr²tomnĨ aj vinkrist²n (Obr. 2).  
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Obr. 2. Vplyv VCR a PTX na expresiu a ġpecifick¼ fosforyl§ciu Akt kin§zy. Bunkov® l²nie boli ovplyvnen® PTX 

(100 Õmol/L) v pr²tomnosti (1.2 Õmol/L) a nepr²tomnosti VCR, poļas 24 hod²n. Expresia a ġpecifick§ 

fosforyl§cia ( na Ser 473) Akt kin§zy bola stanoven§ met·dou Western blotu, pouģit²m ġpecifickĨch protil§tok.  

 

U rezistentnĨch buniek L1210/VCR bolo pozorovan® vªļġie uvoŎŔovanie matrixovĨch 

metaloprotein§z, hlavne MMP-2, v porovnan² so senzit²vnymi L1210 bunkami. P¹soben²m 

PTX doġlo k jeho zn²ģeniu, ļo sme potvrdili pomocou zymografie a elektrofor®zy. Uveden® 

¼daje naznaļuj¼, ģe PTX ovplyvŔuje citlivosŠ rezistentnej l²nie L1210/VCR na vincrist²n 

downregul§ciou P-gp, stimul§ciou apopt·zy a modul§ciou uvoŎŔovania MMP. 
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Expresia P-glykoprote²nu v  myġ²ch leukemickĨch bunk§ch L1210 

indukuje zmeny v expresii glykoprote²nov obsahuj¼cich kyselinu 

sialov¼.  
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Multidrug rezistencia (MDR) neoplastickĨch buniek je z§vaģnĨm probl®mom pri 

chemoterapii n§dorovĨch ochoren². Ļastou pr²ļinou rozvoja MDR je expresia P-

glykoprote²nu (P-gp). P-gp je membr§novĨ prote²n, transportuj¼ci cytostatik§ von z bunky, 

ļ²m zniģuje koncentr§ciu lieļiv v bunke a tĨm sp¹sobuje zlyh§vanie chemoterapie. Naġim 

modelom P-gp sprostredkovanej MDR je myġia leukemick§ l²nia L1210/VCR z²skan§ 

postupnou adapt§ciou na vinkrist²n (R) a l²nia z²skan§ stabilnou transfekciou plazmidom 

nes¼cim g®n pre ŎudskĨ P-gp (T).V  Predch§dzaj¼cich pr§cach sme zistili pokles hlavn®ho 

substr§tu transglykozylaļnĨch reakci², UDP- sacharidov, v rezistentnĨch bunk§ch. Pozorovali 

sme aj zmeny v spektre a hladin§ch glykoprote²nov na povrchu buniek. V tejto pr§ci sme sa 

zamerali na ġtudovanie interakcie lekt²nov so ġpecifickou vªzbou na kyselinu sialov¼ na 

povrch buniek L1210. Testovali sme tri lekt²nyï WGA (Triticum vulgaris lekt²n), MAA 

(Maackia amurensis lekt²n) a SNA (Sambucus nigra lekt²n).  Zo vġetkĨch testovanĨch 

lekt²nov len WGA mal vĨraznejġ² toxickĨ efekt a to hlavne na P-gp pozit²vne bunky (R,T). 

VĨraznejġiu aglutin§ciu pozorujeme u R a T buniek v porovnan² s parent§lnou l²niou buniek, 

ktor§ neexprimuje P-gp (S) a to vġetkĨmi troma lekt²nmi. Pomocou lekt²n blotov 

s pr²sluġnĨmi lekt²nmi sme zaznamenali zmeny v hladin§ch a tieģ spektre glykoprote²nov 

v membr§novĨch frakci§ch izolovanĨch z S, R a T buniek. Zistili sme vĨraznejġiu vªzbu 

WGA lekt²nu na R a T bunky v porovan² s S bunkami, vĨraznejġie rozdiely vo vªzbe MAA 

a SNA sme nepozorovali. Desialid§cia intaktnĨch buniek neuraminid§zou z Vibrio cholerae 

ovplyvnila vªzbu lekt²nov len minim§lne (obr.1, obr.2, obr.3). Predinkub§cia buniek so sialyl 

lakt·zou zn²ģila interakciu lekt²nov s povrchom buniek podstatne vĨraznejġie ako 

predinkub§cia s kyselinou sialovou (obidve spom²nane l§tky s¼ prirodzen® ligandy 

testovanĨch lekt²nov).  

 

Obr.1: Sledovanie vªzby lekt²nu WGA na povrch buniek po desialid§cii 
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Obr.2: Sledovanie vªzby lekt²nu MAA na povrch buniek po desialid§cii 

 
Obr.3: Sledovanie vªzby lekt²nu SNA na povrch buniek po desialid§cii 
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Are yeast mannans antioxidants comparable with glucans? 

 

S. BystrickĨ,  E. Machov§ 
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Interest is given to polysaccharides isolated from various sources as natural antioxidants. 

Despite of that, mechanism of antioxidant abilities of polysaccharides has not been elucidated. 

Mostly studied water-soluble derivative, carboxymethyl ɓ-D-glucan, protected 

phosphatidylcholine liposomes against peroxidation induced by OHĿ radicals.  Also, the 

radical-scavenging properties of carboxymethyl ɓ-D-glucan studied by electron paramagnetic 

resonance spectroscopy were described. However, failure of carboxymethyl ɓ-D-glucan to 

inhibit oxidative DNA damage induced by OHĿ radicals was also found out. Only a few 

information concerning the antioxidant activities of the second major surface yeast 

polysaccharide, mannan, were published.  

The presented contribution is focused on the study of antioxidant abilities of surface mannans 

obtained from C. albicans serotype A, C. dubliniensis, C. tropicalis and S. cerevisiae using 

liposomes as model for lipid oxidation. This assay includes the peroxidation of 

phosphatidylcholine liposomes caused by OHĿ radicals produced via Fenton's reaction in the 

presence of mannans. As comparing glucan polysaccharides, carboxymethyl ɓ-D-glucan from 

S. cerevisiae (CM-glucan) and pullulan (Ŭ-1,4-; Ŭ-1,6-glucan) were monitored.  

Table 1: The characterization of mannan and glucan polysaccharides and their IC25 values 

Sample IC25 

[mg/mL] 

Mpeak  x 104 Protein [%] Monosaccharide 

composition 

 [%] 

Man    Glc    Gal    GlcNAc 

Mannan C. albicans, ser. A 6,3 19,3 4,9 85,4 5,9 8,7 tr. 

Mannan C. tropicalis 7,1 7,3 0,6 98 1,1 0,9 tr. 

Mannan C. dubliniensis 21,3 7,5 0,9 98,3 1 0,7 tr. 

Mannan S. cerevisiae 43,1 3,4 1,1 96,5 2,6 0,9 tr. 

Pullulan n.d. 4,9 0 100 0 0 0 

CM-glucan S. cerevisiae 6,5 32,5 3,9 2,5 97,5 0 0 

 
IC25 - the concentration of saccharides that provides 25% protection of liposomes against peroxidation with OH. 

radicals 

n.d.* - antioxidant activity did not reached the IC25 value up to maximum concentration used 

tr. - traces of GlcNAc from N-acetylchitobiose bridge 

 

The results revealed the considerable effect of all studied mannans in the protection of 

liposomes against OHĿ radicals. Mannans protected the peroxidation of liposomes in a 

concentration-dependent manner. It seems that the percent of AOA grew with increasing 

concentrations as well as the molecular weights of mannans ( Table 1). The largest mannan 

prepared from C. albicans serotype A (Mp ~ 193 kDa) was the most efficacious antioxidant of 

liposome peroxidation (Fig. 1A, upper line). The smallest mannan from S. cerevisiae (Mp ~ 



34 kDa) prevented the peroxidation of liposomes less than others mannans (Fig. 1A, lower 

line). The IC25 values of  mannans proportionally increased with decreasing of their sizes 

(Table 1). The antioxidant activity of CM-glucan (Mp ~ 325 kDa; IC25 = 2.1 mg/mL) was 

similar to that of C. albicans serotype A mannan, while pullulan did not reached the IC25 at 

used concentrations ( Table 1).  

Polysaccharides are able to coat the surface of liposomes by strong nonspecific binding and 

protective polysaccharide shield on liposome surface builds up.  We suppose that the reason 

of their antioxidant effect could be the protective shield that protects them from attack of OHĿ 

radicals produced in surroundings. It seems that the polysaccharides containing flexible ɓ-

linkages are most effective protector of liposome peroxidation that these ones containing only 

Ŭ-linkages. 
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Do glucans and mannans really scavenge hydroxyl radicals ? 

S. BystrickĨ,  E. Machov§ 
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According to actual notion the antioxidant abilities of polysaccharides are in consequence of 

quenching of OHĿ radicals. To verify this supposition, the radical scavenging activities of 

selected polysaccharides ( C. albicans serotype A and  S. cerevisiae mannans as well as CM-

glucan and pullulan) were investigated by commonly used 2,2-diphenyl-1-picrylhydrazyl 

(DPPHĿ) assay and compared with standard antioxidants (ascorbic acid, Ŭ-tocopherol and 

glutathione). Analyses were performed at triplicate. Scavenging ability (%) = [(A0  - 

Asample)/A0] x 100, where  A0 was the absorbance of control (without sample). Ascorbic acid 

(0.003; 0.007; 0.013 mg/mL), Ŭ-tocopherol (0.009; 0.028; 0.046 mg/mL) and glutathione 

(0.006; 0.029; 0.057 mg/mL) were used as reference scavengers of DPPHĿ radicals. 

 
Fig.   Scavenging activities of  S. cerevisiae mannan (mannan1), C. albicans serotype A mannan (mannan2),  

CM-glucan, pullulan, and natural antioxidants - ascorbic acid, Ŭ-tocopherol and glutathione using DPPHĿ  assay. 

 

Despite of wide concentration range of polysaccharides, their scavenging abilities did not 

exceed 4.2 % (2.7 mg/mL of C. albicans serotype A mannan) resp. 3.4 % (2.7 mg/mL of CM-

glucan). Natural antioxidants used as positive controls quenched at optimal concentrations 93 

% of DPPHĿ radicals (ascorbic acid),  92.6 % (Ŭ-tocopherol)  and 88.5 % (glutathione) 

Seeing that polysaccharides did not scavenge OHĿ radicals, we suppose that the reason of 

their antioxidant effect observed in some assay could be the formation of shields that protect 

detector molecules from attack of OHĿ radicals produced in surroundings.  
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Expresia P-glykoprote²nu inhibuje aktiv§ciu kasp§zy 3 

indukovan¼ cisplatinou v L1210 bunk§ch 
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Multidrug rezistencia (MDR) je jav, kedy sa bunky stan¼ odoln® nielen voļi l§tke, 

ktor§ t¼to rezistenciu vyvolala, ale aj voļi inĨm, ġtrukt¼rne a funkļne odliġnĨm substanci§m 

(substr§tom). JednĨm z najļastejġie ġtudovanĨch mechanizmov MDR je transportn§ pumpa, 

P-glykoprote²n (P-gp), ktor®ho expresia a aktivita predstavuje re§lnu prek§ģku pri ¼ļinnej 

chemoterapii.  

Zamerali sme sa na sledovanie pr²padnĨch rozdielov v apopt·ze indukovanej 

cisplatinou (CisPt, nie je substr§tom pre P-gp) medzi P-gp pozit²vnymi a P-gp negat²vnymi 

L1210 bunkami. P-gp pozit²vne bunky sme z²skali dlhodobou adapt§ciou parent§lnych L1210 

buniek na cytostatikum vinkrist²n (R bunky) alebo transfekciou parent§lnych buniek g®nom 

pre ŎudskĨ P-gp (T bunky). P-gp pozit²vne bunky sa vo viacerĨch biochemickĨch aspektoch 

l²ġia od parent§lnych (S) buniek.  

Zistili sme, ģe R a T bunky s¼ rezistentnejġie na pr²tomnosŠ CisPt, a t§to rezistencia 

nie je ovplyvnen§ inhib²torom P-gp, verapamilom. Bunky po aplik§cii CisPt vstupuj¼ do 

apopt·zy, jej typick® prejavy ako napr. DNA fragment§cia a ultraġtruktur§lne zmeny sme 

pozorovali vo vġetkĨch typoch buniek, avġak cisPt indukuje rĨchlejġ² a vĨraznejġ² vstup do 

apopt·zy pr§ve v P-gp negat²vnych bunk§ch, neģ v P-gp pozit²vnych. CisPt vyvol§va 

vĨraznejġiu aktiv§ciu kasp§zy 3 v S bunk§ch, neģ v R a T bunk§ch (obr. 1).  

 

Obr. 1- Hladina akt²vnej kasp§zy 3 po 24 hodinovom p¹soben² 10 mg/l cisplatiny  

(index Pt) v S, R a T bunk§ch. 

 

CisPt neindukuje zmeny v hladine P-gp. PorovnateŎn® mnoģstvo proapoptotick®ho 

prote²nu Bax a antiapoptotick®ho prote²nu Bcl-2 sme pozorovali v S, R a T bunk§ch, avġak v 
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pr²tomnosti CisPt nastalo vĨraznejġie zn²ģenie prote²nu Bcl-2 v S bunk§ch, na rozdiel od R 

a T buniek.  

Vġetky vyġġie spomenut® zistenia n§m indikuj¼, ģe P-gp, nez§visle od jeho 

transportnej aktivity, vyvol§va zmenu v regulaļnĨch dr§hach buniek, ļo vyvol§ ļiastoļn¼ 

stratu citlivosti na cisplatinu.  
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Glykosyltransferases (GTôs) represent an important group of enzymes involved in the 

biosythesis of N- and O-linked complex oligosaccharides of glycoproteins providing the 

formation of a new glycosidic linkage. They cause significant structural variations in 

biological systems and thereby modulate intermolecular interactions by steric influence and 

lectin bindings. On the other hand, the part of these structural variations, raised by catalytic 

effect of GTôs, contribute to various mammalian diseases that can span from early childhood 

to adult life [1,2]. 

This contribution based on the rational design of the transition state analog inhibitors of the 

GTôs, representing donor UDP-GlcNAc [3], introduces the synthesis of four precursors, 

namely benzyl 2-thio-Ŭ-D-fructofuranoside 1-diethylphosphate (1), its ɓ-anomer (2), and their 

ethyl 2-thio analogues (Ŭ-anomer 3 and ɓ-anomer 4). 

Starting from benzyl or ethyl 2-thio-Ŭ- or ɓ-D-fructofuranosides, respectively [4], sequential 

protection at position C-6 with tert-butyldimethylsilyl group, at C-1 with dimethoxytrityl 

group, at C-3 and C-4 with acetyl groups, followed by detritylation afforded nucleophiles 

having a free OH-group at C-1 [5]. These were coupled with diethyl chlorophosphate to give 

blocked D-fructofuranoside 1-diethylphosphates. The desired precursors 1-4 were finally 

obtained by usual detritylation and deacetylation. 

O

SBn (Et)

OH OH

OH

O
P

O

OEt

OEt O

SBn (Et)

OH OH

OH

O
P

O

OEt

OEt

1 (3) 2 (4)  

 

Acknowledgement 

This contribution is the result of the project implementation: Centre of excellence for 

Glycomics, ITMS 26240120031, supported by the Research & Development Operational 

Programme funded by the ERDF. 

 

References: 

1. Montreuil J., Vliegenhart J.F.G., Schachter H., Glycoproteins I.,1995, Vol. 29A, Amsterdam: Elsevier 

2. Montreuil J., Vliegenhart J.F.G., Schachter H., Glycoproteins and Diseases, 1996, Vol 30, Amst.: Elsevier 

3. Raab M., Kozmon S., Tvaroġka I., Carbohydr. Res., 2005, 340, 1051 

4. Krog-Jensen C., Oscarson S., J. Org. Chem., 1996, 61, 1234 

5. Hirsch J., Ko·ġ M., Tvaroġka I., Chem. Papers, 2009, 63, 329 

mailto:chemhirs@savba.sk


SYNTHESIS OF SOME PRECURSORS OF 

GLYCOSYLTRANSFERASE INHIBITORS  
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Glysosyltransferases are enzymes that catalyst transfer of monosacharidic unit from 

an activated sugar phosphate to an acceptor molecule, usually an alcohol. The result of 

glycosyl transfer can be a monosaccharide glycoside, an oligosaccharide or polysaccharide.  

During oligosaccharide processing, oligosaccharides are converted into hybrid and 

complex oligosaccharides by the addition of N-acetylglucosaminyl (GlcNAc) residues. This 

transfer is catalysed by N-acetylglucosaminyltransferases (GlcNAc-Tôs). In such a transfer, 

the donor of the GlcNAc residue is UDP-GlcNAc while the acceptor is one of the hydroxyl 

groups located at a particular position of a variety of oligosaccharides.1 

Different strategies have been used in order to identify potent inhibitors of 

glycosyltransferases. The main goal of this project is to design of the transition state (TS) 

analogs starting from the donor UDP-GlcNAc. A leading idea of all these TS analogs is a Ă1-

thioñ linker between a mimetic of GlcNAc in TS geometry and a mimetic of the acceptor 

bearing the ɓ-D-psicofuranose backbone with key substituion on postion C-1 by the 

phosphate group and on position C-2 by the thiophenyl group.  

We report here a synthesis of some precursors of glycosyltransferase inhibitors, 

bearing  

D-fructo, D-psico and D-tagato-furanose ring. The synthesis starts from corresponding 

tetrabenzoylated derivative to produce fructofuranose-based inhibitors and from 

diisopropylidene derivatives to give psico and tagato-based mimetics.2 The multiple synthesis 

using standard protective and deprotective procedure gave in all cases precursors, ready to be 

used for the key step of synthesis  - phosphorylation in position C-1.  

A multi-members library of similar compounds can be reached by usage of similar 

synthetic strategy. These compounds will undergo a biological assays on human GnTôs, 

namely (GnT-I, Core2GnT and GnT-V).  
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Pectins are widely used as gelling and thickening agents in food industry and are 

known as valuable dietary fiber components [1]. Pectins can be structurally modified to alter 

their physicochemical properties so that their functional properties can be improved as well as 

novel ones achieved. In this way, they have gained a large impact in pharmacy and medicine 

[2,3]. Besides the types of substitution, the degree of substitution (DS) affects properties of 

the derivatives. DS is normally determined by wet chemistry methods which are destructive to 

the samples, time-consuming and may involve the use of harmful chemical reagents. As 

alternatives, vibrational and NMR spectroscopy are becoming more and more reliable and 

affordable candidates.   

In this study, Fourier transform infrared (FTIR) and 1H- and 13C-NMR spectroscopy 

techniques were used to analyze a set of chemically modified derivatives prepared from citrus 

pectin by the controlled de-esterification of commercial methyl esterified pectin, acetylation, 

amidation and alkylamidation. Distinct vibrations and corresponding chemical shifts of 

functional groups in FTIR spectra and NMR spectra, respectively, were used to determine the 

structural changes introduced by the different modifications. For comparison, the DS of the 

derivatives was determined by chemical methods (alkalimetry, elemental analysis). The 

functional properties of the pectin derivatives were studied in view of the emulsifying 

capability and thermal and thermooxidative stability, which both are important for 

characterizing pectin additives in food, cosmetics and pharmacy. The results will also aid their 

future applications in the characterization of pectic polysaccharides from novel plant sources 

and/or identification of various pectin additives in food products. 
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Synthesis of oligosaccharides related to hemicelluloses of xylan type has been 

developed mainly for characterization of the structural features, physicochemical and various 

functional properties of these natural polysaccharides. 

This contribution describes the synthesis of  two model di- and trisaccharides of xylan 

type, namely p-nitrophenyl 4-O-(2-O-benzyl-ɓ-D-xylopyranosyl)-ɓ-D-xylopyranoside (1) and 

p-nitrophenyl 4-O-[2-O-(methyl 4-O-methyl-Ŭ-D-glucopyranosyluronate)-ɓ-D-xylo-

pyranosyl]-ɓ-D-xylopyranoside (2) in order to serve as the chromogenetic substrates for 

testing of xylanase belongs to the GH5 family. 

The starting point in the synthesis of disaccharide 1 was nucleophile p-nitrophenyl 

2,3-di-O-benzoyl-ɓ-D-xylopyranoside [1] which was coupled with 3,4-di-O-acetyl-2-O-

benzyl-Ŭ,ɓ-D-xylopyranosyl acetimidate (prepared from 1,3,4-tri-O-acetyl-2-O-benzyl-D-

xylopyranose [2]). The final disaccharide 1 was obtained by deacylation of the isolated 

blocked disaccharide from the rection mixture in a good yield. For preparation of model 

trisaccharide 2, related to 4-O-methylglucuronoxylan, the 3,4-di-O-acetyl-2-O-(methyl 2,3-di-

O-acetyl-4-O-methyl-Ŭ-D-glucopyranosyluronate)-Ŭ,ɓ-D-xylopyranosyl acetimidate [3] was 

used as a glycosylating agent in a coupling reaction with p-nitrophenyl 2,3-di-O-benzoyl-ɓ-D-

xylopyranoside. The protected trisaccharide isolated by chromatography after deacylation 

gave aimed 2 in a satisfactory yield. The structure of both model oligosaccharides 1 and 2 and 

also their precursors was confirmed by NMR spectroscopy. 
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Introduction  

Honey possesses antimicrobial properties that are employed at treatment of cold, 

throat ache and influenza, as well as in the treatment of infected wounds in folk and clinical 

medicine. Major antibacterial factors in honey are low pH, high osmolarity, hydrogen 

peroxide and the antibacterial peptide defensin1 (1). Defensin1 is a 51 amino acids-long 

cationic peptide effective against Gram-positive bacteria (2, 3). It seems to be constitutively 

expressed in cephalic hypopharyngeal and mandibular glands of nurses (4, 5), a generation of 

honeybees aged between 5-15 days that produce larval jelly- specific food for the brood. Very 

recently, its expression was also reported in the heads of older honeybees: foragers that collect 

pollen (6).   

The aim of this work was to evaluate the content and actibacterial activity of bee 

defensin1 in honey samples of different botanical origins. 

Materials and Methods 

 

Honey samples were obtained from several regions in Slovakia (Table 1). Commercially 

available manuka honey (UMF 15+), imported from New Zealand, was purchased from 

Natureôs Nectar (Surrey, UK).  

Preparation of honey extracts 

Honey sample (2.5 g) was dissolved in deionized water to a final volume of 5 ml. The liquid 

solution obtained was filtered through a 0.22 Õm PES filter (Millipore, MA, USA) and then 

concentrated by centrifugation at 5000 Ĭ g at room temperature in a Vivaspin 6 concentrator 

tube (Sartorius, Germany), with an exclusion limit of 5 kDa, to a final volume of 500 Õl. The 

Vivaspin retentate was subsequently washed with 5 ml of deionized water and concentrated 

again in a Vivaspin 500 concentrator tube (exclusion limit 5 kDa) to a final volume of 100 Õl.  

Analysis of defensin1 content in honey extracts  

The retentates of the honey samples were electrophoresed on 16,5% Tricine-SDS-PAGE gel 

(7) using a Mini-Protean II electrophoresis cell (Bio-Rad, CA, USA). The proteins were 

transferred onto a 0.1 Õm nitrocellulose WhatmanÑ ProtranÑ membrane (Sigma-Aldrich, UK) 

in 48 mM Tris, 39 mM glycin and 20% methanol using the semi-dry blotting procedure. The 

membrane was blocked for 1 h in a TBST buffer (50 mM Tris-HCl, pH 7.5, 200 mM NaCl, 

0.05% Tween 20) containing 1% BSA (TBST-B buffer) and then incubated overnight with a 

purified rabbit polyclonal antibody against recombinant honeybee defensin1 (Klaudiny et al., 

2012) diluted 1:140 in TBST-B. After washing with TBST, the membrane was incubated for 



2 h in TBST-B buffer containing swine anti-rabbit HRP-linked antibodies (Promega, WI, 

USA) diluted 1:2500. Immunoreactive bands were detected in solution containing dissolved 

SigmaFast 3,3-diaminobenzidine tablets (Sigma-Aldrich, UK) and 0.03 mM NiCl2.  

Determination of antibacterial activity of defensin1 in honey extracts 

Antibacterial efficacy of extracts was evaluated by the radial diffusion assay. Micrococcus 

luteus as a model Gram-positive bacterium, was suspended in 8 ml of 0.7 % (w/v) agar in LB 

broth (at 48 ÁC) at 106 CFU/ml and poured into 90 mm Petri dishes. After solidification, 2 

mm-diameter wells were punched into the agar and a 4 Õl sample was added to each well. The 

antibacterial activity of the samples was compared on the basis of the radius of a clear 

inhibition zone around the wells after 18 h of incubation at 30 ÁC. The results are shown as 

mean values from triplicate measurements. 

Table 1.  Examined honeys 

Honey sample Principal botanical 

origin  

Sample age 

(year) 

Geographic origin in 

Slovakia 

hawthorn Crataegus laevigata 1 Myjava 

sunflower Helianthus annuus 1 Bellova Ves 

honeydew 1 Abies alba Mill  2 Bansk§ Ġtiavnica 

honeydew 2 Abies alba Mill  2 Bardejov 

honeydew 3 Abies alba Mill  1 Star§ Voda 

acacia 1 Robinia pseudoacacia 1 Myjava 

acacia 2 Robinia pseudoacacia 1 Ġahy 

 

Results and discussion 

The content and activity of defensin1 were examined in honey extracts- ultrafiltration 

retentates (>5 kDa) of honeys in which only substances with higher molecular weight (MW) 

than 5 kDa including defensin1 should be present. By this way, low MW antibacterial 

compounds of honeys were excluded from analyses. The retentates of the eight honey types 

analysed, with various botanical and geographical origins, showed different levels of 

antibacterial activity in the diffusion assay, as well as the differences in defensin1 contents. 

No antibacterial activity was observed in the retentate of manuka honey. The highest 

antibacterial activity exhibited the retentate of hawthorn honey (Fig. 1A).  

Bands of defensin1 with sizes of around 5.5 kDa were detected on the immunoblots using an 

anti-defensin1 antibody for all honey samples except manuka honey. Manuka honey yielded a 

protracted immunoreactive defensin1 band with a higher MW ranging from 20 to 25 kDa 

(Fig. 1B).  

The intensity of defensin1 bands and the antibacterial activities showed partial correlations in 

most retentates of the honey types, except for the inactive manuka honey. The intensity of 

defensin1 did not corresponded well with the activity determined in sunflower and 

honeydew3 honeys. The reason(s) of the observed discrepancies are unknown in the case of 



last two mentioned honeys and they could include an influence of some environmental, 

compositional and storage factors on the defensin1 activity. Differences in the contents of 

defensin1 were also observed among honey samples of the same botanical but different 

geographical origins (acacia and honeydew Abies alba Mill honeys). 

 

Figure 1. Antibacterial activity and content of bee defensin1 in examined honey samples.  

(A) Antibacterial activity of 50% (w/v) water solutions of the honey samples after their 

concentration in the ultrafiltration column (5 kDa MWCO) was determined by a radial 

diffusion assay using M. luteus. (B) Defensin1 was detected by immunoblotting using a 

polyclonal antibody against honeybee defensin1. Five and ten microlitre retentates equivalent 

to 125 and 250 mg of undiluted honey were used for the antibacterial diffusion 

Obtained data document that defensin1 is a regular but quantitatively variable component of 

honeys. It seems that amount of defensin1 in honey depends on the defensin1 production 

capacity of honeybees in colonies which participate on preparation of honey samples. Missing 

antibacterial activity and higher MW of defensin1 in manuka honey result from the 

modification of the peptide by reactive methylglyoxal (see the other contribution to this 

conference). Observed variation in defensin1 content in honeys indicates possible differences 

in a medicinal potency of various honey samples what requires further research. 
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It is well known that 1-deoxymannojirimycin (1,5-dideoxy-1,5-imino-D-mannitol) is 

powerful inhibitor of mannosidase, an enzyme which is considerably widespread in living 

organisms. It inhibits Golgi Ŭ-mannosidase I but not endoplasmic reticulum (ER) Ŭ-

mannosidase. Both N- and O-substitution of 1,5-dideoxy-1,5-iminoalditols and 1,4-dideoxy-

1,4-iminoalditols as well as modification on carbon atoms significantly modulates their 

inhibition potency against enzymes catalyzing sugar transformations [1]. In our previous 

studies, we have prepared some precursors of mannojirimycin analogues via BuchererïBergs 

reaction of the ketone 2 (R = Me, isobutyl) [2ï4]. 
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O O

OCH3
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(R = methyl, isobutyl, butyl, hexyl; R1 = ethyl, butyl, hexyl, cyclohexyl, benzyl)  

Reaction conditions: i) Me2CO, MeOH, HCl; ii ) 70% AcOH; iii ) NaIO4, MeOH; iv) RMgI or RMgBr or RMgCl, 

Et2O or THF; v) PDC, CH2Cl2; vi) aq. HCl, MeOH, H2O; vii) R1NH2, NaCNBH3, MeOH. 

 

Starting from D-mannose, aldehyde 1 (having suitably protected all hydroxyl groups) 

was prepared in three steps by the known procedure (simultaneous 2,3:5,6-di-O-

isopropylidenation and methyl glycosylation, followed by the selective 5,6-O-

deisopropylidenation and periodate oxidation). Subsequent Grignard reaction of 1 and 

oxidation of the obtained mixture of epimeric alcohols gave the ketone 2. In the next steps, 



the protecting groups were removed under acidic conditions, followed by the double reductive 

amination to afford deoxymannojirimycin analogues 3. Reductive amination was unsuccessful 

when R in 2 represented benzyl or o-tolyl. 

The structure of all new compounds was determined on the basis of spectral (1H and 
13C NMR, EI-MS, FTIR) data as well as data of elemental analyses. In addition, the structure 

of ketones 2 (2A, R = benzyl; 2B, R = o-tolyl) was unambiguously established using the 

single-crystal X-ray analysis. 
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Introduction  

Historically, honey has been used in a treatment of the broad spectrum of injuries, including 

wounds, burns and ulcers. Honey offers broad-spectrum antimicrobial properties and it 

promotes rapid wound healing [1]. It has been assumed that the antibacterial action of honey 

has its main impact on the healing process of chronic wounds and burns. 

Since the direct antimicrobial effects of honey were fully characterized in vitro, research has 

focused on identifying the substances responsible for its immunomodualtory effects [2, 3]. 

Epidermal keratinocytes and dermal fibroblasts are key cellular skin components of the 

wound healing cascade and repair process. Alongside macrophages, keratinocytes 

indisputably play a central role in the production of many of the pro-inflammatory cytokines 

[4, 5] that have an important part in the first phase of the wound healing process. Up until 

now, there have been very few studies investigating the effect of honey on keratinocytes or 

cell types other than monocytes and macrophages. The aim of this study was to investigate the 

effect of natural honey on MMP-9 and cytokines production from human epidermal 

keratinocytes. 

Materials and Methods 

Honey 

The desired amount of acacia honey was weight and diluted in PBS. The honey solution were 

made up to 50% (w/v) and rendered sterile by filtration through 0.22 Õm PES filter. All 

experiments were conducted on 1% honey solutions. 

Isolation of keratinocytes 

Skin tissue was cut into small pieces and incubated with 2 U/ml of dispase (Invitrogen, UK) at 

4 ÁC overnight. The epidermis was separated from the dermis with fine forceps and placed in 

3 ml of 0.05% trypsin/0.02% EDTA solution for 15 min. An equal volume of soybean trypsin 

inhibitor (0.25 mg/ml, Sigma-Aldrich, UK) was employed to stop the reaction of trypsin. The 

cells were passed through 100 ɛm sterile gauze, washed and cultured in serum free 

keratinocyte specific growth medium (Invitrogen, UK) according to manufacturerôs 

instruction. 

Real-time PCR 

Total RNA was extracted using RNAeasy Mini kit (Qiagen, UK) from keratinocytes lysed by 

Qiagen lysis buffer, and cDNA was obtained by reverse transcription (Primer Design, UK). 

Approximately 10 ng of cDNA was used per reaction to amplify TNF-Ŭ, IL-1ɓ, TGF-ɓ and 

28S rRNA transcripts using a SYBR-Green PCR assay mastermix and primer sets designed 

by Primer Design (Primer Design, UK). Amplifications were performed in duplicate on an 



iCycler real-time detection system (Bio-Rad, UK) using the following conditions: 95 ÁC for 

10 minutes followed by 40 cycles of denaturation at 95 ÁC for 15 seconds and 

annealing/extension at 60 ÁC for 1 min. Resulting CT values with the various stimuli were 

normalized to 28S rRNA and expressed as relative units (RU) above the vehicle treated 

samples. 

Results and Discussion 

The beneficial effects of honey have been documented not only in humans, but also in animal 

models [1]. Honey stimulates the rate of angiogenesis, granulation and epithelialization in 

animals [6, 7]. 

In this study, acacia honey promoted an up-regulation of mRNA expression for IL-1ɓ and 

TGF-ɓ by twelvefold and eightfold, respectively (Fig. 1b,c). On the other hand, mRNA 

expression of TNF-Ŭ after incubation of keratinocytes with honey was just twofold up-

regulated (Fig. 1a). In addition, honey significantly enhances the mRNA expression of MMP-

9 in primary keratinocytes (Fig. 1d).  

Our results document that honey activates human keratinocytes what is associated with up-

regulation of expression of certain cytokines (TNF-Ŭ, IL-1ɓ and TGF-ɓ) and MMP-9. Further 

studies are needed to reveal another factors and molecular mechanisms participating at 

keratinocytes activation by honey. 

 

Fig. 1 
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A predominant catalyst for chemical reactions occurring in the atmosphere is represented by 

solar light. It is generally admitted that in the atmospheric aqueous phase of clouds the 

reactivity of organic compounds is driven by the presence of free radicals (ÅOH, NO3Å) 

mainly produced by photochemical processes. However, Amato et al. 2007 and Vaµtilingom et 

al. 2010 have recently shown that living and active microorganisms are present in the 

atmospheric water and could play an active role in cloud chemistry.  

Living microorganisms are biocatalysts which could transform organic compounds and a 

biodegradation could thus represent an alternative route to photochemistry in the cloud 

chemistry. The organic compounds present in cloud water such as alcohols, aldehydes and 

carboxylic acids are common intermediates of radical chemistry and microbial central 

metabolism (Figure 1).  

The objective of our project is to study the degradation of methanol and formaldehyde, two 

important atmospheric pollutants by bacteria isolated from clouds. Long term goal of this 

study is to assess the role of microorganisms in atmospheric chemistry of methanol and 

formaldehyde.  

 

Fig. 1 Similarities between methanol degradation by microorganisms and by photochemistry. 

Evolution of concentrations due to methanol and formaldehyde in presence of bacterial cells 

were observed by 1H NMR or 13C NMR spectroscopy. The biodegradation rates of methanol 

and formaldehyde measured from NMR experiments at both 5 ÁC and 17 ÁC by the four 

bacterial strains (Pseudomonas syringae, Pseudomonas graminis, Frigoribacterium sp., 

Bacillus sp.) are reported in Table 1. They are expressed as mole of compound degraded per 

cell and per second.  
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