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Oepancvtikeg [Ipoosyyloeig yia v
Avtyuetwmon ™¢ Hratitidag B

Anuntprog Moidvog, Fewpyia-Mvuptw Mpigtn, Tpnydpng Zwidnc*
ZyoAn Emotnuav Yyeiag, Tunua ®apuakevtikig, Touéas apuakevtiknc Xnuelag, EOviko kat Kamodiotplako
Havemiothuto ABnvav, lMavemiotnuiovmodn Zwypdapov, 15771, Abnva, EXAdda

AEZEIX KAEIAIA:
Hroatitda B; HBV;
Ospaneio; avriika
@appaka; véoL 6Toyol
PAPUAK®V

INEPIAHYH

H Hratitida B cuviotd pa coBapr) Aoipwén Tou 1matog mov o@eiAeTal aTov
10 HBV kat evBivetat yia 800.000 Bavatoug emoiwg. Mapd v vmapén evog
EEALPETIKOV, AoPAAOVG KL ATOTEAECUATIKOV EPLBOAIOV, ATOTEAE EVaL TEPATTLO
TPOPRANUA TayKoopiwg akopn kat onpepa. Ot oUYYpPOVEG EYKEKPLUEVEG
Bepameles kata tou HBV meplapfdvouv mapaywya wtep@epOVNg Kal
VOUKAE0OIOIKA avdAoya. QoTOC0, aUTEG cUVNBWS SV EmITUYXAVOLY TIATPY
QVAGTOAN TNG AVATIHPAYWYTG TOU LoV, 0UTE eEAAENM TG Se€apevnis Tou cceD-
NA pe amotéAeopa TOAAEG POPES va elvat avaykaio 1) cuvexian ™G BepaTeiag
€@’ 0pov {wn¢. 'ETol, n aval)tnon VEwV QAPUAK®Y KOl OTOXWV HE TEAKO
OKOTIO TNV €VPECT] HLAG KATIOTEAEGUATIKIG DEPATIEING» ATIOTEAEL AVTIKEILEVO
EKTEVOUG ETOTNHOVIKNG Epeuvag SleBvwe. XTo apbpo auTd EMyEpELTAL Pl
ETMOKOTNON TWV HEXPL ONUEPA SLHBECIUWY BEPATIEVTIKWV CYNUATWY Kol
TIpovGL&lovTaL Ta OTASLX EKEIVA TOV KUKAOU {w1iG TOU L0V TIOU ATIOTEAOVV
0TOXOUG Yl TNV avamTugn @apudkwv kata tov HBV. Tédog, Tapovaialovral
OPLOUEVVEX AP ILOKOL TIOV EPPAVITAVY LOLXITEPO EVOAPPUVTIKA ATTOTEAETUATOL
TO0O0 in vitro 000 Kat in Vivo, a@NVOVTOG «ovoLXTo Tapabupo» wg Tpog TV
€(00860 TOUG 0€ KAWVIKEG SOKLUES YIO TNV avVaGTOAT] ToL Loy HBV.

*LYTTPADEAX
AAAHAOTPA®IAX:

Tpny6pns Zwidng,
zoidis@pharm.uoa.gr

VaTo, AoV AmOTEAEL Lo attd TIG KUPLEG auLTieg Kip-
PWONG KAl Kapkivou Tou NTatog. ZVp@wva pe Se-

1. Eloaywyn

H Hratitida B amotedel Aoipwén Tov matog mov
o@eiletal otov 16 HBV (Hepatitis B Virus) tng ot-
koyévelas Hepadnaviridae xai petadidetal péow
Tov aipatog (kowng xpriong evbo@A£BLwv BeAdvwy
atd Tofikopaveic ) amd v £yKuo unTépa aTo -
Bpuo) 1 TWV OTEPUATIK®OV VYPWV (YL TTAPASELY
péow oegovaAikng ema@ng)’. Eival eite ofela eite
Xpovia Kol pmopel va o8nynoeL akdOpa KoL 6to 0&-

2

Sopéva tovu lMaykoopiov Opyaviopov Yyeiag (1.0.Y.
- W.H.O.: World Health Organization), o 16¢ HBV mpo-
kaAeoe 887.000 Bavatoug to 20152 evw ekTipdTal
WG TAVW aTd 250 ekatoppdpla dvOpwoL TTayko-
oplwg fovv pe xpovia Hratitida B (CHB: Chronic
Hepatitis B), e to peyaiitepo emidnuiorAoyko @op-
Ti0 va evTOTIETaL OTIG TIEPLOXEG TNG APPLKNG KAL TNG
AvatoAwkng Aciags.
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H mpwt avagopad otnv nmatitida B éywe to
1965 amd TOV VOUTEAIOTA LATPO KOl YEVETLOTY|
Baruch Samuel Blumberg, o omoiog avakdAuvye
oToV 0p06 TOV aipatog Baysvwv ¢ Avotpaiiag To
avTlyovo emupavelag tou Lo HBV (HBsAg: Hepatitis
B Surface Antigen), To omoio ovopaoe apyikd, yl
T0 Adyo auto, «Avtiyovo AvotpaAiag» (“Australia
Antigen”, AusAg)*. Metémelta, To avtly6vo aQuTto ov-
OXETIOTNKE pe TNV Natitida’, TpoTov Slamotwoel
TEAKA 1 UTtapEn 6V0o Eexwplotwv TOTWVY Nratitidag
(A kot B) yuax mpwtn @opd to 1967°.

To avtiyévo empaveiag HBsAg sival exeivo mou
EUTAEKETAL KUPLWG 0TV Aolpwén g nmatitidog B.
'Etol, «amoteAeopatikn Bepameior» oplletot wg 1 emi-
Tevln otabepd petwpévwy eminedwv HBsAg kabwg
kal tikov DNA (HBV DNA) otnv kuvkAo@opia, Tou
umopel va cuvodevovtal amd OpoUETATPOTH, SnAadY|
EUPAVLOT GTOV 0pO TOV A{PATOG AVTICWUATWY anti-
HBs (Hepatitis B surface antibody) oe aviyvebowua
emimeda’. H pelwon avt) oyetifetar pe BeAtiowon
™G KAWIKNG €IKOVAG TOU aoBeVOUG Kol OTUAVTIKA
HEWWUEVT TIOAVOTNTA EMAVEUPAVIONG TNG VOGOU.
‘Eva akOpHa avTlyOvo TOU 10U, TIOU Tapatnprionke
apyotepa, eival to «Avtiyovo e» (HBeAg: Hepatitis B
e Antigen), To omolo gival pio TPWTEIVY 0TOV ECWTE-
PO TUpNVaA ToL L. Ot acBeveis Tov SlaBetouv To
avtyévo avtd koAovvtatr HBeAg-Oetikol (HBeAg-
positive), evw avtiotoya autoi ov Sev to Stabétouvv
kaAovvtal HBeAg-apvntikol (HBeAg-negative)®.

Mapd v Vmapin evdg ao@aAoUG KAl amoTEAE-
opatikoV epforiov?, Sev €xel emiteuyBel péxpt kat
onuepa n gvpeot BePATEVTIKOY GXUATOG TIOV VA
KATAOTEAAEL IKavoTTOMTIKG Tov 10 HBV. 1o dpbpo
auTo, TapovoLdletal o kUkAog {wng Tou v HBY,
ouvvoyiovtatl oL 6N vmapyovoes Bepatmeieg kata
¢ Hratitidag B kat Ta 6npavtikd Toug HELOVEKTH-
pata, KaBws KoL 0L VEOL (PP LAKOAOYLKOL GTOXOL TIOU
aToTEAOVV OTUEPA AVTIKEIUEVO EKTEVOVG ETILOTNHO-
VIKNG LEAETNG, TIPOKELLEVOU VL 081 Y| GOV OTO PAp-
pako mov Ba Bepamevoel TAPWS TNV aobEveL.

2. 0 kUKA0G {w1)g Tov LoV HBV
2.1 Aoun tiko0 cwpati§iov - yeveTiko vAtko

Ta cwpatidia Tov oV HBV, yvwotd kal wg cwpa-
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T{61a Dane (Dane particles)?, £xouv Siapetpo 42nm
Kol elval ekelva oL elvat vTTELOUVVA YIX TNV EPPAVL-
on ™G Aolpwéng!?. AmoteAovvtal amo pa eEwtept-
K1 AtmSikn pepPpavn (paxedog-envelope) pe toug
Tpelg TUTTOUG AVTLYOVWY ETLPAVELXG TOV LoU (HBsAg
N amAd HBs) - pkpd (small: S-HBs), peoaia (middle:
M-HBs) kot peydAa (large: L-HBs) - n omola mept-
BdAAeL To kaPiSLo Tou LoV evTOG TOL OoToioVL Bploko-
vTaL to Likd DNA ka1 tikr) toAvuepdon (Ewova 1).
To yevetikd vAk6 tov HBV gival pepikwgs SikAwvo,
KUKALKO DNA (relaxed circular DNA: rcDNA) urkoug
mepimov 3.200 {evywv Baoewv (3,2 kb). H peyaivte-
pn ato Ti§ Svo aAvoideg KaAeltat pun KwdkN 1 «ap-
Ty () cAvoida kal eival CUUTIANPWUATIKY UE
70 lik6 mRNA, evd 1 HKPOTEPT KWSIKN 1 «OETIKN»
(+) aAvoida avtiotoya (Ewova 2)'. H (-) alvoida
mepAapBavel 4 emikaAvmttopeva yovidia: C, X, P kot
S. To yovidio S kwdikomolel v mMpwTteivn ema-
velag HBsAg kat mepldapfavel 3 SLa@opeTIKEG aA-
AnAouyieg (ORFS: Open Reading Frames) mouv ava-
yvwpilet 1 moAvpepdon (ORF Pre-S1, ORF Pre-S2,
ORF Pre-S) ywx va Eekvijoel TN pHeTaypa@t] Kat £Tot
TPOKVTITOUV 0L 3 SLapopetikoi vTotvToL HBsAg (S-,
M-, L-HBsAg). To yovibio C kwSikoToLel Tnv mupnvi-
K1 mpwtelivy HBcAg kat to avtiyovo-e (HBeAg), to
yovidio P v ik} DNA toAvpepdon kat to yovidio X
™mv mpwTtetvn X (HBX)™.

2.2 Eicobog

0 kUKAoG {wn¢g Tou U NG nratitidag B mepliap-
Bd&vel TOAAQTAG 0TASIA, TO TIPWTO €K TWV OTOIWV
elvawn gioodog Tov 1ov HBV 1 aAAlwg Twv Dane cw-
HatSiwv oTa NTATOKUTTAPA TOU EeVioTh. ApXIKG,
0 10G TPOOKOAAGTAL GTNV KUTTAPLKY] ETTLOAVELX TOV
EevioT| HEow BEGUEVONG TOV HIKPOU avTLyOVouL ETIL-
@avelag (Small HBsAg 11 S-HBsAg) oe mapdyovteg
Tov TeEPLAAUBAvouV TPWTEOYAUKAVEG Belikng NTa-
pivng (HSPGs), 6Twg 1 YAUTILkGvn 5 pe pn €81k kat
XOUUMANG CUYYEVELOG TPOTIO, KOL GTN] GUVEXELA AAAN-
AeTSpA [E TOUG LTTOSOXEIG TOU TILO CUYKEKPLUEVQ
Kot pe VYA ovyyévela. MapdAinia, n ovveon
TOu peyaAov avtiyovou emi@aveiag (Large HBsAg
1 L-HBsAg) otov vmodoxéa €10680v Tou oy HBY,
NTCP 1 TOAUTIETITIS0 GUUUETAPOPEX TAVPOXOAL-

3
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Ewkova 1: To owuatibio tov 100 HBV 1j aAlid¢ Swuatidio Dane (smdvw), cwpatiSia wov Sev umopoiv va mpo-
KaAEo0UV HOAVVOT OTTWS VOUKAEOKAW(SLa ue pdkero mov meptéyovv RNA, ddetot tikol pdikeAot, voukAsokapiSia
Xwpls pdakelo (kdtw) (tpomomoinon amo thv wapamountj [10]).

KoV vatpiov onuatodotel v €icodo Tou 0V 61O
kOTTApo Tov Eeviot. To NTCP ex@paletal el8ikd
0TO NTaP Kol 0€ apyLKO emiTteS0 AerTOUpYEl Yot TNV
TPOGANYT XOAK®OV AAGTWV OTA NTATOKUTTAPN Kol
voTtepa avayvwpiotnke wg vmodoxéag eLl6AS0U Tou
HBV kat apydtepa kot tov HDV'2 Ot aAAnAemidpa-
0€lG LovU-uTodoxéa Bewpeltal 4TI TUPOSOTOVY TNV
€l0080 TOU 10U oTA KUTTAPA HE UNXAVIOUO €vEo-
KutTtapwong. [ipdopateg perétes Stamiotwoav 4Tl
évag vmodoyxéag kwvaong Tupoaoivng, o vmodoxéag
emdeppikov avéntikov mapdayovta (EGFR), evepyo-
motel TV elcodog Tov 100 HBV péow ¢ dpeong ai-
AnAemti§pacmg Tov pe To NTCP®. To tedevtaio, Adyw
™G TOAVTAOKNG Soung Tou, £xel TV SuvaTtoTnTa
TOU OALYOUEPLGHOV, KATAGTAGT 1) OTIO{ TPOTIOTIOL-
&l, avaAOyws o€ TL 0TadLo BplokeTal, TNV IkavoTnTA
Tov va pecoAafel oty €lcodo Tov 1OV 6TO KUTTAPO.
H eico80¢g og kuoTiSila TIoTEVETAL OTL TPOKAAEL OV-
vinén petad tovu Likov meEPIPANHATOS KAl TG KUT-

4

TAPIKNG HEUPBPAVNG TOU KUTTAPOU-EEVIOTT], OUWS O
akpPNg unxaviopos sival akdpa vod Siepedivnon.
To elo0epyOLEVO GTO KUTTAPOTAXGHUA VOUKAEOoKAY(-
Sto, eprapBavovtag kat to rcDNA mov amoteAel To
Lliko DNA, xatevBUvetal otov mupnva pe tn fonbela
TWV UKPOOWANVICKWVY KL ELCEPYETAL GTOV TTUPTIVX
HECW TOU CUUTIAEYLOTOG TWV TIUPNVIKWV TTOpwvIo1L,

2.3 Anuovpyia - Atatijpnon cccDNA

Z1ov Tupnva Tov kKuttapou &evioti, To rcDNA tov
tov HBV tpomomoteitatl amd KutTaplkols Tapayo-
vtegt, H (ikn moAupepdon ouUVSEETAL GTNV TEALKY
TepLTTh aAAnAovyia 6to 5 dkpo ™G peyaAVTEPNS
€K Twv 6V0 aAvcidwv tou SikAwvou rcDNA, g
«apvnTkng, (-)» kat o RNA ekkwntrg (primer) mov
elval éva oAtyovoukAeotiSio RNA, mpookoAAdtat
0710 5’ dkpo ¢ «BeTIKNG, (+)» €K TwV §V0 dAVGiSwv
Tov SikAwvou rcDNA. Otav, Aotmdv, autd amoua-
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Ewxova 2: To yoviSiwua tov 1ov HBV: pepikas SikAwvo kukhiké DNA (rcDNA: relaxed circular DNA) ue 4 emt-

KaAUTTTOUEVA Yovibia.

kpuvBolv, Ta KeVA kal oTtoug §U0 KAWVOUG Yeui-
Tovtat pe ™ BorBela oplopévwv evipwy, OTIWG oL
DNA moAvpepaoes (k kat o), ot DNA Awydoeg (LIG1
kat LIG3) xat ot tomoicopepaoeg I kot I1 (TOP1 ko
TOP2) kat KUKA®VOULV YLot va STULOUPYNOOUV TO
cccDNA, mov ovopdletal covalently closed circular
DNA (10). 'Exouv ava@epBei apketol mapdyovteg
TIOU €UTIAEKOVTAL 0T Sladikacio oXNUATIOUOV TOU
cccDNA, 6mwg éva évlupo emiSLopbwong DNA, 1 pw-
o@odleaotepaom 2 TupocvAiov-DNA (TDP2), n omoia
Bewpeltal 6TL Slaomd TO PWOoPOSIEcTEPIKO Seapd
peta€ moAvpepdaong kat rcDNA og o Sokipaaoio
in vitro'> 19, H ouva@ela tov evivpov autol OUws
pe To oxnuatiopd cccDNA mapapével ap@reydpe-
vn Kot elvat vmd Siepegvvnon. H evdovoukiedon 1
(FEN1) elvat évag akoun TapayovTag ToU AVaQEPE-
TaL 6TL SlaoTa T Soun mTepLyiov oTo 5’ Akpo ™G

apvnTikig (-) aAvoibag Adyw Tou OTL eumAEKETAL
OTNV aVaTapaywYyT Kot emiokeun) Touv DNA tov Eevi-
ot1). H evSovoukAedon FEN1 gyel pla yapoxtnploti-
K1 €181k Soun mTepLYiov, YU auTd Ko §pd pe autd
TOV UNXaVIopOo. Av Kal TAPAUEVEL AYVWOTOG O TPO-
TI0G KL TO onpelo dTov Satnpeitat to cccDNA otov
TUPNVQ, eKelvo BploKeTAL EMIOWUATIKA QAAG glvat
gyyevws otabepd kat y! autd Aettovpyel wg pdTu-
IO Y& TNV HOKPOTIPOBETUT avTLypa@n Tov Lov. M
TPOGEATN avaAvoT £8€1Ee OTL O XpOVOG NN G TOV
cccDNA eivat mepimov 40 nuépeg og kutTapa HepG2
(amoTeAoVV GEPA NTATIKOV KUTTAPWV) TOV UTIE-
PEKPPGAIOVV TO TOAVTIETTIBO TOU CUUHETAPOPER
TaupoxoAkov vatpiov (NTCP)E. BéBaia, oto nmatt-
KO TepLaAAov o xpovog nuilwng tov cccDNA pro-
pel va glval kot peyadltepog, kabwg Exel ektiunOel
O0TL g avBpWTOLG OV VoooUuV amd Nratitida B, o

5
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Ewcéva 3: 0 kvklog {wij¢ Tov 10U HBV. NTCP: sodium-taurocholate co-transporting polypeptide, rc-DNA:

relaxed circular DNA, cccDNA:

covalently closed circular DNA, pcRNA: precore RNA, HBx: Hepatitis B x protein, pgRNA: pregenomic RNA,

HBsAg: Hepatitis B surface antigen, HBeAg:

Hepatitis B e antigen, DSL-DNA: double-stranded linear DNA, HBSP:
Hepatitis B spliced protein(tpomomnoinon amo tnv mapamoumny [80]).

XPOvogs nuidwns tou cccDNA @Tdvel toug 9 pnveg. Ot
avoooaTokpioels, kKaBws katn §1éyepaorn TG KUTOKI-
VNG mapatnpnlnke 0TL AMOTEAOVUV ONUAVTIKA OTA-
Sl otn cuvtpnon tov cccDNA. Tn otaBepdtnTa
Tou cccDNA @avnke va emnpedlouvv apkeTol Tapa-
YOVTEG, OTIWG MLX XTTAULVAon KUTISivng (TtpwTeivn,
OUUTIAOKO ETTEEEPYATLAG TNG ATIOALTTOTIPWTEIVNG B 3,
APOBEC3). H amowko86unon g APOBEC3A kot g
APOBEC3B pufpuitel ™ otabepdtnta touv cccDNA
Kal pmopel va TpokAn0el amd eva éviupo ouleving
™¢ ovpmikitivng E2 L3 (UBE2L3) (10). Z& autd To
otadlo Tov kUKAoL {wnig Tou LY HBV mpaypatomol-
eltatn petatpom] tov rcDNA oe cccDNA Tou xpnot-
HEVEL TEALKG WG TTPOTUTIO YL LK1 HETaypo@n L,
EKT0¢ amd TOV OXNMUATIONO KoL T OUVINPNOoM
cccDNA, éva pépog tou eloepyopevouv HBV DNA ev-
OWUATWVETAL 0TO YoviSiwpa tov Eeviotr). Mia tpo-

6

O@ATN HEAETN KUTTAPLKNG KOAALEPYELAG E8ELEE OTLY
EVOWUATWOT auTh oupBaivel ypriyopa, eviog piag
eBdouadag petd ™ poéAvvon amd tov 16 HBVY. To
evowpatwpévo HBV DNA 8ev €xel ) Suvatotnta
AVTLYPA@NG, AAAG UTTOPEl Vo AELTOVPYNOEL WG TIPO-
TUTIO YLOL TNV TIApaywyn Tou avtlyovou HBs 1y HBsAg
, TO OTtO(0 TILOTEVETAL OTL OXETI(ETAUL UE AVOGOAOYLKT)
avoyxr e8ikr yia HBV kot v avamtuén maboyéve-
ong oxeTWouevng e tov HBV.

2.4 Metaypai) - Zynuatiopuos vovkAsokayibiov

To cccDNA Aettoupyel weg pdTUTIO Yo TN oVVOEeoT
Tou Llikov mRNA%, ypnowomowwvtag v avlpw-
mwvn RNA moAuvpepdon II tou kuttdpou-Eeviot.
Ta RNA Tov mpokUTITouUV amd TN peTaypa®n elvat:
To pregenomic RNA (pgRNA, amd to omoio Tpokv-
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TTOLV 1 TTUPNVIKY TipwTeivn) HBcAg xat n tikr) DNA
moAvpepaon), to pre-core mRNA (petagpdletal
oto avtiyovo-e HBeAg, yvwotd koL wg pre-core
protein), To wkpo, peoaio kat peydio HBsAg mRNA
(ta omola petagpalovtal avtictolya oe S-HBsAg,
M-HBsAg kot L-HBsAg) kat to x mRNA (to omoio
peta@paletal otnv mpwteivn) HBX)Y. [IAN00¢ mapa-
YOVTWV cuppetexouy otn Stadikacio TG petaypa-
eS8, I8aitepa ovolwdNg @aivetal va eivat kat
0 péAog s tpwTteivng HBX, kabwg amevepyomolel
To ovumAoko Smc5/6% (structural maintenance of
chromosomes complex) - To omoio amovoia tng HBX
VOO TEAAEL TN peTaypa@n tov cccDNA - evw elval
amapaiTn cuvoAikd ot Sladikacia avamapoyw-
Y1 TOL 1oV Kat Tn Statpnon ¢ Aoipwéng?t 2,

To mapayouevo amo v petaypa@r] pgRNA ocuv-
Séetal pe v ik DNA moAvpepdon péow pag
aAAntouyiag oto 5’ dkpo Tovu, oxynuatifovtag To
ptBovovkAeompwteivikd cuumAoko RNP (pgRNA-
polymerase ribonucleoprotein complex), To omolo
TEPIKAE(ETAL MO Wl TUPMVIKY TPWTENVN TNV
HBcAg oxnuatifovtag mpwipa voukisokapidia. H
DNA moAvpepdon oT GUVEXELX XPTOLUOTIOLOVTOS
w¢ TpdTuTo To pgRNA KataAvEeL TN oVvBeom TG (-)
aAvcidag Tou rcDNA, 1) oTtola pe ™ oglpa NG Xp1OL-
HEVEL WG TPATUTIO Yl T oVvBeon NG (+) aAvoidag
Kal €tol oxnuatitovtat wpipa DNA voukAeokai-
Swatt, H moAvpepdaon tou 1o HBV gxet StmAd poAo?,
@OV EKTOG ATIO AVTIOTPOEY HETAYPAPAOT] ATIOTE-
Ael koL v povoukAedon H (RNaseH: ribonuclease
H) tov, amopakpivovtag TV TPOTUTI aAvcida Tou
pPgRNA katd ™) oUvBeomn ¢ (-) aAvoiSag® 2+

Ta wplpa voukAeokaPidia, ot ocuvéxela, eite me-
plkAgiovtal amd @akero amoteAovpevo amd HBsAg
Kat eE€PYOVTAL TOU NTATOKUTTAPOU, WOTE VA LOAV-
vouv véa kOTTOpa, gite elgépyovtal Eava otov -
PNV WOTE va avakukAwBel 1) Se€apevi) Touv cccDNA.
Avt 1 ev8okuTtTapikn avakvkAwon 1 omoia Siatn-
pel N Se€apevi) Touv cccDNA oTov TupTvVa TOL NTIA-
TOKUTTAPOV ATIOTEAEL EVOV ATIO TOUG TIAPAYOVTES
oV KaB1oToUV TOG0 BVGKOAN TNV ATIOTEAEGUATIKY
Bepameia TG vOGOL. ATIO TO NTIATOKVTTAPO £E£PYO-
VTalLEMioNG HkpOTEPOU HEYEDOUG cwpaTiSLal’ 0TIwg
adelol likol axedol xwpls vovkAsokayidlo oto
£0WTEPIKO TOUG (subviral particles), voukAeokasi-
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Sla pe @axedo mov mepLEyouv RNA kaBw¢ kat vou-
kAgokaiSia xwpis pdxedo va ta epikAeiet (naked
nucleocapsids) (Ewkova 1), Ta omoia S&v £xouv v
tavoTnTa va LoAvouy dida kuttapa®® (Ewkdva 3).

3. Eykekplpéveg Oepameieg

A¥o katnyopieg Bepamelwv eivat onpepa Stabeotueg
ya v avtipetwomion g Hratitidag B, ta mapa-
ywya wtep@epovns (IFN) kol Ta VOUKAEOGISIKA 1)
voukAeoTiSikd avaioya (nucleos(t)ide analogues:
NAs 1} nucleos(t)ide compounds: NUCs). H wtepe-
povn a (IFN-a) éAafe €ykplom yla TPWTN QOPA TO
1991%, wotdoo 1 TpocOnKn aAvcidwv ToAvatBuAe-
VOYAUKOANG 6TO HopLd TG BeATiwoe onUAVTIKA TA
XAPAKTNPLOTIKA TNG Kl £T0L AVTIKATAOTAONKE TO
2005 amd v PEG-IFN-a. H teAevtaia eival Stabéot-
un onuepa oe Svo pop@és, PEG-IFN-a2a (Pegasys®,
Roche) kat PEG-IFN-a2b (Pegintron®, Merck), ma-
PoUCLALOVTAG KAAVTEPEG (PAPUAKOKLVITIKEG LBLOTN-
TeG Kal avinpévo xpovo nuilwng, kablotwvtag Su-
VOt TN Xopnynom e pia @opa tnv efdopada?’. Xo-
pnyeital ue vrodopla éveon kat n Spaomn g eival,
TOO0O0 Gpeon avTLikn?3, 660 kaL avocoTPOTOTOMTL-
k3L ‘Evag xpovog Bepameiag pe PEF-IFN odnyel oe
opopetatporny HBeAg oto 29-32% twv acBevmv
Kol og otafepd petwpeva enimeda HBsAg oto 3-7%
Twv acbevwy, 24 eBSouddeg peTd TV 0AOKANpw-
on ¢ Bepameiagl. EvroUtolg, eupavifel apketés
avemBOunTeg evépyeleg OMWG CUUTITOUATA Ypi-
MG, KOTWOT], HUEAOKATAGTOAN KAl KATABAWm Kot
avtevSeikvuTal oe aoBEVEIS e NTATIKN AVETAPKELX
Kol Kippwon fratogh 32 Ot mapandvew kabiotovv
Bepameia pe PEG-IFN-a Slaitepa §UokoAn odnyw-
vTag, padl PE To YEYOVOS TIwG Xopnyeltal umodopLa,
0€ UELWUEVT] CUUHOPPWAT] TWV AGOEV®V.

H 8edtepn katnyopla @oappakwv amoteAeltal
amd ta NovkAeootSikd Avaioya (NA) (Mivakag 1)
OV AVAOTEAAOLUV TN SPACTIKOTNTA TOU ev{UHOU
avtiotpoen petaypagaocn (reverse transcriptase)
tou HBV. H 8pactikiy pope1] Twv @apudkwy ou-
TV glval 1 TPLYWOEOPLKT|, TIOU TIPOKVTITEL KATO-
TV WO POPUAIWOTG TOUG ATIO KUTTAPIKEG KIVACES.
Ta TPUPWOEPOPIKA VOUKAEOOLSIKA avaAoya eivatl
UTIOOTPWHATA YO TNV QVTIOTPO@N UETAYPAQAEOT).
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Mivakag 1: Aopég NovkA£00181Ik®wV AvaAGywv Ttov £xouv AdBeL £ykplon yia T Ogpaneia T Hratitidag B.
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Kata 1t Siudpxela TG avtioTpo@ng HETAYPAPNS
mailouv To POAD TWV TEPUATIOTWV TWV AAVGISwY
kat epmodifovv ) ovvBeom T6G0 NG ApvNnTIKNIG (-)
600 kaL NG Betikng (+) o€ TOAKOTNTA KAVGISAG TOV
SikAwvou DNA tou HBV. XopnyoUvtal per os pe
QUPUAKOTEXVIKI] HOP@Y| ToV Slokiov, elte otn Spa-
OTIKI] TOUG HOPEN ELTE WG TIPOPAPUAKA, EXOVV EV-
VOIUKI] PaPUUKOKLVNTIKY XWPI§ YEVIKA TIEPLOPLOUOVG
Slatpong, meploplopévn aAAnAemidpacn @apud-
KOU-apUAaKoL Kat eivatl xaunAov Bapoug Siokia. Ta
NA umopovv va KataoTEAAOUV TNV Lo 0€ KAVIKA
un aviyvevopa enineda oe £wg 76% twv HBeAg (+)
acbevav kal o €wg kat 93% twv HBeAg (-) aoBe-
VOV HETA amd éva £Tog Bepameiag. O yovOTUTIOG TOU
HBV pmopel va emmpedoel v andkpion ota NA, pe
Toug aoBevels yovotutou A kat D va eivat oAU o
mlavo va emtuyovv Bepameia amd Toug acbeveig
Tou yovatumou B kat C étav AapBdvouvv avaioya
Tov tenofovir®3. Avotuxwg, otoug TeAeuTtaiovg, ToO
T0000TO AELTOUPYIKNG Bepameiag Toug elvat <10%
AOyw &V PEPEL QVETIAPKOVG ATIOTEAECUATIKOTTAG
OTOXELONG NTIATOG 1/KAL YAUNAOL @paypol otnv
avtiotaon. H Bepameia pe NA eivat emopévwg oval-
aoTikd Swa Biov, av Kat 0 TEPHATIONOG aVT®V KaBi-
otatal EPKTOG oe oplopevous HBeAg (-) aoBevels.
Oxktw NA €xouv gykplBel xatd Tov 1oV HBY, and ta
oTola Ta TPEXOVTA CUVIOTWUEVA Elval TO entecavir
katta dYo mpo@apuaka tou tenofovir, to disoproxil
kaL to alafenamide’.

To mpwto NA Tov @avnke va elval amodoTiko &i-
vai to lamivudine (Aaptfovdivn, 3 TC, LMV, Epivir®,
Zeffix®, Heptodin®, Hepitec®), to omoio eykpifnke
ot Hvwpéveg MoAtteieg g Apepikng to 19983
kat Aappavetal pia @opd tnv nuépa, pe Alyes ma-
PEVEPYELEG, VIO TOUAGYLOTOV €VA £TOG 1) TIEPLOCO-
Tepo. Tevikd Sev ypnowpomoteital evpéws, emeldn
elval Atyotepo LoYupo ATl To VEOTEPA PAPHAKA
KOl oL TlepLooOTEPOL AoBeVElS avamTioooUV avTo-
XM o€ autd péoa oe éva M 800 xpovias. AeSopéva
OTIO ULX TIOAUKEVTPLKT] TUXQLOTIOMUEVT] EAEYXOUEVN
Sokiun (Randomized controlled trial - RCT) é¢8e1i&av
6tL M Bepameia pe lamivudine yix Sidpeon Sapkela
32,4 pnvov pelwoe TN cuXVOTNTA EUPAVIOTIG NTIO-
TokuTTapKoU Kapkivwuatog (HCC)®S. Axkdun kat
o€ aoBeveig pe kippwon Tov NTatog, n Bepameia pe
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lamivudine €xeL amodeiyBel 6TL pelwvel Tov kivéuvo
HCC, 6mwg @aivetal oe avadpopikrn avaivon yla
238 aoBeveig®t. H BéAtiotn Sidpkela g Bepameiag
HE aUTO TO PAPHAKO EXEL YIVEL BEpa culTNONG Kot
Hloe LEAETT IOV Trpaypatomomfnke amd toug Kwon
et al. 1o 2013% mpoteivel 6TL N Bepameia o aobe-
velg Tov Sev ep@avifouv peTAAAGEELG 0TV TIEPLOXT)
YMDD (tupooivn-pebelovivn-aoTaptapn-oaomapTd-
un) Uopei va GUVEXLOTEL VIO TIAV W ATIO TIEVTE XPOVLIA
£w¢ 6tov emitevyBel TAPNG amtwAeia HBsAg. Qoto-
00, 1 SLatPoVEVT LK ATTOKPLOT| IOV ETLTEVXONKE
ue lamivudine ywa meplocdtepa amd meEvte xpovia
Sev €8¢el&e pelwon g ocuxvotntag epgpaviong HCC.
Ao v GAAN mAgupdq, ol Eun et al.3® Bpnkav ot 1
TIAPATETAUEVT LIKT] KATAOTOAT HE HaKpoXpOvia Oe-
pamela pe lamivudine pewwvel T cuxvoTHTA EPEE-
viong HCC. Mapodia avtd, cuyvny elval n avamtudn
avtiotaong mov cuvBwG o@eideTal o HETAAAGEELS
oto Liko DNA*. H Bgpameia pe lamivudine €yel amo-
SelyOel OTL HELWVEL TN OXETIKY UE TO TP BVNOLUO-
mta og acBeveig pe HBV axdun kat oe aoBeveis pe
TOUTOXPOVY HOAUVOT HE 1O aVOPWTILVIG AVOCOaVE-
mapkelag (HIV)®.

To embpuevo voukAeoolSikd avdAoyo Tov €Aafe
€ykpton to 2002 Mjtav to adefovir dipivoxil (Ade-
@oBipn SumPoiiin, bis (POM) PMEA, ADV, Hepsera®
1 Preveon®)®*, to omoio AapBavetal pia @opd tnv
NUEPX VLA TOVAGYLOTOV £VA £TOG 1] TIEPLOCOTEPO KL
ep@avioe Alyeg mapevépyeles. Oewpeital emAoyn
Bepameiog SeUTEPN G YPAUUNG KAl OL AoOEVEIG TIpETEL
VO TTHPAKOAOVOOUVTAL TAKTIKA WG TIPOG TN VEPPL-
K1l TOuG Aettovpyia®s. AmoteAel @APLOKO EKAOYNG
v acBeveig pe avtoyn oto lamivudine. IMapodio
mov 1N Bepameia povo pe adefovir €xet amoderybel
OTL elval amotedeopatiky ya acBeveic pe HBV kat
N Hakpoxpovia xprion g éxel amodeyBel otL pet-
(VEL TO TIOGOOTO TNG (VWOTG, 1 ELPAVIOT) avTioTa-
OTMG KATA TN LaKpOoXpOvIA Xp1joT NG eival peydAog
TEPLOPLOTIKAG TTapdayovtag. O cuvduvaopog adefovir
kal lamivudine o acBeveig pe xpovia HBV kat avti-
otaon oto lamivudine €yet Seiel peydAn emtuyia
KoL XUUNAOTEPO TTO00O0TO UETOAAGEEWY TTOU pTtOopEL
va odnynoet oe avtiotacn oto adefovir. EmmAgoy,
1 TPLETNG TapakoAoVBnon £8eige 12% kivduvo ep-
@avions HCC, evw to 73% Twv TeplAapupfavopevwy
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acBevwv eiyav kippwon katd v Evapin.

To entecavir (BMS-200475-01, ETV, Baraclude®)
AVAYVWPIoTNKE WG ONUAVTIKO avAAOY0 aUTNHG TNG
katnyopiag to 20053 Aappavetal pia @opd v
NUEPX VLA TOVAGYLOTOV £VA £TOG 1] TIEPLOGATEPO KOl
ep@avilel Aiyeg mapevépyeles. Oswpeital Bepameia
TPWING YPAUUNG HE €EAPETIKO TIPO@IA avtioTa-
ong?. 'Exel amodeiyBel OTL pelwVEL TN CLUXVOTTA
ep@aviong HCC. Qotdoo, pa avadpopikny avaAvon
875 xpdviwv HBV acBevwyv mov éAafav povoBepa-
mela pe entecavir €8s 4tL T0 43% TWV GBeEVWOV
Tov EAafav aywyr) Sev mETuyay Statnpnuévn LoAoyL-
K1) Veomn (maintained virological remission - MVR:
otabepd pun aviyvevowo DNA HBV<12 IU/mL) kat
Stétpexav, eldikd av cuvumpxe kippwom, vmao-
Tepo kivduvo epgaviong HCCY, Katd t xprion ov-
VIOTATOL TTAPOKOAOVON O TNG AULVOTPAVEPEPATTG
™m¢ aAavivng tov opov (ALT: éva évlupo mou ame-
AgvBepWVETAL ATIO TA VEKPA NTATTOKVTTAPN) OTOVG
6 kat 12 pnveg xatd tn Sidpkela ¢ Bepameiag pe
entecavir. @voloAoykn Tun ALT otoug 6 kat 12 pn-
veg Bpednke va cuvdéetal pe pelwpévo kivéuvo yla
v avantuén HCC. EmumAéov, mpotdOnke n mapako-
AoVBN O™ TNG GAPA-PETOTIPWTEIVNG TOV 0pov*.

To telbivudine (teApmifousdivn, LdT, TBY, Tyzeka®
or Sebivo®) eykpiBnke to 2006, Aapfavetat pia @opa
TNV NUEPA YLX TOVAGXLOTOV £Vl £TOG 1] TIEPLOGATEPO,
OUVSEETAL 1) XPTIOT TOU HE AlYEG TTAPEVEPYELEG, KOl
armoteAel emAoyn Bepateiag Sevtepn ypapuunee. Ta
amotedéopata twv RCTs é8e&av ot to telbivudine
ntav avotepo amd To lamivudine, kaBwg kat Tov
entecavir kat Tou adefovir, otn Bepaneia acOevwv
pe xpoviae HBV aveidptnta amd tnv Katdotaon
Tou avtiyévov HBeAg*3, To 2013, ot Tsai et al**
Slamiotwooav 0TL 1| aBpPoLoTIKI] CUXVOTNTA EUPEVL-
ong HCC og aoBeveig mov éAafBav telbivudine jtav
2,5% xat 4,1% ota Vo kal Tpia xpovia avtiotola,
1 omola Sev MTAV CTATIOTIKA SLQOPETIKY ATIO T
aTOTEAEOUATA TWV aoBevwv Tov éAafav entecavir
(3,1% kot 7,5% ota 600 kal tpia xpovia avtiotol-
xa). H veppwxn Aettouvpyia mpémet va Adaufdvetal
emiong vmoOYv Katd v emAoyn petafd twv NA.
Atilel va onuewwBel 6tL To telbivudine Bpébnke va
elval To OTMOTEAEOUATIKO OTNV TPOANYM NG Vve-
@potolikomtag®. Tnv B xpovid ot NotTwa Ko-

10

REVIEW ARTICLE

pea kal ot dlimmiveg BewpnBOnke aglomioto Kat
KUKAo@Opnoe To pappako clevudine (kAgfoudivy,
L-FMAU, CLV, Levovir®/Revovir®). IoA0 ocvvtopa
OUWG AVAKATONKE AGYW TNG OKEAETIKNG HUOTIAOELXG
IOV T(POKOAEL, 1) OTIolAl OPEIAETAL OE PITOXOVSPLAKT)
SuoAettovpyiadt.

To tenofovir disoproxil fumarate (tevogofi-
pn SwompoiAn, bis(POC) PMPA fumarate, TDF,
Viread®) mpwtokvkAo@opnoe to 2008. Aapdvetat
ulo opda ™V NUEPA YA TOUAQYLOTOV €va £TOG 1| TTE-
PLOGATEPO KAl OTEPEITAL COBAPWV TIAPEVEPYELDV.
Oewpeital Bepameio TPWTNG YPAUUTG HE EEALPETIKO
TPO@IA avtoxns, kabws £xel amodelybel amoteAe-
opatikd wg Bepameia Slacwong SevTeEPNS YPAUUNS
peta amd amotuyia ¢ lamivudine-adefovir?® 39,
Ttov Kwellk6 mAnBuopo, to tenofovir éxel amodel-
X0el 6TL elval avwtepo amd To entecavir otnv mPO-
Anym g avantuéng HCC (45). AgSopéva amd pia
TPOcEATA ONUOCLEVUEVT] pETA-aVOAUoT E8el&av
O0TL oL acBeveig mov €Aafav tenofovir eiyav xaun-
AdTepN ouyxvotnTa ep@aviong HCC og ovykplon pe
Toug aoBeveic mov édaBav entecavir (46) (39). Ete-
AlocovTag To @APUAKO QUTO, £YLVE aQvTIANTITH 1) O¢-
pameuTiky afla evog avaidyouv Tou, Tou tenofovir
alafenamide (tevopofipn adagpevauidn, GS-7340-
03: TAF hemifumarate, Vemlidy®) to 2016. Eva
GAAo avaioyo, to tenofovir exalidex (ContraVir,
CMX157) elvat éva oulevypévo pe Amtidia, otoyev-
HEVO YlA TO TP TPO@APHAKO Tov PBplokeTal o€
TPWOIUN KAWVIKY QVATITUEN, HE TIPWTAPXLKO OTOXO
™ BeATiwoN TG ACPAAELNG EVAVTL TWV TPEXOUCWV
okevaopatwv tenofovir disoproxil fumarate*’. Ilio
mpoc@ata, to 2017 ot Notwa Kopéa, avakaiveon-
KE Kal éva akopa avaAoyo, to besifovir dipivoxil
maleate (umeoupofipn unAgivikn Stot@oliAn, unie-
ivik6 ANA-380 / LB80380, unAeivikd BSV dipivoxyl,
Besivo®©), To 0To{o TapouoLAdel ONUAVTIKA LELWIEVT
TOEKOTITA OTA O0TA KAL TAL VEQPA CUYKPLTIKA LLE TO
tenofovir3**’. 'Eva teAgutaio avdAoyo, To omoio @a-
VNKE V& AOKEel oNUAVTIKY 8pAoT OTNV QVTIHETOTIL-
omn ¢ nratitidag B eival to lagociclovir valactate
(yodaktwkn} AayokukAofipn, MIV-210), mov amote-
Aet mpo@appaxo tov FLG (@Bopoyovavoaivn)® 2.

Zuvolikd, 1 Bepameia pe PEG-IFN eival pikpote-
PNS XPOVIKNG Stapkelag, odnyel oe peyodltepn pei-
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won Twv emnédwv HBsAg aAdd ep@avilel apketég
avemOUUNTEG EVEPYELEG O€ oxEom ne Ta NA, T oTrola
xopnyouvtal per os kat cuviBwg @’ 6pov (Wi,
OAAQ ETULTUYXAVOUV KOAVTEPO EAEYXO TNG AVATIOPO-
ywyns tov o HBV” %, E€autiag tov Sta@opetikol
UNXAVIoUOU SpAcm§ Toug, €xouv TpoTabel apkeTa
Bepamevtika oynuata pe cuvdvacuo PEG-IFN kat
NA. Zmv mAgloymeia Twv TEPIMTWOEWY 1 cUVSLA-
oTIK Bepameia @aiveTal va TTAEOVEKTEL CUYKPLTIKA
pe povoBepameia pe PEG-IFN 1) NA, a@ov emtuyyd-
vel xaunAdtepa enimeSa HBsAg toco o HBeAg (+)
600 katL oe HBeAg (-) aoBeveis petd to T€A0g TG Oe-
pateiog>0-52,

4. Négg Ogpancvtikeg [Ipooeyyioelg

ZNUAVTIKEG ETILOTIUOVIKEG AVUKOAVPELS OL OTIO(ES
emétpePav v o€ Pabog katavomeon Tou kUkAou
{wng Touv HBV, 0Ttw¢ 1 TaruTO O 61 TOU KUTTAPLKOU
vmodoxéa NTCP mou egumAéketal otnv €lcodo Tou
1oV HBV ota k0TTOpa-EevioTEG, TIANPOPOPIES OXETL-
KA pe Ta Baoikd Tupnvikd EvZupa Tov EUTAEKOVTOL
010 oyNuatiopd cccDNA kot Tov emyeveTikd éAey-
X0 TOU, 1] TTAPATHPTON TNG LEPLKTG ATIOSOUN 0TS TOU
cccDNA mov mpokaAeitat and tig IFN, o tpoodiopt-
op6G Tou poAov NG TpwTeivng HBX ot petaypaen
Tov HBV kaB®¢ Kot Katvotopa KUTTAPLKA Kot {wikd
MOVTEAX TIOU €XOUV BEATIWOEL TNV in Vitro Kol in vivo
EKTIUN O NG AVTUKNG SPACTIKOTNTAS VEWV EVWOE-
WV KaL NG TOavns ToékOTNTAES TOUG, £X0UV aVoiEel
TO 8pOLLO YLK TOV EVTOTILOUO TIOAAATAWY VEWYV Bepa-
TEVTIKWV 0TOXWV TTou B 081 y1|00VV G€ OUCLAGTIKY
TP6080 TPOG TNV EMITEVEN «ATTOTEAEOUATIKTG OEpa-
melag» yx v nratitida BY.

4.1 AvaotoAeic Eloo60v

Onwg €xet NN avaepbel ommv evomta 2.2,
Kata tnVv £lcodo tov Y, N pre-S1 akoAovbia Tou
L-HBsAg oaAAnAemibpd pe tov vmodoxéa NTCP tou
NmatokuTTApov-Eeviath. H xpromn pikpwv akeTuAl-
WHEVWV TIETITISWV TtpogpOpeEVWY amd v pre-S1
akoAovBia amodelxbnke Twe pmopel va katacteiAel
amoteAecpatikd TV elcodo Touv HBV kat cuvenwg
™ Aolpwén ¢ Hratitidag B, mapovoialovrtag ev-
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Bappuvtikd amoteAéopata Tdo0 in vitro® 5t 6o kat
in vivo®s. e pa tpoo@atn avdAuon, véa KUKAKA Tte-
TS, TpoKAAEcaV oNUavTIKY EAdttwon HBsAg in
vivo, xwpig va tapatnpnOel tofikoTtnTa, £Xovtag Ti-
uég IC,=0,66-2,54 UM xwpig va emnpedgovy T QL-
olAoyLkn Asttoupyia tov vmodoyxéa NTCP. To o
OTUAVTIKO AVAAOYO TNG GCUYKEKPLUEVT|G KATNYOpLag
@alvetal va elval to Myrcludex B (1] bulevirtidine),
éva AtoTtemtidio 47 apwvoewv g pre-S1 akoAov-
Bilag tou L-HBsAg ouvdedepévo pe pia opdda pu-
pLOTIKOV 0&£0G, To oTolo £xeL O Bpebel TwG ava-
oTéAeL amotedeopatikd ™ Aoipwén in vitro (IC,, =
80 pM)>” kat oe pveg>® >, Ta mpwta SeSopéva KAwL-
KWV Soklpwv @dong IIb oe avBpwmoug elvat emiong
efalpeTikd®®. Mmopel va xopnynOel per os o Aumo-
owpLlaK) popEN® kat mapovolalel Saitepa KaAd
TPOPIA PAPUAKOAOYIK®OV 0AANAETIIE pAaEWVS2,

[TA00¢ popiwv Tov ep@avifouvv peydAn ovyyévela
ne tov NTCP @aivetat va pmopolv va amotpéPouv 1
va Bepamevoouy T Aoipwén péow avtaywviopol
HE TA cwpatidia Tov Y Yl cUVEEOT OTO CUYKE-
kpLpévo vmodoyéa (Mivakag 2). Ze autd meplap-
Bavovtal @dappaxka Tov £xouv NN AGBeL £ykplom
yla tn Bepameia GAAwvY acBevelwv (6w ezetimibe,
cyclosporin A, irbesartan kAm)®-%, udpia mov amo-
HovwOnkav amd @UTIKEG Spoyeg’® kol puknTeg’72,
KaBwe KaL vedtepa GUVOETIKA avaroya’s.

Tnv eicodo touv HBV ota nmatokvttapa @aive-
TOL VA UTTOPOVV VA AVAGTEIAOUV KOl HOVOKAWVIKG
avtioopata’ 7”7, pe peAETeG va £xouv amodeifel Twg
umopoVv va SLadpapaticouvy onuavtiko poAo eKTog
amd TNV AVAGTOAN TNG £L0G80V KAl 0TNV AVACTO-
A ™G €€060V TWV VEWV LKWV OWUATISIWY aTd Ta
HoAvopéva nmatokvTTapa’®, pe eEalpeTikd Tpo@iA
ao@AAEaS Kal amoteAeopatikotnTtag (paon I kAt
VIKOV SOKIU®OV YK TO 6UVEUAOUO HOVOKAWVIK®V
avtiowpatwv HBV-Ab17 kat HBV-Ab1979).

4.2 AmevOciacg otoycvon tov cccDNA

H wavomta dueong eEdAendmg 1§ amevepyoTtoinong
Tou HBV cccDNA éxel BewpnBel to «iepd Siokomod-
™mpo» Twv Bepameiwv tov HBVY. H Bepamela, Snia-
M, ¢ xpoviag Aoipwing amd nmatitida B pmopet
ev pépel va Baototel oty ggovdetépwon touv HBV

11
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Mivakag 2: Mépia mov avactéArovv Ty eicodo tov 1oV HBV ota nmatoxdtrapa kat Tipés IC, (inhibitory

concentration 50%) katd tng Aoipwéng HBV, utodoyiopéveg in vitro o koaAAigpyetes kuttapwv HepG2.

Ovopa Aopr XopoKTNpLOTLKG
Ezetimibe OH Avaotoléac
@ anoppodnong
oH 3 XoAnotepohng
N
F 4 \@\ ECs0=18M (64)
F
(-)-epigallocatechin- AmopovwBnke ano to
3-gallate OH npdowo todl (mpo-
OH KAwviko otabio)
HO O oH
o ICs0=10pM (71)
OH OH
OH
OH
Cyclosporin A Q AvoookaTaoTaATikd
dappoko
3 2 8
N_}—N\ HN‘C
HOw{ NH —N
St
0 % /7 TiCso1,17uM (69)
M FRY MH

Troglitazone o E<$ Osalohbivobiovn
HNY, o o (aywviotrc PPAR-v)
Rosiglitazone s Oealohbivobiovn
G:{ I\‘@\ | (aywwotric PPAR-y)
HN"S, o NNy
U IC50=5,1uM (69)
Ciglitazone s Oeialohbivobiovn
0= (aywwuotric PPAR-y)
HM

1Csp=4,7uM (67)
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Irbesartan

AvTaywviaThc
umoSoyEwy
ayyewotevaivng Il

ICs0=3,3uM (68)

Zafirlukast

AvTaywviathc
umoSoyEwy
AsukoTpleviwy

ICs0=6,5pM (69)

TRIAC

Avdhoyo
Bupeoelbikwy
OpUOVWY

ICs0=6,9uM (69)

Chicago Sky Blue 6B

Xprion o XpwoTLKEE,
Padéc kal ot
koAuvTkd polovTa

ICs0=7,1uM (69)

Sulfasalazine

Napaywyo
agahikuAikol ofgog

ICs0=9,6uM (69)

B7 o | ﬂ Néo ouvBeTkd
~% ~ fﬂﬁ ,  avihoyo
R T T 1Cso=7,36uM (74)
Vanitaracin A UH Amoudvwon and
o noknta Talaromyces
G\N/L.)\ sp.
HO 0

» ICs0=0,61uM (73)
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cccDNA Tou BplokeTal 0TOV TTUPVA TWV LOAVCE-
VWV NTATOKUTTAPWVY 1] KAL GTNV UOVIUT AVAGTOAN
™G peTaypa@ns tou cccDNA. IMap’ 6Aeg TI§ pakpo-
XPOVIEG TipooTtdBeleg eEdAelng tou cccDNA pe ta
161 VTTAPXOVTA AVTIKA QAPUAKA , AKOUN KAl HETH
amo mapatetapévn Bepamneia, ite oe aobeveis eite
0€ TELPOUATIKT] KUTTAPLKT] KAAALEPYELX 1] O {WIKA
HOVTEAQ, aUTEG €8elXvav va amoTuyxavouv. To ye-
YOVOG QUTO QUTOUATWS 0SNYNOE OTNV TEPALTEPW
UEAETN VEWV HOPIWV HE GKOTIO VA GTOXEVOOLV ETIL-
TUXWG To cccDNA®. TToAAG amd ta Baocikd otadia
Tou oxnuatiopol cccDNA amattovv mupnvika éviu-
pa tou &eviotn, cvpmepliapufavopévwv twv TDP2,
FEN1 xat POLK, kat 0 oxnuatiopos Tou tikov pHikpo-
XPWHOCWUATOG ATALTEL TTUPNVIKEG LOTOVES Kol AAAQL
OUOTATIKA TNG XpwHaTivng Ttou &eviath. 'Etol, ol
Bepameieg Tov Ba kaTa@EPOLY va avacTeiAovv To
oxnuatiopo tov cccDNA Ba eivat autég ov Ba oto-
XEVOLV Ta TpoavagepBévta Paocikd oTadid oVvOe-
o1n¢ Tovdl. ‘OTwe ava@épOnke kot atnv evotnta 2.3,
0 p6Aog TG KuTOokiVvNG Kat TG TTpwteiviig APOBEC
0TO OXNUATIONS KaL TN ouvTrprnon tou cccDNA elval
TOA) ONUAVTIKOG, AoV puBuilouv T oTtabepdTnTA
Tou. H xopnynom, ouvenwg, LvIep@epOVNG-at oL
amoteAel pia yAvkompwTteivn TG opddag tTwv Ku-
TOKWVWV, UTTOPEL VA TIPOKAAECEL ATIAPIVWOT) TOU Li-
koU DNA mov e€aptatat anod tnv pwTteiv APOBEC.
Amotédeopa autov elval 1 peiwon tov cccDNA oe
HoALGUEVA NTIATOKVTTOPA.

AVVITIKQ XPT|OLUEG OTPATNYLKEG yla TNV TATNPN
amevepyomoinon tou cccDNA cuviotoUv ot gvdo-
vouvkAeaoeg CRISP xat ot Cas9, ot omoieg xpnoipo-
mowovv RNA ya va kaBodnynoouv tn ovvdeon pe
To cccDNA mou elvat o DNA otdxog kat odnyolv
o€ PETAAAGEELS Kal Slaypa@és autov. Emopévwg,
ATALTOUVTAL TIOAAXTIAG SLOPOPETIKA HETAED TOUG
RNA mov otoxevouvv o€ TolkiAovg TOTOVG 6TO Yo-
viSiwpa tov HBVE82, [Iepimov to 7% twv cccDNA
YoviStwpdtwy Tou eiyav Staxwplotel pe CRISP-
Cas9 amédwoav HETAAAAYUATA IOV OUWS SEV aKV-
PWOV TN AELTOUPYiO TOU GTOXEVHEVOL YoviSiov®,
Ot CRISP-Cas9, og omdvieg TePLTTWOELSG, SlaBEéTouv
™ SUVATOTNTA AKOUA KL VX ATTOKOYOUV TO Xpw-
poocwiikd evowpatwpuévo DNA tou HBV. TIpotov
XPNOLHOTTOMB0oVV QUTEG 0L TIPOCEYYITELS YOVISLAKNG
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emeepyaciag oty KAWLKY TPALN, TIPETEL VAL AV TL-
HETWTILOTOVV oplopéva TBavd {nNTNUaTa, CUUTE-
pLAapBavopévng TG NMATOKVTTAPLKNAG OTOXEVONG,
TWV EKTOG GTOYOV EMMTWOEWY, TNG SLACTIAONG TOV
XPWHOOWUKE evowpatwpevov HBV DNA kot twv
aTPOPBAETITWV GUVETELOV TOU AVAGUVSVAGUOU TOU
Xpwpoowuikov DNA®L,

Mia &AAn teyvikn mov Ba umopovoe va CUUPE-
AEL OTO UETAYPAPIKO EAEYXO TNG EKPPACNG TOU
cccDNA eival n amevBeiog otdyevon ™G TIPWTEIVNG
HBX, n omoia amevepyomolel To cUpumAoko Smc5/6
(structural maintenance of chromosomes complex).
To cvumAoko Smc5/6, OTWG avaEEpBNKe aTNV EVO-
mta 2.4, amovoia ¢ HBX, kataoTtéAAeL T peTa-
ypa@™ tov cccDNA. Emopévwg, av avaoTaAel ) Tpw-
teivn HBx pe ™ xpnon mapepforwv RNA, Oa epo-
SloeL v €k@paon OAwV TwV petaypa@wyv tov HBV
Kot dpa Oa pewwdei to cccDNA (80). Zto onpeio autd
agilel va onpewwBel kal n Tavtomoinomn, Votepa amd
KATIOLO XPOVIKO SLACTNUA, TWV VTTOKATECTNHEVWV
GoVAQOVAULSIWY WG EBIKWV AVAOTOAEWY TOU OX1)-
patiopov cccDNA, agov mapeppaivouv otnv peta-
tpoT) tov rcDNA o€ cccDNA, omtote epmodifouvv v
gk véou Snpovpyia tou cccDNA (Mivakag 3)%384,

TéAog, n xprion vouvkAeacowv SaktOAov Pevdapyv-
pov (zinc-finger nucleases: ZFNs) kol VOUKAEaowv
gvepyoTomT HETaypa@ns (transcription activator-
like effector nucleases: TALENS) amoteAei pé6odog mou
KATa@epe va kataotpéPel o€ peyaro Babud to HBV
cccDNAZ®L ZuviBwg xpnoomotovvtat 2 ZFN mou Te-
plExovv Tpila N Téooepa SaxTuAa Pevdapyvpou. Zv
nnatitida B, ot ZFN amotedovvtat amd tpia SAKTUA.
OLHBV ZFNs miBavotata Ba xpnoomomBovv o€ cuv-
Suaopod pE VTIAPYOVOES BEPATIE(EG OTIWG 1) LVTEPPEPOD-
V1] KOLL T VOUKAEOGISIKG avdAoya, Tiou eputodifouv o
oxnuatiopo véou cccDNA. H cuykekpuevn aywyn Oa
umopovoe va emPBpadlvel TV avATITUEN OTEAEXWV
HBV mou epavifouv avtiotaon kot va auénoet mv
TOAVOTNTA TIAPATETAPEVNG LOAOYIKNG ATIOKPLOT G,
0L voukAedoeg evepyoromn ™) petaypa@ns (TALENS)
glval TPOGEATA AVATITUYHEVA EVTUHA TIOU UTTOPOVUV
va SlaoTdoouy el81KnS yia aAAnAouyiag 6téxoug DNA,
SnAadn tou cccDNA. Kataokevaomkav Sta@opwv el-
Swv TALENSs Tov otoyelouv Tig Slatnpnuéveg meplo-
XES TOU LikoU DNA peTad SLopopeTIKWOV YOVOTUTIWY
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Mivakag 3: Atg-vmokateotnuéva ZovA@ovapidia (disubstituted sulfonamides-DSS).

(a) CCC-0975

0]
/N.;lrs-f.-'
0] H
N N
R\
-

(b) CCC-0346

HBV. H avti-HBV enidpacm twv TALENSs amodeixbnke
TIEPALTEPW OE EVA LOVTEAO TIOVTIKOU HE LEpoSUVAL-
K1 £VEDT). ZUVOAIKG, auTA Ta SeSopéva Seiyvouv OTL T
TALENS pumopoUv GUYKEKPLUEVA VO GTOXEVGOUV KoL VO
QTIEVEPYOTIONOOVV ETLTUXWS TO YoviSiwpa tov HBV
kot Spouv loxupa cuvepyloTika pe Vv IFN (wvtepge-
POVN), TAPEXOVTAG ETOL LA TILOAVT) DEPATIEVTIKT TP~
TNYLKI Y10 TV QVTILETOTILOT) TG AOHwENG amd xpovia
nratitida B,

4.3 AvoooOcpancia
4.3.1 Eyyevijc Avooia

To cvoTNUA €yyEVOUG aVOGING ATTOTEAEL TV TIPWTN
YPAUUN GHUVAG TWV KUTTAPWV TOU EEVIOTN AmEVAVTL
oe taBoydva kot TeptAapavel HepBpavikovs Kal v-
Sokvuttaploug vmodoxeis PRRs (pattern recognition
receptors) ot oTouvSaLdTEPOL AT TOUG 0TIOl0UG Elval
oL kuttapomAaopatikoi vmodoyeic RIG-I1 (retinoic
acid-inducible gene I receptors) kat ot pepfpavikot
vmodoxeig TLR (toll-like receptors), ot omoiot ava-
YVWpI{ouv CUYKEKPLUEVEG TIEPLOXES TWV TIABOYOV®Y,
115 PAMPs (pathogen-associated molecular patterns)
KalL ETAYOUV TNV TIAPAYWYT] TIPOPAEYLOVWSWV TTapa-
YOVTWV OTIWG 0L KUTOKIVES aTtd T KUTTAPX TOU AVO-
00TIOMTIKOV Lo THHATOGE . 'ETAL, HOPLA-OY WVIOTES
TWV OUYKEKPLUEVWV VTIOSOXEWV £xouv BewpnBel wg
TAPAYOVTEG TIOU UTIOPOVV VA GUUBAAAOLY GTNV ATIO-
Tedeopatikn Bepameia ¢ Hratitdag B emdyovtag

TOUG UMXQAVIOHOUG TNG €yyevols avooiag. [IAn0og
popiwv mMov amoTeEAOVV AyWVIOTEG TWV VTTOSOXEWV
TLR7/TLR8 Bpiokovtal ofjpepa o€ 0TASIO KALVIK®V
oKWY, TIPOKELUEVOL va SlamioTwdel 1 ac@dielx
KOl OTTOTEAECUATIKOTNTA TOUG GTNV AVTILETWTILON
™m¢ Aolpwing®’. Ta avaroya RO7020531, RG7795
(ANA773), RG7854 (Roche®) amoteAolv aywvioTég
tou TLR7 kal Bpiokovtal oe @aon I kAwikov Sokt-
HWV XWPI§ Voo UTTAPYXOLY aKOuT SUOGLEVHEVA ATTO-
tedéopata, evw o TLR7 aywviotig JNJ-64794964
(Janssen®) emédeiEe o€ pua Sokiun @aong I koaAa ave-
KTO Kol ao@oAég TPo@iA o€ vytelg eviAkes® 'Evag
akoun aywviot)s TLR7, 0 GS-9620, o kKAwikég SoklL-
uég aong II, emédelle oAV Wikpr) pelwor) eMUTESWV
HBsAg otov 0p0d Tov aipatog petd amo 24 efdouddeg
xop1ynons o€ acBeveis pe xpoévia Hratitida B mov
Aappavouv NA% kaBwg kot avtioToya pkpr| peiwon
otav ouvyyxopnynonke pe tenofovir oe acBeveig ov
Sev eiyav AaBet kapia GAAN avtiikr Oepatmeia®. Amo-
TEAEOUATA KAWVIKGOV SoKLLWV @dong I avapévovrtal
emiong kat ywx tov TLR8 aywvioti GS-9688% °L, Ia-
paywya TupLdivi 6 kal, o TPOoPATA, TAPAywya
2,4-Sixpvoxkvalodivng avayvwpiomkav wg SumAol
tpomomomntég Twv TLR7 kot TLR8 umodoxéwv. Ava-
AvoT TWV OXECEWV SOUNG-SPACTG TOUG PAVEPWOE
TwG aAdayr otn otepeoymueia evog XepOUop@ov
kévtpou TmpoodiSet TLR8 ekdektikotnTar (Mivakag
4)"7. TéAog, 0 aywviots Tou vrodoxéa RIG-I, To SB
9200 (Inarigivir), emédeie Saitepa evBappuvTi-
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IMivakag 4: Ayowviotéc vtodoxéwv TLR7,TLR8: (a) EkAektikoG aywviotis TLR7 (b) AumAdG ayw-

viotn¢ TLR7/8 (c) ExAekTiko¢ aywviotig TLR8 (d) AumAdg aywviotig TLR7/8-(R) otepeoynpueia

odnyei o€ exAektiki) TLR8 aywviotikn Spdon.

NH,

)\)\,E N
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KA QTOTEAECUATA O PEALTEG UE APKTOUVEGTS? Kot
£TOL TIPOXWPNOE 0€ KAWVIKEG SOKIUES pdong Ila, pe Ta
amoTeAEopata va Seixyvouv avénuévo 6@elog amd to
ouvduaoud KAAOIKNG avtlikig Bepameiag pe avooo-
Bepameial®.

4.3.2 Emixtntn avooia

0 vmodoyéag PD-1 (programmed death-1) ek@pale-
Tal amd ta e8ika ywa tov HBV T kittapa kot étol
HoOpLA IOV PTTAOKGEPOUV TNV dAANAETISpaon TOU pe
Tov evdoyeviy mpoadétn tov, PD-L1, pmopolv va
odnynoouv oe avénon tov aplBpov kat g Spdong
AUTWV TwV T KUTTAPWV HE ATIOTEAETUA TNV AUEN UE-
VN TAPAYWYN AVTIOWHATWY amd Ta B koTtapal®l-103,
H mBbavotta e avions nmatotodikdTnTag AmoTe-
Al Tov peilova meploplopod yia tnv upuTEPT XpP1ion
TAPAYOVTWV TIOL avaoTéAAovy Tov PD-11% wotdoo
KAWLIKEG SoKIpEG @aong 1 kat 2 Tov PD-1 avaotoAéa
nivolumab, og mavw amd 100 acBeveig, Sev Edelav
otolxeia coBapng nmatotoikoTnTag®,

4.4 HapeuPfoin) RNA - MeTat-ustaypapucos
éAeyxog

H xpnon poplwv-evayoewyv yr Ty avacToAn g
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avarmapaywyng tov v HBV oto eminedo tng yovi-
Slakng éxk@paong amotelel pia kavotopo pébodo
otn Bepameia ™G xpoviag nmatitidag B. Avtn 1 pé-
00806 éxel a&lodoynBel ekTeVWG in Vitro Kal €TLKU-
pwONKe o€ {wikd LOVTEAQ TTAPOAO IOV OTOV GVBpw-
0 BploKETUL AKOUA OE TIPOKAVIKO GTASL107 1 47106,
0L evwoelg Tov Svvavtal va xpnotpotonbovv pé-
TEL VA EXOVV TNV LKOVOTNTA VA TTPocSeBoVV pe vm-
A e€eldikevon oto HBV RNA kal kat’ eméktaon va
Statapd&ouv v Ek@paot TwV TPWTEVWV Tov HBV
KataotéAAovtag T petagpacn touv mRNA . ‘Etoy,
Ba pelwdel n Tapaywyn KOV TPWTEV®VY, CWUATL-
Slwv xat avtyovwy, kupiwg tou HBsAg' . Teétoleg
EVWOELS PAavnKe va elval: (1) oplopéves mapepfoAés
RNA, (ii) kdmola avtimAnpo@oplakd 0ALlyovouKAEO-
T8l (antisense oligonucleotides: ASOs) kaut (iii) ov-
YKeKpLUEVA EvTupa pLBoVOUKAETVIKOU 0E£06 (pLBoév-
Tupa)B. Kata v eicodo tou 1o HBV oto kittapo,
vBpidomoteital og 1ik6 mMRNA kat to mpokVTTTOV
Sixkdwvo RNA otoyevetal ywa amoikodounon. Me
Tov 0po TtapepBoAég RNA (RNA Interference: RNAi)
gvvoovvtal popa RNA 20-30 voukAgoTiSiwv Tov
0TOXEVOUV OUYKEKPLUEVEG LIKEG aAAnAovxies Tou
mRNA. TIAeOVEKTNUA TWV OCUYKEKPLUEVWV Elvat
0tL moAAamAd mRNA avtiypaga tov HBV pmopoiv
va 6ToXEVOOUV TAUTOXPOVA WE TNV TIPOCEKTLKN ETIL-
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A0y TWV AAANAOUXLOV TWV VOUKAETKWOV 0EEWV TV
mapepforiwv RNA o€ eMKOAUTITOUEVEG TEPLOYES
kwdwomoinong®l. H ameAgvbépwon Tou TURHATOG
siRNA (small interfering RNA) pe okotd t otoXEL-
omn tou yoviSiwpatog HBV evtdg Twv nmatokuttd-
PWV elval M TPWTH «ATOTIELPA» XPNONG TAPEUBOAT|S
RNAY. Tpeig TOmoL siRNA pe S1a@opeTikovg TpOToug
xopnynong Bplokovtal VO TPOKAWVIKY a§loAdynon
n/xat KAk ok Tpwiung @aong’. To siRNA 8i-
apecoAafel otnv avaoctoAr tov HBV eite pe peta-
YPOQ@IKO €(TE PE PETA-PETAYPAPIKO TPOTOY. Eva
mpwipo poplo siRNA evavtiov tov HBV, to mpwto
TIOU S0KIUACTNKE O KAWVIKEG LEAETEG OTOV GvBpw-
Tto, ivat to ARC-520, to omolo amoteAsital amo 2
siRNA culevypéva pe xoAnotepoAn, yia va BeATiw-
Bel  amedevBEépwon TOu OTA NTATOKVTTAPA, KOl
Xopnyndnke péoa o€ éva cVOTNHA TIOAVUEPOVS TIOU
mepleixe N-axetvAoyoraktolapivn® . H 0866 xo-
pNYNOoNG Tou NTav evSo@AEPLa 0TO NTIAP, YEYOVOS
Tov padi pe tov kivéuvo Séopevuong ekTdg aTd)OV,
™V mavn NTAToToEKOTNTA KoL TOV KivSuvo avo-
o0o0gvepyoTioinoms amd vtodoyels avayvwplong tpo-
MWV, amoTeEAOVV TIOAVOUG TEPLOPLOHOVS Y TN
xpnon tov’. Map’ 6Aa ta poava@epBévta eumddia,
10 ARC-520 VoTepa amd TEpAPATA O XIUTATINOES
amodeiyBnke va elval TOAV ATOTEAECUATIKO OTN
pelwon Twv emmédwv tov HBV DNA, tou avtiydvou
HBeAg kat touv HBsAg (14) (106).'Etoy, a@ov eykpi-
Onke n ®aon I, pe Alyeg avtidpacelg vepevaloon-
olag, mpoxwpnoe oe dokég Paong 114 Oplopeva
TIPOKATAPKTIKA ATOTEAECUATA TWV SOKIUWDV PACT|G
II anedel€av 6TL pia epama §6om ARC-520 o€ ouv-
Svaopo pe entecavir 1 tenofovir disoproxil®® giye wg
amotéAeopa TN peiwon tov HBV DNA tdo0 otoug
HBeAg Betikovg 60 kal otoug HBeAg apvntikovg
aoBeveig, aAA& Touv HBsAg povo oe HBeAg Betikovg
acBevelg’. Tuviotatal, akOpa, UEAAOVTIKN] OUYXO-
PNYNON TOU HE QVTUOTOUWVIKG @apuaka®. EEEAEN
avtoV amotédece to JNJ-3989 (mpwnv ARO-HBV),
TIoU Yapaktnpiletatl wg n emopevn yevid siRNA mov
OTOXEVEL 0€ SlaopeTikr Bomn oto yoviSiwpa HBV.
Xopnyeital vtodopLa, kal okomd§ ToL eival va oTo-
XEVoEL lika avtlypag@a toco amd cccDNA 6co kal
atd evowpatwpévo HBV DNA, evw aflodoyeital og
pae KAk Sokiuny ®@aong 11147, 'Eva emumAéov po-
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Mivakag 5: MOpLo avaoToAag TG META-

Ypa@1g Tov HBV.

(a) RG7834

pto, To RG7834, peketiBnke ywa  Spdomn tov otnyv
nmatitida B kot amodelxOnie otL Sev Asttoupyel wg
RNAi , cAAQ KOTA@PEPVEL VO KATAOTEAAEL T UETA-
ypaen tov HBV pe e181kd, dyvwoto dpwg, TpoTo yia
tov 16! (Mivakag 5) O ovvdvaouds tov RG7834
, entecavir kat PEG-IFNa @dvnke va pewwvouvv oe
neyoio Babud to HBV DNA kot to HBsAg8L. To AB-
729 (Arbutus) amoteAel éva poplo siRNA, emiong,
TO 0TOi0 OPWG XYopNnYelTal UTTOSAPLA CLUEVYUEVO LE
N-aketuAdoyaAaktolapivy. To teAevtaio katedele
ONUAVTIKN KataoToAn Tou HBsAg o€ povtéAda movi-
KWV Tov Tav poAvopéva amo tov 1o HBVY,

Ta QVTLTIAT POPOPLAKA 0ALtyovoukAeoTiSiax
(antisense oligonucleotides: ASOs) eivat 1 Se0tepn
katnyopia poplwv mov pmopel va Sadpapatifovv
onuavtikd poAo évavtt g nratitidag B. Ta ASOs
elval voukAeotiSia mov B£TOVV WG OTOXO TOUG TIG
aAAnAovyieg mov TapayOnkav amd TNV pHETAYPA-
@N Tovu likov HBV DNA katl oUVETI(G UTAOKAPOUV
™V €K@PAoN NG UKNG TPWTEIVIG LECW OTEPIKOV
ATMOKAgLGHOV TNG, IOV 08NYel 0 avaoToAn Tou Li-
KOU TOAAQTAQGLACUOU Kol TNG THPAYWYNG UK®OV
avtiyovwv’. H Stapopd oto punxaviopo dpaong pe
ta siRNA elvat 6Tt ta ASOs poAg auvdebovv pe v
oAAnAouyia Tov gival CUUTANPWHATIKE, 1) ATIOLKO-
Sounon tov petaypa@opevov RNA tedka mpaypa-
ToToleital amo Vv ptovouvkAedaon H.
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4.5 Avaotoln PiBovovkiedons H (RNaseH:
ribonuclease H)

Ot ptBovoukAedoes H eival évlupa mov kataotpé-
@ovv to RNA, 6tav autd Bploketat cuvdedepévo
pe DNA® H HBV RNaseH amo8opel to tikd pgRNA,
a@ov £xel avtrypa@el oe DNA amé v avtiotpoen
HETAYPAPACT], EMTPETOVTAG £TOL TN oVUVOEON TOU
SevTEPOL KAWVOU ToL LikoV rcDNA. AvaotoAn g
HBV RNaseH o0ényei o cusowpevon RNA:DNA aAv-
oidwv peydAov ufkous Kot avaeToAn tns ovvBeong
Tov rcDNA, pe amotédeopa Ta véa likd owpatidio
TIoU ouvTiBevtal va e§€pxovTal amd Ta NTATOKVTTA-
PO EXOVTAG EAAXTTWHATIKO YEVETIKO VALKOM. Dap-
MoK, EMOUEVWG, IOV avacoTéAAouv tnv HBV RNaseH
pmopel va amoteA£00VY EEQPETIKT ETTLAOYT] YO TNV
QTTOTEAEOUATIKY AVTILETWTILOT TNG AO{UwENG.

To evepyd kévipo twv RNaseH mepidapfavel pia
aAAnAovyia apwotéwv ‘DEDD’ (aomaptikd o0&y -
YAouTapiko ofV - aomapTikd 08V - acTapTiko 080),
N omola pe TN pecoAafnon dvo katovtwv Mg?* ka-
TaAVeL TV avtidpaon vSpoAvong tov RNA, i omola
@aivetal Twe amattel kat Ta Yo katdvta Mg (111
(1201 péxpl onuepa yvwotol avactolei tng HBV
RNaseH &wBétouv tpla dtopa mAekTpoviodoTeg
(0 M N) o1 oepq, Snuovpymvtag XNAKEG aAAnAe-
mdpacels pe ta Vo katdovta Mg* 13, Ta avaroya
TIOU €YOUV AVAYVWPLOTEL WG avaoTtoAeis tng HBV
RNaseH amotedovv eite mapaywya a-vdpofutpo-
moA6vNG (a-HTs) eite N-udpotuipidia 60mws mapa-
ywya N-uvdpo&uicokivoAwvodiovng (HID), N-uépo-
Euva@BupLdvovng (HNO), N-uSpogumupidivodiovng
(HPyD) kot N-udpodumupiputdivodiovng (HPD) M4,

To mMpwTo poPLo MOV SlATETWONKE TIWG UTTOPEL
va avaoteidel To €viupo NTAvV TO PUGLKG TTPOTOV
B-thujaplicinol, Tov amopovwOnke amd tov ELA®-
O 1016 kESpou kat avaotéAdel tnv HBV RNase H
Twv YovoTuTwy D kat H pe tipég IC, 5,9 kat 2,3 uM,
avtiotoya!t®. H avakdAuym autn odiynoe o€ oxe-
Staopud kat ovvBeom MAB0UG VEGTEPWY VEPOELALW-
HEVWV TIAPAYWYWV TPOTIOAGVNG, TA OTIOlA UTTOPOUV
Vo Qv OTEAOUV TNV aVATIHPAYWYT TOU L0V LE TIUES
EC,, éws kat 0,34 uM (avaroyo #110'°) kau yaun-
A xutTapotofikoTnTa pe tpég CC.  €wg xat >100
uM, amodidovtag £tol TIpéG BepamevuTikol Seiktn
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(TI = CC,,/EC, ) éwg kat >200". MTepautépw peAE-
TEG TWV OYEGEWV SOUNG-8pAom G oTov USPOELALWE-
Vo SaKTUAL0 TPOTIOAOVNG £8e1&av Ttwg To a-OH eivat
amapaito yw v avactoAn ¢ HBV RNaseH.
Oykwdelg vrokataotates otig Oéoelg RY, R? ko R3
PaiveTAL VA LELWVOUY TN SPACTIKOTNTA, 0SNYWOVTAS
O0TO CUUTIEPACHA TTIWG 1) ATTOTEAECUATIKOTN T WUTTO-
pel va auénBel pe v elcaywyr covA@ovudo- 1 Aa-
KTOVIK®WV VToKaTtaotatwvies Ta Sedopéva avta
ETKLVPWON KAV KAl ATIO TILO TTPOCPATEG PEAETEG pE
TO ATOTEAEOUATA VAL KATASEIKVOOUV ETI{ONG TN LE-
YAAN QTOTEAECUATIKOTNTA TAPAYWDYWV HE AULSL-
KOUG UTIOKATAOTATEG 0TO SakTVALO NG a-OH-tpo-
ToAGVN 1112,

Tpeg katnyopieg N-uSpouiubiowv €xel Ppedel
TwG umopovv va avaoteilovv tmv HBV RNaseH:
N-vépotuicokivoAvodidves (HID), N-vdpofuvapbu-
pdwvoveg (HNO), N-uSpotumupiSivodioves (HPyD)
kat N-uvSpofumupyudivodioveg (HPD). Kat ot tpelg
aQUTEG KaTnyopies evioewv StabBétouv atopa N 1 O
0TI KATAAANAEG O£0€lg TPOKEMEVOL va oXMUOTI-
00UV YNAKES aAAnAemiSpdoelg pe ta Svo ovta Mg
AVAOTEAAOVTAG UE TOV TPOTIO AUTO TN PUOLOAOYLKN
Spdon Tou eviipov, OTIWG aKPLBHS KAl Ta TTAPAY WYX
a-OH-tpomoAdvn g3, TIA00g avaidywv €xouv ou-
vtebel kat a§lodoyn Ol pappakoAoyikd péxpt onuepa
amodiSovtag moAY xaunAs Tuég EC, | axdpm kat ko-
vTd ota 100 nM, kuttapotodikéTTa ™g tégng CC
= 25-100 puM kat tipég Bepamevtikot Seiktn (TI) €wg
Ko >30024 122123124125 A piee T ato To LOPLOL UTA JLE-
AemBnkav emiong in vivo o€ PUES, LIE TA ATIOTEAETLA-
T va eMBERALOVOVY TTwG avAAoya NG Katnyopiag
QUTIG UTTOPOVV VA avaoTEIAOLVV TN AoiHwin Kot Twg
To évlupo HBV RNaseH amotelel éva Buwaoipo otdyo
Yo QVATITUEN TIEPLOGOTEPWV KALVOTOUWY PAPUAKWY
HE oKOTIO TNV amoTteAsopatiky Bepameia ¢ Hrati-
T6ag B1%6. Xapaknplotikd mapadelypata avaoToAE-
wv ¢ HBV RNaseH mou €youv peAetBel wg onjuepa
@aivovtat otov Mivaka 6.

4.6 Tpomomomtég/Avaotoleic Svvapuoloynong
NovkAsokayiSiov

0 mupnvag touv voukAeokaidiov Swadpapatifel {w-
TIKO pOAo oTOV KUKAO avamapaywyng touv v HBV.
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IMivakag 6: Mopix mov avactiéAdovv to £viupo HBV RNaseH. Me kOkkivo ypwpa tovilovral
TA ATOpX OV SnuovpyoUV YNAkéG aAAnAemidpacelg pe ta dvo katiovta Mg? oto evepyol Kké-

vtpo tov £vQOpov. HID: N-hydroxyisoquinolinediones, HNO: N-hydroxynaphthyridinone, HPD:
N-hydroxypyrimidinedione, HPyD: N-hydroxypyridinedione, EC50: effective concentration 50%,

CcC

: cytotoxic concentration 50%, TI: therapeutic index.
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Amouteital ywa T HETA@OPA TOU LiKOU YOVISLWOUATOG
TPOG KOl IO TOV TIUPTIVAL TOU HOAVGUEVOU NTITOKUT-
TAPOU, KABWE KL Yl TNV EMLTUXT AVTIOTPOPN HETA-
ypa@r) Tou pgRNA oe rcDNAY. MapdAinia, n facikn
TPWTEiVN Tou TUpTva (Cp) OV GUVAPHOAOYEITAL GTO
Likd kar(8lo epmAékeTal KoL ekeivn He TN o€ TG o€
TIOAAEG TITUXEG TOU KUKAOU (wnig Tou HBY, emopévwg
amoteAel kal évav TOAAQ VTTOoXOUEVO OTOXO YA T
avTlika @appoaka®. Ot véol puBUIOTESG 1] AVAOTOAE(S
OUVOPUOAGYNONG TOU VOuKAEoKaSiou Kat TG TTpw-
Teivng Tou Tupnva popovv va eTNPEAcoLY Sd@opa
oTdSLx Tov KUKAOL avTypans touv HBY, cupmepidap-
Boavougvng g ouvappoAdynong touv kayidiov, g
QVTIOTPOPNG LETAYPAPNG, KABWG KAl TG TPpOoSeamg
mpwTeivng pgRNA kat moAvpepdaong'. Exouv ava-
TTuxOel §V0 KaTyoples TETOLWY avaAdYwv He Bdon
T HOPPOAOYLKA XAPAKTNPLOTIKA TwV KoL8iwv Toug
otav €éABouvv o€ ema@n pe v évworn. H mpwtn apo-
PA TOUG KAAOCTEPLKOVG PUOULOTES TNV TIPWTEVNG TOU
mupniva (Core protein allosteric modulators- CpAMs),
TIOU QVTITIPOOWTIEVOVTOL ATIO T ETEPOAPUASIUSPO-
mupyudives (HAPs), 6mwg to GLS4, RO7049389 kal
Bay41'. AmotéAeopa TG SpAONG AUTWVY ATTOTEAEL 1)
OUVAPHOAGYTOT) TOU TIOAVUEPOVS TOU TIUPHVAL XWPIG
kaidia 1) 0 GYNUATIONOG CUCOWUATWHEV®Y KAl TA-
PALOPPWHEVWY Sopwv kaiSiwv?® 12818 H emopevn
katnyopla eivat oL puBULOTEG cLYKPOTNONG KAYSlwy,
OTwG Ta @avvrompotevapiSia (PP) 1) covigpapoiro-
Bevlauidia (SBA), kUplol EKTTPOGWTOL TWV OTIO{WV £l
vau ta: AT-130, NVR-3778, JNJ6379, JNJ0440, JN]J-632,
JNJ56136379 kot AB-423'*81, To ABI-H0731 onuato-
86moe v évapin plag véag katmyopiog evwoewv.
Elvar mapaywyo SieviobeialemivoxapBoapudiov
Kot SelYVeL va ETILPEPEL ONUAVTIKESG PELWOELS ToU DNA
kat RNA tou 100 HBV ot Sokuur) ®dong IV, Tynuati-
{ouv HopEOAOYIKG PUGLOAOYIKG Kas{SLa TTov aTEPOV-
VTaL OUWG LIKOU VOUKAETKOU 0&€og. Kat ot U0 opadeg
POPUAKWY aVOOTEAAOUY TNV ameAeuBEpwoT LKWV
OWHATISIWY, HELWOVOVTAS £TOL TNV TTOGOTNTA Tov HBV
DNA kot RNA mov g€épyetal amd To NMatoKLTTHpPO.
EumoSifovtag, akdua, Tn UETAPOPA TWV EIGEPYOLE-
VWV VOUKAgoKaLS{wV 6TOV TTUpHVa, ATOTPETOUY KAl
T0 oYNUatiopd tou cccDNA, aAAd Tavtoxpova Tape-
pmodiletat xaL o de novo oynuatiopdg cccDNA Adyw
NG ATTOGUVAPUOAGYNONG TWV VOUKAEOKAISiwY IOV
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mpaypatomoteita®. To NVR-3778 eival mapdywyo
covApapovrofeviapdiov (SBA) to omoio avamtoydn-
ke otig HITA, xopnyeital per os xau Bploketal o€ KAwL-
KN Sokr) Pdong la (NCT02112799, NCT02401737)
eMBEKVOOVTAG TIOAD  IKOVOTIOWTIKO GUVEPYLOTIKO
amotéAeopa oe ouvduvaopd pe PEG-IFN, Votepa amd
a&loAdynon oe movtikwx pe e&avBpwmiopévo Nmap” 14
19, TlIoA) TtpdoQATES in Vitro PHEAETEG O€ TPWTEVOVTA
avBpwmva nratokitTapa, £8etl€av otL to JNJ-632
(SBA) xat to Bay41 (HAP) amoTp£mTouy To OXNUATIONO
Tou cccDNA kat pewndvouy Ta emimeda T10oo tov evdo-
kuTTapikoL HBV RNA, 600 xal twv avtiyévwv HBeAg
kot HBsAg™. [Tepautépw in vitro peAéteg mou SLednxon-
oav, amedelEav OTL To THPAywYa TOU (PUVUAOTIPOTIE-
vapdiov katadelkviouy TOA) IO OTTOTEAECHATIKY
avTlikn Spaon 6tav cuvduactovv pe NA (83). Ot Sopég
Twv Tapandvw evooswv Ttapovotdlovtal otov Miva-
K 7.

4.7 Emidoyocg

0 xpdvog yla TV avATITUEN Kol €QAPUOYN HLXG
ac@aioVg, TTPOoLTNS Kal eVpiéws Slabéaung Bepa-
melog Y v xpovia nmatitida B, mov emnpedlet
TAYKOOWIWG 257 ekaToppvpla Atopa, elval Topa.
Ta gpfoAia g nmatitidoag B xat Ta amd tou oTo-
HOTOG OVTUKA @appaka elval ToA) aTOTEAEGUATL-
KA oTnVv TpOANYT Kot Tov €Aeyxo NG nratitidog B,
avtioTola, woTdo0 1 TPOCPACT OE AUTE TTAPAE-
VEL pa TTIpOKANOT Yl PEYGAa TTOGOGTA TOU TayKO-
opLov TANBUCUOV. ZUVETIWG, 1] AVAYKY gVpeong Oe-
PATIEVTIKNG AYWYNG EVOVTL TNG XPOVING NTATITISNG
B elval onjpepa mo emikalpn amd mMOTE. AELTOVPYIKT
Bepameia, pe eEdAenn Tou pETPOOV OTO alpa
HBsAg xat HBV DNA, petd amo pio oAoKAnpwpévn
Bepameia, Tapapével 0 TILO GUECOG GTOXOG YLoL TNV
ETMIOTNHOVIKY] KOWOTNTA. ALXPOPES OTPATNYIKEG
TPOG LT TNV KatevBuvon Bplokovtal og KAWVIKEG
SoKLUEG, aTtd TIS 0TIoleG TTPOKUTITEL TIWG 1) Bepameia
mhavoTata B amaltel cUVSLVAGUS AVTIKWVY TTOPA-
YOVTwV-@apudkwvy. O

Euyxaptotisg
01 ouyypapeig euyxaplotovv v Epweiin Tavvako-
TIoVAOV YL T Snpovpyia kat Ttapoym s Ewovag 2.
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Mivakag 7: Atapop@wté - Avactodeic NovkAsokayndiov / Nucleocapsid Assembly Modulators.

(b) Bay-41
OCHsBr O
X Nf
E NH._.O
F
Ot 1, X
N/,SD)LNH F

(c) NVR- 3778

F F
- e N
F

(e) INJ-632
Q{’
F
o-s. M Ezfx
I F
o g s
N\/I{a/N
0

(g) ABI-HO731

21



®APMAKEYTIKH, 33,1, 2021 | 2-29 APOPO ENIZKOITHXHX

PHARMAKEFTIK]I, 33,1, 2021 | 2-29 REVIEW ARTICLE

Therapeutic Approaches for the
Treatment of Hepatitis B

Dimitrios Moianos, Georgia-Myrto Prifti, Grigoris Zoidis*
School of Health Sciences, Department of Pharmacy, Division of Pharmaceutical Chemistry, National and
Kapodistrian University of Athens, Panepistimiopolis Zografou, 15771, Athens, Greece

KEYWORDS:
Hepatitis B; HBV; cure;
antiviral agents; novel

drug targets

*CORRESPONDING
AUTHOR: Grigoris Zoidis,

zoidis@pharm.uoa.gr

22

ABSTRACT

Hepatitis B is a liver infection
caused by Hepatitis B Virus (HBV)
leading to more than 800.000
deaths annually. Although an ex-
cellent, safe and effective vac-
cine is available, it is still a major
worldwide public health burden
and among the main causes of cir-
rhosis and hepatocellular carcino-
ma. Currently approved anti-HBV
therapies include interferons and
nucleoside analogs. However,
those compounds do not achieve
significant inhibition of virus
replication or elimination of the
cccDNA reservoir and cure the in-
fection only partially. Thus, search
for new drugs and targets with the
ultimate purpose of an “effective

cure” is the subject of extensive
scientific research internationally.
Novel approaches including virus
entry inhibitors, epigenetic control
of cccDNA, immune therapy, RNA
interference molecules, RNaseH
inhibitors and capsid assembly
modulators have shown great re-
sults both in vitro and in vivo and
many compounds are currently
ongoing clinical trials. This review
provides an overview of the treat-
ment regimens available to date
and examines, recent therapeutic
approaches that are currently be-
ing evaluated in preclinical and
clinical stage.
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To Portulaca oleracea stvon OgpamevuTiKO
@UTO; Neotepa deSopéva

EAlwoaBet-®wtewvn) BapBoivn®, Kwvetavrtia Fkpaikovs, Fewpylog A. Kapikagh, Ioavva Xnjvou®”
*“Touéag Papuarxoyvwaoiag kat Xnueiag dvoikwv Ipoidviwv, Tuiua dapuakevtikrs, ZyoAn Emiotnuwv Yyeiag,
E6vikd & Kamodiotpiakd Iavemiotiuto AGnvav, Mavemiotyuiovmoin Zwypagpov, 157 71 Adnva
FTunjua Boiatpikwv Emiotnuwv, Havemiotiuto Avtikyg Attikrg, ABnva 12243

AEZEIX KAEIAIA:

Portulaca oleracea;
Xnuka ovotatikd; Q-3  To eidog Portulaca oleracea amotedsl éva apketd StadeSouévo @uUTO TOU
AMTapd oféq;  ypnowpomoteital ws Bpwotpo (LTEpyELa HEPT), AAAG KL WG PAPUAKEVTIKO
BLoAoYIKEG SPACELS;  YLX TIG SLATPOPIKES KAL OEPATIEVTIKES TOV ISLOTNTES, XAPLS 0T BlodpaoTL-
OepATEVTIKEG EQAPUOYEG KA OUOTATIKA TOV, aAAG kol T Sta-Bpemtikn Tov agia. ‘Exetdn ava@epOei
QIO TNV APXALOTNTA LE TO OVOUN «AVTPAKAQ» VLA TNV OVUKOVQLOT) EVPEWSG
@AoPaTOog TOONOEWY, OTIWG: AVTIUETWTILON TIOVOKEQPAAWY, (PAEYHOV®YV,
OTOUOY LKWV KOL QVATIVEVOTIKWV IO GEWV, TTUPETOV, TTANYWV KAL EAKWV.
[lepLéxel peyaAn TolKIAlo HETABOALTWV OTIWG: PALVOALKEG OVGLES, ALTTapd
0%€a, O0TEPOAEG, HAKOAOELDY], TEPTIEVOELST], OPYaVIKA 0&Ea, PBrtapives kot
LYvooTolyEla, eV Ta omepuata Bewpovvtal mTAovola Ty w-3 Kol w-6
Amapwv ofewv. Ilpéc@ata Sedouéva TwV QAPUAKOAOYIK®Y TOU SpAce-
WV Ao in vitro/in vivo TEPANATA KOL KALVIKEG LEAETEG AVAPEPOVV UTIO-
YAUKOQULLKT, UTTOALTTLSLKT|, VEUPOTIPOGTATEVTIKI] KL TIATOTIPOCTOTEVTIKT]
SpAOCELG, EV® TNV THpovoa AvVOOoKOTNoN avaAlovTal oL TapaSOCLOKES
XPNOELG, ) PUTOXTUELQ, OL TEKUNPLWUEVEG PAPUAKOAOYLKEG SPACELS KL 1
Ao @aANG Xp1iomn Tov. AdGyw TOov LSLaiTEPOV PUTOXM KOV TOU TPO@IA Kot
TOU €VPOUG TWV PAPHAKOAOYIKWV Spdoewv Tov, To €i80G P oleracea ov-
*YLYTTPA®EAY  umeplapBavetal atnv KaBnuepvr Slatpo@n o€ TTOAAEG XWPES, AAAQ ETTi-
AAAHAOTPA®IAX:  onG XPNOLLOTIOLEITAL EQAPHOCUEVA GT KOGUNTOAOYIot KABWGS KoL 0€ GU-

I. X4vov, ichinou@pharm.uoa.gr ~ pmAnpwpata SlTpo .

INEPIAHYH

1. EIXATQIr'H gupeia Yewypa@ikn eEATAWON 08 EVKPATEG XWPES
Tou KOGpoL 2,
To €iog Portulaca oleracea, n Yvwot| avipdria 1 H P, oleracea gival Bepamevtiko @utod g Evpw-

YALOTPISa, KATAVOAMVETAL 08 TTOAAEG TIEPLOXEG TG TMG, Tov Ipav kat Tng Ivsiag, pe loTtopla apxaldTepn
Evpwmmng kat tg Meooyeiov. Xapakmpiletat and  twv 2.000 etwv. Katatdooetal anod tov [laykdopio
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Opyaviopo Yyeiog (WHO) wg éva amod ta tAov xpn-
OlLOTIOLOVHEVA (PUTOBEPATIEVTIKA KAl CUUPWVA UE
TOAAOVUG €peuvNTEG Bewpeital “maykocua mava-
kew” 3. Eppavilel e0pog BepameuTikwy ISLOTHTWY
LLE TIOLKIAEG AVAPOPES aTNV TIApadoolaky| Oepamev-
TIKT KOl XPNOELS Yia T Bepameia eykaupdtwy, To-
VOKEPGAWY, 0AAA KAl SL@OPWY YAOGTPEVTEPIKDV
KOl QVATIVEVOTIK®WV voonuatwy . Exel onuavtikég
EQAPUOYEG 0T uToBepaTEia, AdYw TwWV HUoYoAa-
PWTLKWV KUL AVTUPAEYHOVWSWV SpAoEWDY TG

Katataooetal avapeoa ot TMAOVGLEG QUTIKEG
TMYES w-3 Amapwv 0&€wv Kat el8ikdtepa Tov alpha-
linolenic acid (ALA). Q¢ yvwotdv, Ta w-3 amoteAolv
amapaimta Aimapd o&éa ylo  Statrpnon g vyei-
ag, SpWVTAG MPOANTITIKE, OAAQ Kol BepamevTIKA
OTNV QVTIHETWOTILON TAdoEwV OTWS, oTEPAVIXING
vooov, umtEptaong, Swapntn, apbpitidag, kot GAAwY
PAEYHOVWE MV Kol auTodvoowv Ttabnoewv 1°, Adyw
™G XOUNANG oxéong w-6/w-3 AmMap®v, Tov NG
mpoacdidel VYMAN Swa-BpemTikn afia, pe oNUAVTIKO
POAO KOl OTNV PUGLOAOYLKN AELTOUPYiat TOU KAPSL-
AYYELKOU GUGTHUATOG 6.

To UTIKO aUTO €(60C GUVIGTA OMUAVTIKY TMYY|
Blo-6paotik®wv HETABOATWV pHE AVTIOEELSWTIKY
Spaon. Ot TokopepdAeg, oL Brrapiveg A, C xaL Tou
ouumAéypatog B, Spouv mpoAnmTika og kapdiay-
YELQKEG TTAONOELS KoL G€ AOLUWOT VOO |UATA, EVX
N Brrapivn A elvatl moAVTIUN oty Asttoupyla ™G
o6pacng. To @atvoAko @optio Tov QUTOU GUUBAAAEL
emiong BeTikd EvavTl TG aBNPOCKANpWONG KoL TOU
StaBn’. Melovéktnpa amotelel 1 Vapén opyavi-
KOV 0EEWV 0TA VTIEPYELX PEPT] TOV PUTOV OTIWG TL.X.
0&aALKOU KAl KITPLKOV, IOV PTIOPOUV Vi cuvEeBovv
UE UETOAALKA LOVTA PE OCYXNUATIOUO ASIAAVTWY OA&-
Twv (T.X. 0&aAikov aoBeatiov), avidvovtag tov Kiv-
Suvo epdviong ve@poABiaong L.

Ta tedevtaia xpovia n P oleracea poceAkvel @u-
TOOEPATEVTIKO EVSLA@PEPOV OE OXEDT LE TN SLVNTL-
k1| a€loTTomon SLPOPETIKWV TUNUATWY, TIEPAV TNG
Bpwong Tov, o GUVAPTNON UE TIG TTOAAEG BLOAOYIKES
Tov 8pdoels.

1.1 Botavikn Heprypapij

H P. oleracea elvat povoetég @uTIKO €(80G, HETPL-

Varvouni et al,, Pharmakeftiki, 33,1, 2021 | 30-51

Ewkova 1. Kapmol P. oleracea, kda pe pikpookomikd
Uavpa omEpuaTa.

Inyn: https://www.onlyfoods.net/wp-content/up-
loads/2012/04/Portulaca-Oleracea-Seeds.jpg

ag avamtuing, pue capkwdels PAactols Kat @UAAQ.
Tuvbwg sp@avilel épmovoa avamtuin. Ta @UAAa
elval Aela, ocapkwdn kat @Vovtal Kat evaiiayn
0To otéAeyos. Ta vl elval kiTpva kol PiKpa Kat
GUVAVTWOVTAL OTIG HAOXAAEG TWV PUAAWV 1] 6T O1)-
ueia StaxkAadwoewv Tov BAactol, e€eAicoovtal o€
oALPOELSEG KAPEG PE TIOAAG LIKPOGKOTIKE, Hahpa
yvaiotepd omépuata (Etkdva 1) 8,

1.2 Apoyostvuodoyia

H ouvnOng kown eAAnviki ovopaocia gival «avipd-
KAa», EV® O€ SLAQOPETIKEG YEWYPAPIKES TIEPLOXES
AVOPEPETAL KoL WG: avTpayAida, okAwitoa, xoipo-
BoTavo, TpevAd 1| yAlotpiba °. Kowés ayyAués ovo-
nooieg eivat: purslane, duckweed, little hogweed,
parsley, evw oe Avotpadia kot H.ILA. avagépetat
w¢ pigweed (emeldn) €xel xpnotpomomBel wg TpoPn
xolpwv), aAAd kot purslane, otn FaAAia pourpier
potager kat ot Kiva wg Ma-Chi-Xian &.

To 6vopa Portulaca Bewpeital OTL TTPOEPYETAL ATIO
™ AaTvikn A£EEN «porto» oL oNUAlVEL «PEPWY, KL
«lac» Tou onuaivel «ydAa», a@ol To YUTO ekKpiveL
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YoAaKTWOON YUUS 2, eved GALOL EPEVVITEG AVAPEPOUY
OTL TIPOEPXETAL AmO TNV AaTwik AéEN «portular
TIOU ONUALVEL «ULKPT] TTOPTO», TIAPATIEUTIOVTAS OTO
AVOLY X TOU KAPTIOV.

1.3 Apoyoictopia

To €i8og P. oleracea ava@épetal ywa tn Ogpameia mo-
AVapBpwY vOowv amd TV apyxatdtnTa, KaBwe Kot we
BoTavo KaTa ™G payeiag, a@ov SLLGKOPTILOUEVO YUPW
aTto To KpePatL ebewpeito OTL TTAPEXEL TTPOCSTAG N ATTd
KOKG TIVEUHaTa Kol EQLAATES 2 Ztnv apyaia Poun to
(606 XpNOLUOTIOLOUTAV YL TV AVTIUETMTILOT) TIOVOKE-
PAAWV KAl SUCEVTEPLAG, OKWANKWY TWV EVIEPWV KAl
SMypatwv ocavpwv. Meptypd@etal OTL €xeL opefloydves
810 TEg, evd ToAaoTepa atnv Kprjtn to ouviatov-
oaV OTOUG TIAOYOVTEG AmO aLUoppoides. Avaopés
amd v TapadociaKt) KWeJKN TPk} CUVIGTOUV TN
XPNOT TWV GUAAWVY TOU OTNV AVTIUETWTILOT STyHa-
Twv amd évtopa 1 @S, ™V emoVAWoT TANYWY, T
Bakxmmplaxn Suoevtepia, Ti§ apoppoides, awpoppayio
META TOV TOKETO K.A. AVOPOPES TWV BEPATIEVTIKWV
810 TWV TOV PUTOV UTIdP)OLY aTtd Tov BEdPPACTO
(372-287 mX.), TOU TO PVNUOVEVEL WG PAPUAKO YLK
TNV KapSLoK] AVETIAPKELN, TOV TTOVOAALUO, WTAAYIES,
apBpwkd odnuata kal Enpodeppia. O Aookoupidng
(40 pX. - 90 pX.) oto BiAio tou “Tiepi VANG latpkng”
(De Materia Medica) mpoTteivel ™ xpron Tov o€ EAK0G
OTOUAXOU KAl TIOVOKEPAAO, WG AVOAYNTIKO, KATATIPA-
UVTIKO, OVTLTUPETIKO KAl avTWTEPTACIKS, KATA TNG
Suoevteplag, og SMypata coaupwv Kal @BLWV Kal o€
TAB1OELG TOU OUPOTIOTIKOV KAL TIEMTIKOY CUOTI A~
106. O IMAiviog (1% audyvag p.X.) avépepe To €i80G pe To
6vopa «porcilaca» kat To Bewpoloe WG TPAYUATIKN
Tavakewx oto £€pyo tou, “Naturalis Historia” . Akoé-
no, o AyyAog ouyypagéag kal Botavikog, Evelyn, oto
BiBAio Tou «Acetaria» (1699), ava@épel To EUTO WG
«Purslain» kai «Portulaca» kot To Teplypa@el wg evu-
SaTIKO Kot SpOCIOTIKO 0TV AVTILETWTILION TG Sipag
KO 06 EVIOYXUTIKO NG Opetng M.

2. EONOBOTANIKH-ITAPAAOXIAKEX XPHXEIX

To @uTO XpnolpomomBNKe Yo SLATpoP], dAAQ KoL
Yl TNV QVTIHETWTILON acOevEL®V amd Toug apyai-
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ovug 'EAAnveg kat toug Pwpaiovg (Keg. 1.3), evo ava-
(PEPETAL GUXVA KL € EVOAAAKTIKA cuoTnuata Oe-
PATIEVTIKNG, OTIwG o€ Ayurveda kat Unani. H tpoT
KATAyEYPAUUEYT] XPTIOT) TOU XpovoAoyeital Ttepl Tov
500 w.X., omv Kiva. lMapadooiakd, avagépetal wg
g0 0T YEU O, LE AVAKOUPLOTIKEG, ATIOTOSLVWTIKES
KOl OLPHOOTATIKEG LO10TNTEG. [Bayevels mAnBuopot
™m¢ Apepknig (IvSidvol) xpnowomololoayv To QuTO
otn Bepameia TOL KPUOAOYNHATOG KAl WG aPEYMUA
OTNV QVTILETOTLON apOpitidag kol Ke@aiaiyiag,
EVW 0 YUHOG TOU GE PAEYUOVEG TWV YEVVITIKWY 0p-
Yavwv Gppevog 1 EyXUupa Twv @UAAWV pe AvEAQLO
(adowpn) og puikolG TOVOUG TOU auxEva. LTV Ta-
padootakn Kiwvelikn latpikn eival yvwoto wg «Aa-
XOVIKO Yo HEYAAN Stdpkela {wng», Aappavetal amo
TO oTOpX Yo T Bepameia Suoevtepiag kat eEwTe-
pIKA o€ owdnuata, aoppayieg (WTpag, alpoppoi-
Swv, TANYWV), oe gpuoimedag, eklepata, Sypata
@Lwv/evtopwv. [poteivetal emiong otn Bepameia
Kapdlayyelakwyv Tabnoewv, Sucovpiag, Suoevtepi-
0G KL OTOUATIK®OV EAKWV. Ppéoka GUAAX EQApPUO-
Tovtav eEwTePLKA Yo avadynoia kat wg 8poctoTiko,
1M Yl ™ SloupnTikr] Tov Spaomn (Eyxuua).

Ymv Hapadooiaxn latpikn g Evpwmng €xet
xpnowomowmBel otnv Itadia, évavtt ke@aiadyiag,
Suoevteplag, EVTEPIKWV TAPAGLTWY, OUPOTIOLOYEV-
VNTIKOV AOHOEEWY, SypaTa EPTETWY, ALLOPPOi-
8¢, o€ oUAITIOEG, Seppatika efavOnpaTa Kot akum.
Zmv EAAGSa katavadwvdtay vwTo 1) HayELPEUEVO,
KOT& TOUG XELUEPLVOUG UNVEG, ATIOENPAUEVO WG TOAL
yla TovOAaLpo Kat wtoAyia, KaBwe Kot yio Ty avtt-
HETWOTILON VYNA®OV eTMESWY XOANOTEPOANG. ZTNV
lomavia ta oméppata AapfAavovtav amo Tov oTOP-
TOG O€ AVATIVELOTIKA TipoBAnpnata, Bnxa, avopeéia,
VPNAS TTUPETO Kal eEWTEPIKA o€ APOeC. Ta uTtEpyELa
HEPT YL TNV AVTLUETWTILOT BriX0, cuxvovplag, UTEp-
TN, ke@aAadyiag kal apBparyiag. Ztnv Kdmpo ta
UTIEPYELQ PEPT) XOPMYOUVTAL Ylot avakov@Llon Yu-
XIKOV SLATopaywV, HUOCKEAETIKGOV TPOBANUATWY
Kol o€ KapSlayyelakés mabnioetg. Ztnv A@pikn €xel
emiong mMoAAEG TTapaSocLaKEG XPNOELS OTwS éva-
VIL UTEpXOANoTEPOAaLpiag, SVGTIVOLAG, YAOTPIK®OV
mpoBAnuaTwy, Safnn, vméptaong, typopitidag,
WTaAyiag, TovoSovTou, WG TAPAGLTOKTOVO K.4.

ZUVOTITIKA, OL TILO GUXVEG QVAPOPEG OE Tapado-
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olakEg xprioelg g P oleracea @aivetal va glval yla
™ Bepamela TOVOKEPAAOV, PAEYHOVWDV, 0SOVTIKWOV
TPOLANUATWY, CTOHAYIKWV KOl AVATIVEUGTIKWV TO-
B oWV, EVIEPIKWV TIAPAGITWY, TTUPETOV, KABWG KAl
yla TV EMOVAWON HKPWV TANY®V KAl EAKWOV 1213,

3. PYTOXHMEIA-KYPIA XHMIKA XYXTATIKA

Toppwva pe ) BpAoypapia, pexpt onuepa €xet
amopovwOel/aviyveuBel peydio e0Pog MUKWV oL-
OTATIKWV, OTIWG PAaBovoeldr], aAKaA0ELSY, Koupa-
piveg, TepTeVOELST], 0pYaVIKA 0EEa, OAAG KaL AtTtapd
0&éa, 0TEPOAES, TOAVCOKYXAPLTES, BLTapives Kot Lyvo-
otoela [Ewkova 2].

3.1 dAaPovocién

Ta @AaBovoeldr) eival pia amd Tig kOpLeg katnyopi-
€6 Sevtepoyevwy pHeTafoAlTwy, HE Ta eMiTeSA TOVG
Vo TIOLKIAOUV avAAOYQ HE TO TUNUATA TOU QUTOV.
Ta vymAdTEPA TTOGOOTA EPPVIiOVTAL OTLS PIlES KL
akoAoVOwG o€ BAAGTOVG KL UAA .

6 €ldn @Aapovoeldwv £xouv ava@epOel, (kapt-
@ePOAN, amyevivn, AOUTEOALVY, HUPLKETIVY, KEPKE-
Tivn, yevioteivn)#1*% Akopa, ta opo-tco@Aafoveldn
portulacanones A-D, am6 vépyeia pépm Tou UTOU
amoTEAOVV [l EExwpPLoTr Katnyopia 1.

Ta @AaBoveldn elvat yvwotd Blodpactikd cuota-
TIKG& KoL cuoyxetilovtal pe TV avtlo&eldwTik Spa-
o1 Tov uebavoAlkov gkyvAiopatog ¢, v Ta opo-i-
00-PAaPOVOELST] €YOVV EUPAVIOEL KUTTOPOTOSIKN
Spaom, EVavTL KUTTOPLKWY GEPWV .

3.2 AAkaiocLdn

Ta adkadoeldn amotelovv katnyopia Sesutepoye-
VOV LETABOALTOV HE PEYAAO EVELOPEPOV GTO PUTO.
Ta mpwtoAkaroeldn (vevpopetafifactég) L-Dopa,
VTOTIapiv Kol vopadpevaAivny elval pepka amo
QUTA OV £X0UV avixveLBel 13, pe Ta emimedd Toug va
elvat vYMAGTEPA 0T PUAAQ GUYKPLTIKA BAaoTtols
kat oméppata. Emmpocheta, o Stadvtng ekxVAlong
EMMNPEAlEL TOCOTIKA TNV TapaAafrn) Toug 8. O peta-
[BoAiteg oleraceins A, B, C, D kat E kot ToAAol dAdoy,
o0mwg ot (3R)-3,5-bis(3-methoxy-4-hydroxyphenyl)-
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2,3-dihydro-2(1H)-pyridinone kot 1,5-dimethyl-6-
phenyl-1,2-dihydro-1,2,4-triazin-3(2H)-one omote-
A0UV VEX aAKaAOELST] IOV amopovwOnkav amd To
@UTO 2 kot €xouv gpavioel loxvpn avtloEeldw-
TN 8pdon 2. TéAog, o petaforitng oleracone £xet
TIPOVUCLATEL LOXUPT aVTLPAEYHOVWOST Spdom 2.

3.3 Mimapd oééa

To €ibog P, oleracea, amote)el TAoVoLL QUTIKY TINYY)
-3 Amapwv 0&éwv Tov ouViBwWG CUVAVTWVTAL OE
Ovedaia koL oavidtepa o€ PuTA. Ta w-3 Amapd Ko-
TEXOLV éva TIOAD ONUAVTIKO pOAO oTNV evioyuon Tov
QVOCOTIOWTIKOU GUOTIHUATOG, KAOWS KAl aTnv TIpo-
ANUm kot Bepateio VTEPTAONG, OTEPAVIAIAG VOGOU
Kot GAAwvV @Aeypovwdmyv Siatapaywv 2324, Tlepiexel
o€ 0c00TO péXPL kat 30% a-linolenic acid (ALA) (w-
3), 0AA& ka GAAa amapaiTa Amapd o8én, OTwWS Ta
palmitoleic (w-7), palmitic, linoleic (w-6), oleic (w-9),
stearic, eicosapentaenoic kat docosahexaenoic & 132

3.4 Tepmevoelbn

Ou petafoAiteg portuloside A kat B, aAAd kat GA-
Aol povotepTevikol YAUKOoiSeG KoL To SitepTé-
vio portulene éyouvv amopovwBel amod to eidog P
oleracea, eV TIEPLEXOVTAL KL SLAPOPA TPLTEPTIEVLA,
OTIwG 1 ovolia portulacerebroside A 13,

3.5 AAAa ovotatikd

To @uTO eivat mAovolax Ty Brrapivig A, Brtapvaov
Tov oupmAéypatos B (ptBo@Arafivn, viaaivn kat mu-
ptdokivn), Brrauivng C kat a-toko@epoAng. Emiong,
TepLéEXeL (yvootoeia: K, Mg, Mn, Ca, P, Fe, apvotéa
(ooAgvkivn, mpoAlvn, Agvkivn, Avcivn, @avvuia-
Aadivn, pebelovivn, kuoteivn, BaAivn, Bpeovivn, Tu-
pocivn), kaBws kat B-kapoTévio (KOPOTEVOELSES),
bergapten (@oupavokovpapivn) kat peAaTovivn

(oppovn) 72,
4. AIATPO®IKH AEIA-YTEIA
H P, oleracea £xeL vymAn Sia-Bpemtikn ofia, TepLéxo-
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VTOG QUTIKEG (veg, TAN00G BLTAUIVOV Kal LYVOoTOoL-
xelwv, pe xaumAd Beppuidikd @optio kot pe vmAd
emimeda B-carotene, Brtapivng C kot alpha-linolenic
acid (ALA) 1225, Amtotelel e€aipetikn mnyn Brrapiving
A (44% tov RDA) 2°, Brtapvwv Tov oupmAéypatog B
(riboflavin, niacin, pyridoxine), kaBw¢ kat péTaAAa
(Fe, Mg, Ca, Kxat P) 2. "ExeL avapepBel 6TL TEPLEXEL 5
Popég UPMAGTEPA TTOGOOTA 08 W-3 AITtapA 0&€a atd
10 omavakt Ta wpéya-3 Atmapd oféa avnkouvv ota
amapaitta ToAvakdpeota Atmapd o€ Yl Ty av-
Bpwmivr avamtudn, v TPOANYN KAPSLAYYELAKWOV
madnoewv, cuPPBAAAOVTAG G TN TOVWOT TOU AVOGO-
TOMTIKOV CUCTIUATOG 26,

Ta Papla kat Ta yBvédaian Bewpovvtal ol TAoL-
Ol0TEPES TNYES W-3 ATIHPWV 0EEWV KL GUVIOTATAL
1 KATAVAA®WGT TOUG G€ TAKTIKN BACT Yl TNV KAAV-
ym nuepnowwv avaykwv. H P oleracea w¢ mlovoila
@utikn Tyn ALA * pmopel va BewpnBel avaykaia
TNy TAPoxNS w-3 Amapwy Kupilws o SLaTpoPLKES
opddeg mAnOBuopovy (.. xopTOo@AYyOl, vegan K.d.)
IOV §€V KATAVOAWVOUV {WIKNG TIPOEAEVOT|G TIPWTES
UAgq. T'a Toug apatmdvw AGYous TapdAAnAa He Ty
gvpeia yewypa@ikn eEATA®ON TO QUTIKO auTo €(60¢
KATATAOOETAL aQVApEca oTa TAE0V oELOTIPOCEKT
yla TEPALTEPW XPNOELG 12,

5. BIOAOTIKEX APAXEIX

H P. oleracea mépa amd T xpron s ws PLoAet-
ToUpYLkO TPO@O 2° €xeL xpnoipoTomnbel OTwg
ava@epOnke BepamevTiKd, ep@avifovtag mAn6wpa
PAPUAKOAOYIK®WV SpACEWY OTIWG AVTIOEESWTIKTY,
NTMATOTPOCTATEVTIKY], AVAAYNTIKY, €MiSpacn oTo
HETABOALONO, QAVTLEAEYHOV®DOT], aVTLUIKPOBLaKT),

KUTTOPOTOEIKY] KOl VEVUPOTIPOCTATEVTIKY Spdon
12,13

5.1 Avtibapntikr) Spdon

0 caxyapwdng SaPrg amoterel Statapayr Tou
petafoiiopol) Twv LV8ATAVOPAKWY, HE ATIOTEAECUA
™mv av&non ¢ TUNS ™S YAUKOING Ttou aipatog,
TPOKAAMVTAG TIpofApata og Stapopa GAAa 6pya-
VO KAL CUCTHHOTA OTIWG VEQPOUG, NTIAP KL VEVPLKO
ovoTtnua 2. YIapxouv ava@opes amd v mapado-
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olakn Bepamevutikn Tov Ipdv yua xprion plwv, @UA-
AWV KL OTIEPUATWV AVTPHKAQS GTNV OVTLUETWTILOT
oakxapwdous S . ZUUPEWVA HE TEPAUATIKA
Sedopéva in vivo oe emaydpevo Stafrtn pe Alloxan
EUPAVIOTNKE VTOYAUKOLUIKY] KOl UTIOALTILS OLULLKY
Spaom pe xopriynon vdpo-atbavoikol ekyvAioua-
TOG oTepUATwV Tov 28 [loAvoakyapiteg Tov @uTOV
€xouv avaepbel yia T Spdomn toug otn pubuion
™G YAUKOG Tou aipatog kol Tou PeTABoAlopHoV
Twv Mmbiwv o€ in vivo Telpapata oe StafnTikoug
TOVTIKOUG . AkOpa, attd Tov 6TOUATOG 1) XOPTYyNno
OKATEPYAOTWY VSATOSIXAVT®OV TOAVGAKYAPLTOV
amod T pileg Tou uToL Mapovcsinoce afloonueiw-
™ avénom Tov cwHATIKOU BAPOUG KAl OTATIOTIKA
onuavtiky BeAtiwon g avoxng otn yAvkoln oe
Safntikovs apovpaiovg 30, MeAéteg oL UTIOOTN-
pifouv Vv avTiSlafntikn §pdon kat Tnv avtiotaon
otV vooviivn Swamiotwoav BeAtiwon ¢ avoxns
oTn YAuKO(n kot tou petafoAlopol twv Amisiwv
o€ apouvpaiovg pe caxkyapwdn Swafrtn tomov 2 3L
TéA0G, o€ TIPOCPATN EMOKOTTOT KL HETA-AVAAUOT)
amd toug Hadi et al. 32 ava@épovtal ol OeTikeg emi-
Spaoelg P oleracea w¢ mpog TOUG YAUKALULKOUG Sei-
KTEG KAL TV MTESWV Twv AtTSiwv oTo aiua, petd
atd xopnynomn (CUUTANPWUATOG GE HOPPT) KOVEWG)
o€ SlafnTikd dropa.

5.2 Avtioésilbwtikn bpaon

TuoTaTIKA Kal ekYVAlopata pe avtloEeldwtikn Spa-
omn Bewpovvtal 6TL cupfdArovy BeTIKG GTNVY TIpOCTA-
ola évavtt elevBépwv pLlmV Kol GAAWV TTapaTpol-
OVTWV HETAPBOAKWY SLASIKAGLWOV, IOV TIPOKAAOVV
o&eldwTIKEG aAAoLwoEelS Kot Kuttapikés BAGPes. H
avipdrkda OTwG €xel amodelXTel, QUTOXNUIKE aTTo-
tedel pla yn vmAn g Sta-Bpemtikng akiag pe vm-
AN avtio€eldwtikn dpacm. Avt 1 Spaon oeideTan
ot BLOSpaoTIKA OLOTATIKA OTIWG: W-3 ATAPQ,
Bitapivn C, a-toko@epoAes, kat @Aafovoeldn -
MeAeteg €xouv Seiel OTL eKYLAIOHATA TOU PUTOV
BeAtiwvouy ta emimeda SelkTt®V 0EEBWTIKOY stress
(GSH ko TAS) xat Tng duuvag Tou opyaviopol o€
Slafintkovg apouvpaioug, xaplg oy Lelwon TG Ta-
PAYWYNG TwV EAEVOEPWY PL{WV OE EMAYOUEVO ATIO
streptozotocin Stxfntm 3.
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5.3 AvtipAeyuovwdng dpaon

MeAéteg avagépovv Tn Betikn Spdom Tou PUTOU
oTn @Aeypovi. Ze in vivo épguva cge apoupaiovs
eMayouevns apBpitidag pe amd Tov 0TOUATOG XO-
pnynon ekxvilopatog twv @VOAAwv P, olaracea L.,
ELPAVLIOE TAPOUOLA SPACT] LLE TOUG TIEPLOCOTEPOUS
un oTePOELSElG AVTUPAEYHOVWEELS TTOPAYOVTEG 12,
AlBavolikd exyVAlopa (10%) vmépyslwy TUNUA-
Twv (Enpd @VALa kot BAaoctoi) P oleracea L. ma-
POUGINOE OTATIOTIKA GNUAVTIKI] AVTLOAEYHOVWDET
KoL avOAyNTIKY 8paom, LETG amd evEoTEPLTOVAIKT)
KO TOTILKT] XOPTYNON TOU EKXVAIGHATOG, GUYKPLTL-
ka pe Bepameia avagopds (diclofenac sodium) 34,
Emtiong, éxet afloAoynBei n avtipieypovwdng Spa-
on TOU aAKaA0€l80UG oleracimine ep@avifovtag
TOAU Loxupt] 8pdom, HE AVAGTOAT TNG TAPAYWYNG
vitpkol o&eldiov kat Soco-gfaptwpevn pelwon
TWV EMMESWV WVTEPAEVKIVIG 6 KAl AAAWV Ttaparyo-
VIwVv (Tapayovtag vékpwong 0ykwv-TNF-a, vitpt-
k0 0&elblo kat TpootayAavdives E2) o kKUTTAPLKES
KoAALEpYELES 35,

5.4 Avtyukpoflakn Spaon

Ye mAN00g epevvwv éxel emBefatwbel afloAoyn avti-
Baxtnplakn 8pdon amd Ta VTEPYELA HEPT) TOV PUTOV
(LBPO-UAKOOALKO EKYVALOUN) KOLELSIKOTEPA TOU (PAX-
Bovoel8ovg apigenin évavtl Staopwv madoydvwv
HKPOOPYAVIOUWY, UE CNUAVTIKOTEPT QUTHG EvavTl
Twv S. typhimurium kol P mirabilis 3°. X& dAAeg peAe-
TG Mo PaiveTAL 1] SPAOT] EKYVAICUOTOG UTIEPYELWV
TUNUATWV TOU UTOV EVAVTL TWV OTEAEXWV S. aureus,
K. pneumonia, B. cereus kot A. fumigates 37, ka0 kot
aVOEKTIKWV 0TEAEXWV 0€ avTIBloTikd (erythromycin,
cefixime, ceftazidime, tetracycline, x.d) S. pyogenes, S.
pneumoniae, S. saprophyticus, H. alvei, A. baumannii, E.
faecalis, P mirabilis, S. marcescens koL S. aureus, amo-
TEADVTOG EVAAAXKTIKT) AVOT] OTIG TIEPITTTWOELS AUTES
38, Emiong éxel gpaviosl avtipuknTiaoiky Spaon
£vavTi Sepuato@uTwV Tov Yévoug Trichophyton °.

5.5 Apdon otnv vepAtmiSapia

H Statapoayr) Twv QUOLOAOYIK®OV ETUTESWV TWV AL-
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mSlwv Tov alpatog (xoAnotepoAn-TC, TpryAvkepi-
51a-TG, LDL-yoAnotepdAn-LDL-C) cupdaAiel onpa-
VTIKA 0TV avénon kapdlayyelakmyv madnoewy Kot
cakyapwdous Safnm. H @apuakevtiky mpocey-
ylon pe ta Slabéopa amod TV ayopd KEVACHATA
(pwmpdateg kal otativeg) val pev odnyel oe avtt-
AmSatpikn 8pdom, aAAd T CUVOETIKA AUTA PAp-
HOKO PUOLKA gV aToTEAOVUV NTILA TIPOGEYYLOT) OTT|
Bepameia, efaltiag Twv avemBuunTwy Spdoewv
Tov gp@avifouv . T auto To Adyo 1 TpooTddeila
€VPEONG KAl XPNONG PUTLKNG TIPOEAEVONG SpACTL-
KMV OVOTATIKOV EKSNA®VETAL 0AOEVA Kal TLo 61)-
HO@LANG.

[ToAAég épeuveg €xouv OTPAPEL O TTAPACKEVA-
opata P oleracea pe a&loAdynon tng Spdong toug
otnv vmepAmibatpio. e eVALKOUG apoupaiovg
Huetd amo xopnynon dexamethasone yiwa 8 mué-
pes ep@aviotnke 0Tl aBavoAikd ekxyVAlopa @UA-
Awv tou @uTtoL (200 xat 400 mg/kg) mapovciaoe
OTUTIOTIKA OMUAVTIKY TapeUmodion tng dpdaong
dexamethasone, Statnpwvtag Ta emimeda yoAnote-
POANG KaL TPLYAUKEPLSIWVY O€ PUGLOAOY LKA ETTITIES A
#1 Xe AAAN in vivo peAétn apovpaiol ortiotTnkayv Ue
oltnpécto VYNAG oe XOANOTEPOAN yla emaywyn
vmepAmiSatpiag. Xe oUYKEKPLUEVEG OLASES (wwV
xopnynOnkav otativeg (lovastanin) kat oe GAAegg
véaTikd ekyVAlopa Tov @UTOL. Ta amoTteAéopata
™G HEAETNG E8EIEAV OTATIOTIKA OTUAVTIKY MElWOT
Twv emmédwv TC, LDL-C, VLDL-C, ev® mapdAAn-
Ao onuewwdnke avinon twv emmédwv HDL-C otig
OUASEG YXOpPNYNONG TOU @PUTIKOU EKYVAIGHATOG,
oupmepaivovTag OTL 1| XOP1YN 0T EKXUAIOHATOG o€
86om 150 mg/kg Bapoug cwpatog epgavilel kap-
SlompooTacion HE TPOANTITIKY KAl OepATEVTIKN
Spaon évavtt ¢ vepAtmiSapiag 2. MapdAinia,
0€ GAAN PEAETN EP@AVIOTNKE VTIOATISALUKO QTTO-
TEAEOUA ATO TPl SLOPOPETIKA TAPACKEVACHLOTO
BAaotwv P. oleracea, koviomounpévrn Spoymn, €yxv-
no kot 70% aBavoAiko ekxvAopa, oe {wa (Wister
Albino rats), mouv AdauBavav oitmpécio VPMAwY
Bepuidwv. H xopnynon tTwv mapaoKeVaoUATWY oU-
Twv Bedtiwoe To cwpatikd Bapog, Ta emimeda TC,
TL (oAwa Amidia), LDL-C, VLDL-C kot peiwoe v
avaAoyio KtvSUVOU CUYKPLTIKA PE VTTEPALTILS ALK O
naptupa 3.
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5.6 Hnatompootatevtiky) Spdon

H P, oleracea €xeL pedetnBel kat wg PO TN TTPOCTA-
TEVTIKI NG SPAOT) £VAVTL ETAYOUEVNG NTIATOTOEIKO-
mrtag ano cisplatin og eufpuikd Nmap veocowv. H
cisplatin oé1ynoe oe ainon pe Soco-efaptTwevo
TPOTIO SLAPOPWV BLOXM UKWV TAPAUETPWVY TIOU £&e-
Taobnkay, (M. emimeda Tpavoapvaong aAavivng,
TPAVOAULVAOTG AOTIAPTIKOD OAKOALKNG @Wo@a-
TGoNG K.4) Kot pelwon twv emmédwv avtlofeldw-
TIKOV evllipwy, OTwG vmepoteldiov ¢ Sopov-
Taong, Tepo&eldaon yloutabeldvng, avaywydon
YAOUTABELOVIG KL TPAVOPEPATT-S-YAOUTABELOVTG,
€v avTIB€oeL pe TNV Tpo-emegepyaoia pe ekyVALCHA
avipardag (éveon 1 kat 3 mg) OTIOV TAPOVCLACTNKE
TIPOCTATEVTIKI 8pdoT EvavTl TNG EMAYOUEVNG TIO-
TOTOEKOTNTAG, OTIWG PAVNKE aTd TA eMITIESA TWV
Bloxnuikwv TapapeTpwy 4

5.7 AvtieAkwtiki) pdon

Toppwva pe t BBAoypagio v8atikd ekyVALGHA
P, oleracea €xeL ep@avicel avti-eAKWTIKY Spaor o€
enayodpevo €Akog in vivo o€ albino rats xat n Spdon
aut] amodobnke ota @EAafovoeldny Tou TEPLEXEL
(KopTIEPOAN, ATILYEVIVY, HUPLKETIVY, KEPKETIVY Kal
AouteoAivn) 5. Ze GAAN in vivo peAétn aflodoynOnke
1 YOOTPOTIPOOTATEVTIKY] Spdon atbavoAikol ekyvu-
Alopatog 50% tov eidoug o€ emaydevo €AK0G, OOV
EUPAVIOTNKE OTL £XEL TNV LKAVOTNTA VX TIAPEUTIOS(-
CeL Vv ofeldwtikn PAGPN Tov yaotpukol BAevvoyo-
VOU aVaOTEAAOVTAG TNV VTIEPOEEISWOT TwV ATiLSlwY,
avéavovtag v pdon NG KATAAGONG KAl LELWVO-
VTG OTATIOTIKA ONUAVTIKA Ta emimeda vtepoEeldi-
ov G Slopovtdong emPBePalwvovtag TN yaoTpo-
TIPOCTATEVTIKT TOV Spaom #°. Te GAAN peAET ava@é-
PETAL OTLVSATIKO KoL alBoVOALKO ekYVALGHX QUAAWY
TOU PUTOV ePPAVICE Pelwor NG cofapdTnTAG TWV
emayopevwyv pe HCl edkwv, Soco-gfaptwpeva in
Vivo 0€ TIOVTIKOUG KAl TO OTOTEAETUATA NUTA NTAV
ouykplowa pe exelva MPOTUTNG ouoiag ava@opas
(sucralfate 0.1 g/kg) yia tig vmAEG xopnyoUpeVES 8§6-
OELG TWV ekYVAlopdtwv (0.8 g/kg vdatikov kat 1.4 g/
kg alBavolAikov), vroonpllovtag TV EREAVIOUEYT
yaotpoTpootacia .
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Mapakdtw Tapovoidlovtat oe Tivakes [Mlivakag
1, 2] oplopéveg €K TwV in vitro/in vivo TIpoKALVIK®V
KOl KALVIKWOV HEAETMV, TIOU EXOUV TIPAYUOTOTIOmOEL
070 £(60G auTO.

6. OEPAIIEYTIKEX EGAPMOT'EX
6.1 Xp1jon o€ KAAAUVTIKG

To @uTO €xeL xpnopomomBel evpéws oe TpoidvVTa
TEPLTIOINONG TPOCOWTOV Kal owuatog. OL amode-
Setypéveg 8pacels tou eival: avTloEElSWTIKY, avTL-
UIKPOBLOKT KAl QVTLPAEYLOVWDONG, CUVELCQEPOUV
otV vyela g embepuidag kat v mPoOANYM amd
T OTUASIX TNG YNPAVOTG. ZTA SPACTIKA CUCTATIKA
OUYKATOAEYOVTOL TA -3 Aapa o&ga, N Prrapivy
C xat ta yvootolxeia Cu kot Mn, loxvpd avtioel-
SwTkd Ttov Sleyelpouv TV TTapaywyr kKoAAayovou,
OUVELTEPOVTAG 0TV avTiyripavon. Eldikdtepa, Ta
KOAAUVTIKQ TIPOTOVTA PE QVTPAKAX £0TIAOUV KUpi-
WG oTa akdAovba 76

. BeAtiwon ep@dviong Séppatog (knAidwv
ynpavong), pelwon putidwv

. mpootacia Séppatog amd T aktiveg UV,
avTtlogeldwTikr Spaon

. avénomn avamiaong SEPUATOG, EMLTAXUVOT
£MOVAWOTG OVAWV

. BeAtiwon avamtuing Tou TpYwToL, AdYw
Fe xat Cu

6.2 ZuumAnpouata Si1atpoPiic

Yt Sebvn ayopd (extdg EAAGSaG) amavtwvtal
OKEVAOUATA PE AVIPAKAX WG CUUTIANpWUATA SL-
aTPOEMNG, Yl Xprion amo to otopa. Ta meplocdTe-
PO APOPOVV EKYVALOUA UTIEPYELWV TUNHATWY TOU
OUTOV (Kupiwg UAAR) KAl ATIAVTOVTAL GE HOPPN
kapakiov 1 BALLATOG, afloToLOVTAG TA 0@PEAN
OV ep@avifel 1 avTa Tov Ba pmopovcoav va aglo-
ToN 00UV TIEPALTEPW, OTIWG TLEPLYPAPOVTAL TP -
KATW:

. mAovoLa TINYN w-3 Aapwv 0E€wv

. YN BLTAULVOV KaL LYVOOTOLEIWV

. VPMA6 avtlo&eldwTiko @opTtio

. gvioyvon kapdlaxng vyeiag

. UTIOOTNPLEN YAOTPEVTEPLKIG AELTOUPYLOG
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7. AX®AAEIA XPHEHY -ANENIOYMHTEX ENEP-
T'EIEXZ-AAAHAETIIAPAXEIX

To @ut6 Bewpeital acEarég yia avBpomivy Ka-
TavadAwon eite payelpepévo, eite WO 0€ CAAATES,
aAAd kol wg @uTobepameLTIKO. OL TIEpLOGATEPES
KALVIKEG SOKLUEG SV ava@EpPouy avemBUunTES
Spaoelg. T'evikd, To UTO Bewpeital kKAAwG ave-
KTO OTOUG TEPLOCOTEPOUG XpNoTes. Qotdoo, o€
HEHOVWUEVT £PEVVA TIOU XPNOLUOTIOMONKE pHEly-
WO TIOAAWV QUTWV UE AVTPAKA®, HETAEY TWV ava-
QPEPOUEVWV AVETLOVUNTWV EVEPYELWOV NTAV Sep-
patikd eéavinua, Bupeoelditida kat mapaivon
veEVUPWV TOU TIPOCWTOV 77, Tg AAAN KAWVIKNY SokLum
ava@épbnke SuokolALdTNTA WG 1 POV TIAPEVEP-
yewa 78, AkOpa, ETIONUAIVETAL OTL OL YUVAIKEG KATH
™ SLdpKeELA TNG EYKLUOOUVNG SEV OUVIGTATAL VA
AapBdvouv to uTH o€ Bepameutikég S60€LG, Ka-
Bw¢ TpokaAel CUOTIACELG TNG UNTPAG, YU AUTO Kal
amokKAglovTal 0€ KAWVIKEG LEAETEG LLE per 0S XOp1|-
ynon P. oleracea **. EmmA¢ov, o€ peAéteg ofelag to-
EkOTNTAG TOV pEBavoAlkov gkyvAiopatog in vivo
0€ TIOVTIKLO, TTAPOVCLAGTNKE HETPLA TOEKOTNTA,
eV o€ LoTomaboloylkés £peuves To (510 ekyVUAL-
O PUIVETAL VO ELPAVIOE NTATLKI] KAl VEQPLKT
TOSIKOTNTA, YL AUTO KAl ATALTOVVTAL TIEPLOCOTE-
PEC UEAETEG, €18IkA Yyl TNV afloAdynon g xpo-
viag To&KOTNTAG TOV UTIKOV auToV eidoug 13,

Omwg éxeL N6 avaepOel, emeldn ota vépyela
HEPT TOU QUTOV, TEPLEXOVTAL A@Bova opyavika
o&ea, 0€aALKO KaL KLTPLKO, pmtopovv va cuvdeBovv
kupiwg pe Ca mpog oxnuatiopd ofailtkov aocfe-
otiov (adlaAvteg pop@EG), Le TapAAANAN avénon
Kw8Uvou gu@aviong veppoibiaong 7. Katd ovu-
VETELR, KOAO elval va amo@eVyeTaL 1] UTIEPKATA-
VAAWON TwV UTIEPYELWV LEPWV ATIO ATOUX UE OV-
poAlBiaon.

8. TOZIKOTHTA XE ZQA
MapdAo Tov N avipdkda TeEPLEXEL TTOAAG BpemTL-
KA otolxela kat elval euxaploto ylax avOpwTivn

KatavdAwon, exeL StamiotwOel 6TL pmopel va ep-
@avioel To&keG eMSpAoelg o€ {wa. ZUYKEKPLPEVA
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ep@avifel toflkotnta oe aypotTika {wa, {wa ov-
VTPOo@LAG (OKVAOUG, YATEG) Kol dAoya.

H cvuntwpatodoyikn eikoéva TG TOEKOTNTAG
o€ OKUAOUG, YATEG Kal GAoya TepAapuBavel puikn
advvapia, kata®Aupn kat Sidppota, e€attiag Tov
ofaAkov acBeotiov mMov mepLExeTal 0To PUTO 0.
Axopa cop@wva pe épegvveg, xopriynon P. oleracea
ot alyeg oe 80oelg Twv 5 g/kg cwpatikol Bapoug
1M ne ottnpéoto TOmov ad libitum (péxpL kopeopo)
Yo tepLé8oug 15-40 NUEP®V TIPOKAAETE TUNTIAVL-
ouo, Sudppola, amwiela opeing, vmvniia, advva-
plo TwV AKpwV Kal KATAKALOT, akoAovBovpevn
amo 0&vato evtog oAlywv NUEPWYV, LLE VEQPLKN KaL
nmatiky PAGPn 8L EmmAgov, ava@opég yia 8n-
Antnplaocn amd P. oleracea €xovv yivel Aoyw Twv
VITPLKOV KoL VITPWEWV aAdTtwv og ipofata 8182,
alyeg 88 kot Booeld 8485, TuumtwUATOAOYIKA
Kata ™ vekpoPia mapatnpnibnke kudvwaon, oe
ouvdvaopo pe Babl kaotavd alpa oto pVikd ov-
oTNua, VTToSNAwvovTag SNANTNPLAcn AT VITPLKA
KaL vitpwon 8L

9. XYMIIEPAXMATA

Iop@wva pe TNV Tapoloa aVoHoKOTINOT KAl Adp-
Bavovtag vOYN TA ATOTEAECUATA TWV QAPUA-
KOAOYLKWV EPEVVWV, IN Vitro Kal in vivo HOVTEAWY,
000 KL TWV KAWVIK®WV HEAETWV, TO €(80¢ Portulaca
oleracea, n YvwoTn pog avipdkia, ep@avifel ToA-
A€¢ BeTikég Spdoelg otnv avBpwTvn vysia. Meta-
&0 aAdwv mapovolalel avTiSlafnTiKy, avilpAey-
HovwoT, avTIHKpoPLaKy], VEUPOTPOCTATEVUTIKY,
NTATOTPOOTATEVUTIKY KAl AVTIEAKWTLKY Spdaom.
0L 8paoelg avtég amodiSovtal oTNnV TOKIAIX TWV
XNUKOV KATNYOPLOV UETABOALTWV TTOU aViXVEVO-
vTal 6to @UTO auTd. Tepiéyovtag vPNAG emimeda
w-3 Amapwyv, amotelel pla amd TIG TAOUCLOTEPES
PUTIKEG TINYEG. OL OUYXPOVEG AVAYKEG TNG AYOPAS
Yot EVAAAXKTIKEG TINYEG W-3 ALTTAPWV 0EEWV KaL 1
TEPLOPLOUEVT] TTApAYwYT BveAaiwY, Sikatodoyel
™ GTPOPN TPOG TNV AVEVPEST KL XP1on GAAWY
emiyewwv Tnywv PUFA, pe to €ibog ¢ Portulaca
va pmopel SuvnTIKA va amoTeAgoel Eva TOAvo
vmoym@lo-avtaywvioty tous. Tavtdxpova amat-



BapBouvny et al, dapuaxevtiky, 33,1,2021 | 30-51

Mivakas 1: Mpo-kAwikég pedéteg in vitro/in vivo oto €i80¢ P. oleracea.

Varvouni et al,, Pharmakeftiki, 33,1, 2021 | 30-51

BiBAoypagia

Oepamevtl- | ApAGTIKY OV- Adoeig/ Yrokeipeva MeAétn (mepa- | Mepapatiko
KOG 6T0X05 | ola/@uTIKO TPOTOG X0- | peAsTng/ RaTIKO HOVTELD, | AMOTEAEOUQ
TApAGKELA- prynong KUTTOPLKEG Suapkera)
opa OELPEG
Y8atik6 & aba- | 0.2, 0.4 kat Apoevika Awdpkela: 10 Mewwpéva Karimi et al.,
VOALKO €KYVAL- 0.8g/kg / wistar rats eBSonddwv. emimeda ov- 2010
opa (vmépyewwv | 0.5, 1 ko 2 [IpdkAnon ema- plag koL kpe- avagopa 47
HEPWV) g/kg, evdo- YOUEVNG VEPPO- atwivng oto
TEPL-TOVA- ToélKOTNTAG A0 | MAGOpA TOU
ik cisplatin aipoatog
Y8atwko exxvAi- | 400 mg/kg, | Albino rats Awgprela: 15 nué- | Mewwpéva Hozayen et al.,
opa (uTépyela per os (Rattus nor- peg. [IpoxAnon emimeda ov- 2011
uépn) vegicus) EMAYOUEVNG VE- plag, oupwko¥ avapopa 48
@poTo&IKOTNTAS | 0EE0G KAl KpE-
Ne@pompo- amo gentamicin atwivng oto
OTATEVTLKY) n?\doua Tov
aipartog
ABavoAko ex- | 100,200 ko | Rats Awdpkela: 15 Apdon katd Kishore et al,
xVAopa 400 mg/kg/ nuépes. [pokAn- | ovpoABiaong 2013
nuépa om EMAyOUEVOL avapopa 49
per os oxXNUATIoROV
ofaAko¥ aoPe-
otiov kat ovpo-
ABiaong amod
ethylene glycol
KoL ammonium
chloride
ExyOAlopa TeAikég ov- PC-12 xutta- Ymogla AvEnonken fuww- | Wanget al,
purslane (8ev YKEVIPWOELS | PLKEG OELPES OOTNTA TWV 2007
TpoodlopileTar | Tovu ekYUAL- VEUPLIK®V KUT- avagopa 50
TUpa 1 €idog opatog 0%, TAPWV UTIO CLV-
ekxvAiopatog) 5%, 10%, Bnkeg umodiag
20%
ExyVAlopa 1 g/muépa Apoevika BAL- | Awdpkela: 7 nué- | AvEnon twv Wang et al.,
purslane (6ev per os B/c mice PEG. ZUVONKES ETTES WV 2007
TpocdlopileTat vTmo&iag ATP, lactate ava@opa 50
Apdonoto | THMHaT eidog dehydrogenase
VEVpIKO EKYVAlOpATOG) (LDH),
cVoTNpX phosphofruc-

tokinase (PFK)
KoL pyruvate
kinase (PK) o¢
VUTIOEIKT) EYKE-
@aAikn BAGBN
Tou Aolov/
avgnon g
£K@paoNG TOU
mRNA t™¢ gpv-
Bpomomtivng
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Mivakag 1, ovvéyela.

Apdom 6To
VEVUPLKO
ovoThua
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ABavoAko ek-
XVAopa (uTtép-
YELWV PEPWV)

Y8atikd exyv-
Alopa (vépyela
uépn)

Y8atiko exyVAL-
opa (vEpyela
uépn)

Y8atiko eky¥-
Aopa (BAaotol
Kot @UAAQ)

[MoAvoaxyapi-
1e6 (amo véa-
TIKO ekYVALGHO
TOU (PUTOV)

2 mg/kg per
os

1.5 mL/kg,
per os

2.5-10 mg/

kg/muépa,
vTodopLa
éveon

1.5 mL/kg,
per os

100, 200 kot
400 mg/kg,
per os

ICR mice

Rat

SD apoevikd
mice

EvijAwa ap-
OEVIKA wistar
albino rats

Apoevika
Kumming mice

Awdpxela: 7 nué-
peG. ZuvOnkeg
vTo&iag

[IpdkAnom ema-
YOUEVNG ATIO
rotenone gyke@a-
Awcng BAaBng

Awdpkela: 10
eBdounddeg.
[IpdkAnom ema-
YOuUEVNG ATt
D-galactose vev-
POTOEKOTNTAG

Awdpketa: 12 nué-
pes. AEloddynon
emidpaong otoug
vevpoSiafia-
OTEG

Awdpkela: 30
NUEPEG. AoKiun
KOTAVAYKOOTIKNG
KoAOpPNoNS

APOPO EINIXKOITHXHZ
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Ateyépbnken Wanyin et al.,
£K@paon gpu- 2012
Bpomomtivng avagopa 51
o€ emimeda
mRNA kot
TpwTEivNG/
pELwONKQV ETTi-
TESA EVOAAONG
Kat 8pdon ev-
0oL KaoTI&-
on-3
AvaoTtoAn Abdel Moneim,
petafoiiopov | 2013
dopamine kot ava@opa 23

™G aAMOMTW-
01§ 07O pa-
B8wTo cwpa

Avatpom xpo-
V10§ VEUPO-TO-
SO TOG

ato d-gal ko
BeAtiwon atmo-
TEAEGUATWV
KQTA TNV T
patipnon mg
OUUTEPLPOPAG

AV&non emumé-
Swv serotonin,
norepineph-
rine dopamine
Ko

acetyl cholines-
terase o€ pépn
TOU EYKEPAAOV

AVEnon tov
XPOVOU KO-

AOuBNoNG Kat
avtoxms

Hongxing et al.,
2007
ava@opa 52

Moneim et al.,
2012
ava@opa 53

Xu & Shan,
2014
avagopa 54



Mivakag 1, ouvéyela.

Apaom 6To
petafoAt-
opno

Hnoatompo-
OTATEVTIKY)

Spaom

Kvuttapoto-
§wkn Spaom)

[pwTeivikng
@UOEWG OL-
OTATIKA TOV
VSATIKOV EKYL-
Alopatog (6Aov
TO (PUTOV)

Mei&n omepud-
Twv Purslane/
pumpkin (yAv-
otpida/ koro-
K00a)

Y8atiko ekyOAL-
oua (uTtépyelwv
HEPWV)

Y8atiko-aba-
VOALKO EKYVAL-
opa (80% v/v)
(vtépyelwv
TUNUATWY)

Y8atikd kat o-
0avoAko axa-
TEPYNOTO EKYVU-
Alopa UA WY

77.5 mg/kg,
evlomepLto-
vaika

2g/100g
outnpeciov

300 mg/kg/

nuépa, per
o0s

0.01, 0.05,
0.1 xat 0.15

g/kg

ZUYKeEVTPW-
OELG:
10.000,
1000, 100,
10, 1 kot
0.1 ug/mL
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Yywm apoevikd
eviiAlKa mice

Yym apoevi-
K& VALK
albino rats
(Sprague-Daw-
ley)

Apoevikd
C57BL/Ks]-
db/db mice
Kot

wild-type
C57BL/6] mice

Male Wistar
rats

Kapkivikég
KUTTAPIKES
oelpeg: AMN3,
RD kat ktta-
pa Vero
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Ay Setypdtwv
aipaTtog HeTa TIg
2 (PES xopnyn-
ong

Awdpkela: 6 ef8o-
Hadwv. Ymepyo-
AnotepoAatpia

Atgprela: 10
eBSopadwv
AwaBring

Awdpketa: 30 npe-
pwv. Emayopevn
nmatotofikdoTnTA
amd CCl,

Kuttapoyevett-
K1 8paon

ZUOTOTIKA [E
Spdon mapo-
HoLa LVGOUAL-
wne. Meiwon
EMTES WV YAL-
K6{NG opov,
XoAnotepdAng,
TpLyAukepL-
Slwv oAtkwv
Amsiwy kot
emimeda yAv-
Koydvou 6to
fmap
EniSpaon

ue pelwon
AmSapiag,
TPLYAUKEPLSI-
WV KoL YOAN-
oTEPOANG OE
vTokeipeva
HE TIPOoANYM
oltnpecinv
VPMANG xoAn-
oTEPOANG

AvtwmepyAv-
Kokt Spaon,
QTIOTPOTN
ev8oOnAlakng
SvoAettoup-
yiag
Hmroatompo-
OTATEVTIKY
Spaon ot
TPOKAAOVLEVN
BAaBn (CCl,)
ATOKATACTOOT
eVQUULKWV ETIL-
TESWV 0pOV

Amotedeopa-
TIKT) KUTTOPO-
To&Lkr) Spaon
évavtt AMN3
Kal TpoKANoN
amOTTWONG

AL-Chalabi,
2005
ava@opa 55

Barakat &
Mahmoud,
2011
avagopa 56

Leeetal, 2012
ava@opa 57

Eidi et al, 2015
ava@opda 58

Zakaria &
Hazha, 2013
avagopa 59
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Hivakag 1, ouvéyela.
Avtiogel- ‘EAlo oTtepUG- | AlopopeETL- Kapkivikeg AvaoTtaAtikeg Atloonpeiwt Guo etal., 2016
Swtikn & Twv purslane KEG OUYKE- oelpég: HeLa EMOPATELG OTOV avTloEeldwTiky | avagopa 60
aVTITOAAQ- VIPWOELS (xapkivou TOAAATAQGLAGUO | KOL KUTTAPOTO-
TMAAGLOOTL- vl mv TOU Tpax- TWV KAPKLVIKWV k) Spaom tou
K1 8paon avto&eldw- | Aov), Eca-109 | kuttdpwv elaiov évavtt

Tk 6pdon. | (kapkivou Tou KAPKWVIK®OV

T v 0LG0@A&YoUL) KutTdpwv MCF

avtimoAia- | kot MCF-7

TAXCLAOTL- (xapkivov Tou

k1| Spaon: HaoToV)

12.5, 50,

200, 800,

1600 ko

3200 pg/mL
AvtupAey- ABavolikod 0,6.25,12.5, | Kdttapa pa- Lipopolysaccha- Meilwomn docoe- | Miao et al,
povwdng ekxVAlopa 6Aov | 25,50,100, | kpo@aywv ride (LPS)- &ie- Eaptopeva g | 2019
Spaon TOU PUTOV 200 kat mouse RAW YepUEVA KUTTOPA | TIAPAYWYNG avagopa 61

400 pg/ml 264.7 RAW 264.7 NO (vitpikov

TOU EKYVAL- o&eldiov)

OUOTOG 6TO (@Aeypovwdng

HEGO av&- Siapecorafn-

TTUENG T™NG) KAl KUKAo-

ofuyeyovaong

2 (COX-2). Mei-
wor TNF-a kot
IL-6. Meilwon
emméSwv P65,
p-P65, pMEK
kat p-IkB-a
Socogtaptw-
Heva

TelTal MPOOoOY OTNV KATAVAAWGT] TOU aTO oplL-
opéves MAnOvoplakég opadeg e€attiog Twv ofaAt-
KWV 0EEWV IOV UTIAPYXOUV ATIAVTWVTAL OE HEYAAES
TOOOTNTEG OTA UTIEPYELA LEPT) TOU.
SUUTEPACHATIKG, 1 KaTavdAwon P oleracea mépa
aTo TO OTL TPOCPEPEL TIOAV XaunAd Bepuidikd @op-
Tio kat VYMAN StaBpemtikn adia, cuvdapa Seiyvel va
amoTeAel AoTSA EVAVTL VOO UATWVY OTIWG, ERPAVL-
ONG OTEQEAVLAIAG VOOOU KOl EYKEQUALKWVY ETIELCO-
Slwv KoL évav aveKTIUNTO CUUPOYO TNG VYELAS pag.
‘OAa Ta apamdvw vpnuata Ba propovoay va amo-
TEAEGOUV EQAATIIPLO OTNV ETLOTNUOVIKT] KOWVOTNTA,

42

woTte va SLe€ayBoUv TEPLOCOTEPEG KALVIKEG HEAETEG,
oAAA kot va alomom 8ol 0Aa Ta TpoidvTa Ao TO
@UTO UE TTapAAANAEG TtpooTiabeleg eVpeong pebdo-
SwV XEPLOUOY TWV UTEPYELWV TUNUATWY TOU, TTOU
N VUMAN TEPLEKTIKOTNTA TOUG KUPIwG og 0§aAKO
08V, §pa SUVNTIKA ATTOTPETMTIKA O€ EVPELA EKUETAA-
Agvot] Toug oty avBpwvn Statpoen: H avipakia,
amoTeAel aSLXUEPLOPRTNTA EVA QAPHAKEVTIKO QUTO
a&lo tpoooxnG oTov 21° alwva pe TOAAATIAG 0@EAN
atd v a&lomoinot Tov, Tov OUWS PEXPLKAL CUEPA
Sev £xeL AdBeL TNV amapaitnn Tpoooxn Kot Sev €xeL
avayvwploBel oto Babud mov Ba émpeme. O



Mivakas 2: KAwikég pedéteg P oleracea.
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Ei80¢ @utikol mapa- | Xpovog peAs-
Os;,)omsutmoq Et80¢g peA€tng O'KSU(XGIL(X'TOC, (pcfp- ‘mgl/napaua- T T BL,BMoypa-
oTO)0G MOKEVTLKT LOP@T), TUKNG Sradi- Qla
080¢ yop1ynong Kaolag

Mn @uotodoyua KAwvua) pedétn o 10 | 5 g kovig omeppdtwv | 3 prjveg Meiwon Moo - Shobeiri et al.,
aupoppayio pitpag | mpo-gppnvomtavota- |/ 150ml vepd kdBe 4 Tog Kot SidpKeLag 2009
(Abnormal uterine kéG yuvaikeg, 43-51 | wpeg per os, 48 wpeg apoppaylag, opo- | avapopd 62
Bleeding-AUB) ETWV, XWPIG aTOKPL- | PETA TNV EvapEn ep- Aomoinom éupmvov

o o€ oupPoatikég Be- | prvou pUoEwS Yo 3 pYoewg (80% ouvo-

pameies (uoYmpieg | Nuépeg Aov), kapia emidpoa-

UOTEPEKTONS) on 20 % acBevarv
OpaA6g Aeym- Tuxatomompévn St- Ymépyela pépn (aba- | 6 urveg Xwplg avemBOun- Agha-Hosseini
vag (Lichen pla- AN TUQAT| EAEYXOUE- | VOALKO EKYUALONQ) TEG eVEPYELEG, amto- | etal, 2010
nus-OLP) VN KAWIKN peAétn pe | katepyaoia pe Aa- TEAEOUATIKN EVOA- | ava@opd 63

ELKOVIKO (APUAKO KTO{N o€ caps 235 mg AQKTIKY] CUUTIAN-

oe 37 aoBeveig, 21 EKXUA. pwpatikn Bepameia

OMAea kan 16 appeva | peros o¢ Lichen planus
Apdon oto petafo- | AutAn TuQAN, EAey- Imépuata, 5 g 2 @o- 8 eBdonddeg/ | Ac@aAn cuuTAn- El-Sayed, 2011
Aopo XOHEVN KAWL p&s TNV NUépa, peros | 10 prveg pwpatikn Bepameia | avagopa 64

perétn 30 atdpwy, OTNV AVTILETWTILON

NAwciag 40+3.2, 20 oakyxapwdoug Sla-

appeva, 10 OAea pe Br. Aloonpeiw-

Swaprn oMoV 2 o€ TN UTIOYAUKQULLLKT

oLVSLACUOS IE TIa V- KOl UTIOALTILS QLLULLKT)

capkia, VTIEPXOAT)- Spaom, pelwon g

otepolatpia, uTtEPAL- avtiotaong otny

mSapio KL NIATKn LVOOVALVY

SvuoAertovpyla
YmepyoAnotepwat- | KAwwn peAémn 93 50 g ppéoka @UAAX 45 nuépeg Meiwon emmédwv | Moradi et al.,
pia acBevwv (LDL-C Kot BAaotol X0AnoTEPOANS, 2012

2120 mg/dl). A&lo- LDL-C, OxLDL kat avapopa 65

A6ynon 8pdong g TpLyAukepiSiov.

Bepameiag pe lovas- AvEnon HDL-C,

tatin ota emimeda Spaong eviipou

Aoy, AtoTipw- PON1

TEWVOV Kat Spdon

€v{0LOV paraoxo-

nase1(PON1)
Apdon oto veupikd | Tuyawomompévn kKAwt- | Enpo atbavodikd ek- | 8 efSopddeg H tavtdyxpowvn xo- Parvin et al.,
ocVoTNU K1) HeAétn 60 acBevwv | xOAwopa, 1 g/muépa, pfiynon respridone | 2013

pe xpovia oxL{o@pé- per os kat purslane od1- avagopa 66

Vel uTo Bepamela pe
risperidone. A§loAd-
ynom eniSpaomng purs-
lane o€ Yruxoowkd ou-
UTITOUATO KOL ETT{TTE-
6o malondialdehyde
(MDA)

ynoe o€ BeAtiwon
Yruyoroyliag kot
pelwon emmedwv
MDA o€ acBeveig
1E xpovia oxLo-
péveln
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Hivakag 2, ouvéxela.

Apaom oto petafo-
Alopo

Takxapwdng Siapn-
™G TUTIoUL 2

0&el8wTIKO stress &
SwaBrjng tomov 2

EmtavodapBoavopevn
aBwéNg
oTopaTiTida

(recurrent aphthous
stomatitis-RAS)
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TpumAn-TuEAY] EAEY-
XOUEVT LE ELKOVIKO
@APUAKO KAWVIKY
peAétn. AfloAdynon
TV aVTLl-SUCALTIL-
Sapkwv Spdoewv
o€ 74 epnifoug 12-
18 €TV pe T L-
oapkio: un Kamvi-
OTEG, UE SLAyVWOouE-
vn SuoAtmiSapia

Tuxalomompévn-¢-
Aeyxopevn Staotav-
POUNEVT KALVIKT
peAétn o€ 48 aoBe-
velg, 35-65 €Ty, pe
oakyapwoén Siafn-
™ 2. AfloAdynon
YAvKapkoU Tpo-
@A kal emmESwV
AmSiwv

Tuxatomomuévn,
eAeyxouevn Sa-
OTAUPOVEVT KAL-
ViK1 pedétn oe 40
acBeveis pe StafrT
TUTIOV 2, nAtkiog 35-
65. AfloAdynon g
emidpaong omep-
patwyv purslane

o¢ Blodeikteg oL
oxetilovtal pe TO
0&el8WTIKO stress

Tuxoomowmpévn,
eAEYXOLEV LE EL-
KOVIKO @GpHOKO
TPUTAT-TU@A KAWVIKN
peAétn 50 acBeviv
e o apBwdn
etédkwon (MiRAS), ek
22 dppeva - 28 Bidea
dtopa, 19-55 etwv

ImEpUATA, KAPoUAa
500 mg, 2 @opég TV
nuépa
per os

ITMEPUATA, POKE-
Alokog 10 g/muépa
padl pe Statpo@n oe
XapmAd& Atmapa

10 g/muépa koviomot-
NUEVWY OTIEPUATWV
purslane

Ymépyewa pépn kat
omépuata (aboavo-
A6 exxVAopa). K&-
PovAeg 235 mg ek-
XVAlopaTog eKAoT,
2 gopég nuepnoiwg
(mpwi, Bpddu)

11 pnveg

12 efSopadeg
(3 mveg)

12 eBSopadeg
(3 pveg)

3 prjveg

APOPO ENIZKOIIHXHX
REVIEW ARTICLE

A&loonpeiwt Sabzghabaee
peiwon emmeSwv etal.,
LDL-C kot tptyAv- 2014
KepLSiwv avagopa 67
BeAtiwon avBpw- Esmaillzadeh
TIOHETPLKWV Y0P~ etal,
KTNpLoTiK®V (ota- 2015
TIOTIKA OT|UAVTIKN avagopa 68
pelwon Bapoug,
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ABSTRACT

Portulaca oleracea is a widely
distributed sp., used as an edible
plant (aerial parts), as well as for
its nutritional and therapeutic
applications, due to its high
nutritional value and content in
bioactive metabolites. P oleracea
is mentioned since antiquity
with the name of “andrachne”,
suggested for the relief of a wide
spectrum of diseases such as:
headaches, inflammatory diseases,
gastrointestinal and respiratory
problems, fever, wounds and
ulcers. The plant is a rich source of
primary and secondary metabolites
such as: phenolics, sterols,
alkaloids, terpenoids and organic
acids, combined with vitamins
and minerals, while its seeds are
plenty of omega-3 and omega-6

fatty acids. Recent in vitro/in vivo
pharmacological data, and clinical/
pro clinical trials, have reported
various beneficial activities such

as  anti-hyperglycemic,  anti-
hyperlipidemic, neuroprotective
and hepatoprotective ones.

This review aims to provide the
most recent literature data on
traditional use, phytochemistry,
pharmacological activities and
safety. Due to its very interesting
phytochemical profile, as well as
its wide range of pharmacological
activities, P oleracea could be
recommended as a therapeutic
plant, essential in the daily
diet of humans, but also to be
further exploited in cosmetics,
food supplements and other
applications.
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Method for Simultaneous Estimation of
Valsartan and Atenolol in Binary Mixtures:
Aplication to Tablets Analysis
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KEYWORDS: ABSTRACT
Valsartan, Atenolol,
Spectrophotometry, Introduction. Rational combinations of drugs of different pharmacological
Validation groups in case of ineffectiveness of monotherapy to achieve the clinical
effect of pharmacotherapy are clearly recommended in the world
and domestic recommendations for the diagnosis and treatment of
hypertension. The aim of the study was to develop simpler and cost
effective spectrophotometric method for simultaneous estimation of
valsartan and atenolol for routine analysis of formulation. Research
methods. A spectrophotometric method for the determination of valsartan
and atenolol was developed with the study of green profile assessment and
validated as per ICH guidelines. Results and discussion. The drugs were
found to obey beers law at the selected wavelength. The overlain spectra
of the valsartan and atenolol in methanol were recorded and Amax values
of both drugs and isobestic wavelength were noted. The linear regression
data for the calibration curves showed good linear relationship over the
concentration range 0.015 - 0.045 mg/ml for valsartan. Linear regression
equation was found to be Y = 30.627X - 0.1347 (R?=0.9997). The linear
regression data for the calibration curves showed good linear relationship
over the concentration range 0.12 - 0.25 mg/ml for atenolol. Linear
* CORRESPONDING AUTHOR: regression equation was found to be Y = 5.3018X - 0.053 (R2=0.999). The
Liliya Logoyda % RSD values found to be less than 2, indicating that the proposed method
email: logojda@tdmu.edu.ua is precise for the determination of valsartan and atenolol in formulations
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The developed, validated method was successfully applied for the
determination of valsartan and atenolol in their tablet dosage form. The
results of proposed method found to be an excellent green analysis with
a score of 90. Conclusions. A rapid, simple, green, accurate and precise
spectrophotometric method was developed and validated for the
simultaneous estimation of valsartan and atenolol in its tables dosage
form. From the results of validation obtained it is concluded that the
proposed UV spectrophotomertic method developed is relatively simple,
rapid, and cost effective and therefore, could be applied as alternative
method for routine quality control assay of valsartan and atenolol in

pharmaceutical raw material, binary mixture and dosage forms.

INTRODUCTION

The urgency of hypertension as an issue is deter-
mined by its high population frequency, significant
burden of the disease, risk of disability and impact
on life expectancy. Rational combinations of drugs
of different pharmacological groups in case of inef-
fectiveness of monotherapy to achieve the clinical
effect of pharmacotherapy are clearly recommended
in the world and domestic recommendations for the
diagnosis and treatment of hypertension. For such
purposes, effective and reliable methods for the anal-
ysis of the determination of active pharmaceutical in-
gredients (APIs) in bulk, model mixtures and drugs
should be developed'3. In this study, valsartan and
atenolol were chosen as representative examples.

Valsartan (Fig. 1) is chemically described as (25)-
3-methyl-2-[pentanoyl-[[4-[2-(2H-tetrazol-5-yl)
phenyl]phenyl]methyl]amino]butanoic acid. Valsar-
tan is an orally active nonpeptide triazole-derived
antagonist of angiotensin (AT) Il with antihyperten-
sive properties.

Atenolol (Fig. 2) is a synthetic isopropylami-
no-propanol derivative used as an antihypertensive,
hypotensive and antiarrhythmic. Atenolol is chemi-
cally known as 2-[4-[2-hydroxy-3-(propan-2-ylami-
no)propoxy|phenyl]acetamide.

Search of recent publications in Pubmed and Sci-
enceDirect shows that there are no spectrophoto-
metric method for simultaneous determination of

HN—N
Ny N

Figure 1: Chemical structure of valsartan

valsartan and atenolol in dosage forms*3°. In the
contemporary literature, only chromatographic
methods published by our group are reported, for
quantification of valsartan and atenolol in dosage
forms3¢-%8, These HPLC methods are accurate and
precise with good reproducibility, but the cost of
analysis is quite high owing to expensive instrumen-
tation, reagent and expertise. Hence it is worthwhile
to develop simpler and cost effective spectrophoto-
metric method for simultaneous estimation of drugs
for routine analysis of formulation. Pharmaceutical
development of valsartan and atenolol by our scien-
tific group proposes for using the ratio of (1/1) for
valsartan (80 mg) and atenolol (100 mg). The pur-
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Figure 2: Chemical structure of atenolol

pose of this research was to establish such a method
to be used for the analysis of the drug composition
of tablets.

METHODS

Chemicals, reagents. instrument

Valsartan (purity 99.9%) and atenolol (purity
98.9%) were purchased from Sigma-Aldrich (Swit-
zerland). Methanol used in experiments was HPLC
gradient grade. Analytical Balance Mettler Toledo
MPC227 was used for sample agitation.

A double -beam Shimadzu UV-Visible spectro-
photometer, with spectral bandwidth of 1 nm wave-
length accuracy +0.5 nm, Model -UV 1800 (Japan),
Software UV-Probe 2.62, and a pair of 1 cm matched
quartz cells, was used to measure absorbance of
the resulting solution. Designed in accordance with
the governing Japanese and European Pharmaco-
poeia, the new UV-1800 UV-VIS spectrophotometer
achieves a resolution of 1 nm, the highest in its class,
in a compact design.

Sample preparation

Twelve tablets of each preparation were studied
to obtain statistically significant results. The tab-
lets with declared contents of valsartan and aten-
olol were purchased from local drug store, phar-
macy. The tablets were put in 100 mL volumetric
flasks and dissolved in 50 mL methanol, ultrasound
crushed and treated for 2 minutes and shaked 15
min with orbital shaker. After that volumetric flasks
were filled to mark for 100 mL, the final concentra-
tions were 0.5 mg/ml for atenolol and 0.4 mg/ml for
valsartan.
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Figure 3: Absorption spectras of seven different con-
centrations of valsartan (A=230.5 nm, 249.5nm)

RESULTS AND DISCUSSION

The drugs were found to obey Beer’s law at the se-
lected wavelength. The maximum absorption spec-
tra of valsartan (Fig. 3), atenolol (Fig. 4) and their
binary mixture (Fig. 5) were obtained. The over-
layed spectra of the valsartan and atenolol in meth-
anol were recorded and Amax values of both drugs
and isobestic wavelength were noted.

The method was validated according to the ICH
guideline for the Validation of analytical procedures
Q2((Q1A (R2) 2003, Q2A 1994, Q2B 1996)*. The
solutions of the drugs were prepared as per the pro-
cedure given in the Methods.

The calibration curve for valsartan showed good
linear relationship over the concentration range
0.015 - 0.045 mg/ml. Linear regression equation
was found to be Y = 30.627X - 0.1347 (R?=0.9997).
Calibration curve of valsartan is presented in Fig. 6.

The calibration curve for atenolol showed good line-
ar relationship over the concentration range 0.12 - 0.25
mg/ml. The corresponding linear regression equation
was found to be Y = 5.3018X - 0.053 (R?=0.999). The
calibration curve of atenolol is presented in Fig. 7.

The statistical data for both calibration curves are
presented in Table 1.
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Parameter Results of valsartan Results of atenolol
Regression equation; Slope (b) 0.1347 0.053
Intercept (a) 30.627 5.3018
Correlation coefficient 0.9997 0.999
Standard deviation on intercept(Sa) 0.0195 0.0099
Standard deviation on slope (Sb) 0.00212 0.00014
Standard error on estimation(Se) 0.0123 0.0071
Limits of Detection (LOD)[mg/ml] 0.004 0.04
Limits of Quantification [LOQ)[mg/ml] 0.016 0.13
1,5 2
—0,14
15
1
3
2
0,5
0 =

0, 1250 260 270 280 290 300

Figure 4: Absorption spectras of seven different con-
centrations of atenolol (A=276 nm, 282nm)

The precision of the developed method was ex-
pressed in terms of % relative standard deviation
(%RSD). The % RSD values found to be less than 2,
indicating that the proposed method is precise for
the determination of valsartan and atenolol in for-
mulations (Table 2).

The developed, validated method was successfully
applied for the determination of valsartan and at-
enolol in their tablet dosage form. The assay result
shows that the amount of the drugs was in excellent
agreement with the labelled value of the formulation
as illustrated in Table 3.

230 250 270 290 310 330 350

Figure 5: Electronic absorption specta of the an-

alytes in binary mixture in the 230-350 nm region
(1 - atenolol, 2 - valsartan, 3 - binary mixture of
valsartan and atenolol)

Analytical eco-scale for greenness assessment

Methanol is the most broadly used solvents in
most analytical methods, and it is worth mention-
ing that methanol is rated by the U.S. Environmen-
tal Protection Agency as hazardous solvents, giv-
en their inherent toxicity and the fact that their
disposal necessitates specialized treatment steps.
Analytical eco-scale is a semi-quantitative as-
sessment tool commonly used for examining the
greenness of analytical methods in a comparative
manner*® 4!, It is based on assigning a numerical

55



®APMAKEYTIKH, 33,1, 2021 | 52-60 EPEYNHTIKH EPTAZIA
PHARMAKEFTIK]I, 33,1, 2021 | 52-60 RESEARCH ARTICLE
1,2
A
1 y =30,627x-0,1347
R?=0,9997
0,8
0,6
0,4
0,2
0
0 0,005 0,01 0,015 0,02 0,025 0,03 0,035 0,04 0,045
C, mg/ml
Figure 6: Calibration plot of valsartan
A L4
1,2 y =5,3018x - 0,053
R?=0,999
1
0,8
0,6
0,4
0,2
0
0 0,05 0,1 0,15 0,2 0,25 0,3
C, mg/ml

Figure 7: Calibration plot of atenolol

score, penalty points, for every step in the whole
analytical method that may affect the green sys-
tem such as solvents, their amounts, energy con-
sumption, occupational risk and waste generated
hazards.

The basis for concept of an analytical Eco-Scale
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is that the ideal green analysis has a value of
100. For each of analytical procedure parameters
(amount of reagents, hazards, energy and waste),
penalty points are assigned if it departs from ide-
al green analysis [38]. The sum of penalty points
for the whole procedure should be included in the
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Table 2: Intra-and Inter-day accuracy and precision results for valsartan and atenolol

Intra-day precision® Inter-day precision®

Analyte

Mean (%) RSD (%) Mean (%) RSD (%)

98.95 0.493 100.23 0.335
Valsartan 100.91 0.117 100.93 0.364

98.76 0.429 99.49 0.364

99.84 0.348 99.59 0.138
Atenolol 100.19 0.125 99.17 0.364

100.47 0.135 100.29 0.110

n=6,n=18.

Table 3: Results of analysis for valsartan and atenolol in formulations

. Labelled amount, Amount found, Mean % o
Sl O B O mg/tablet mg/tablet assay+SD oD
1 Valsartan tablets 80 79,98 99.97+0.1 0.100
2 Atenolol tablets 100 99.96 99.96+0.1 0.100

*Average of 5 determinations; SD: standard deviation; RSD: relative standard deviation

Table 4: Analytical eco-scale for greenness assessment of the proposed

spectrophotometric method

Parameters Penalty points (PP)
Reagents Methanol 6

Energy consumption 1
Occupational hazards 0

Waste 3

Total penalty points (PP) 10

Analytical Eco-scale score 90

Comment Excellent green analysis

Eco-Scale calculation, according to the following
formula: Analytical Eco-Scale %4 100 total penal-
ty points. The result of calculation is ranked on a
scale, where the score: >75 represents excellent
green analysis, >50 represents acceptable green
analysis*.

Table 4 summarizes the results of proposed meth-
od found to be an excellent green analysis with a
score of 90.

CONCLUSION

In conclusion, a rapid, simple, green, accurate and pre-
cise spectrophotometric method was developed and
validated for the simultaneous estimation of valsartan
and atenolol in its tables dosage form. From the results
of validation obtained it is concluded that the proposed
UV spectrophotomertic method developed is relatively
simple, rapid, and cost effective and therefore, could be
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applied as alternative method for routine quality con-
trol assay of valsartan and atenolol in pharmaceutical
raw material, binary mixture and dosage forms. More-
over, the chemicals and reagents used in the analysis
are cheap and available. The proposed method can
help research studies, quality control and routine anal-
ysis with lesser resources available. The results of the
assay of pharmaceutical formulation of the developed
method are highly reliable and reproducible and is in
good agreement with the label claim of the drugs. ]
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polyethylene ampoules,
solution, filtration, The aim of the has been studied is to select the optimal filter material to
piracetam 20%  obtain a sterile injectable solution of piracetam 20%. One of the main re-
quirements that apply to injection solutions is sterility and the absence of
mechanical impurities. The filtration system must be reliable and easily
controlled, since the use of filters that are not strong enough and clog the
test solution with particles of the filter material leads to poor quality medi-
cines. Therefore, it is necessary to constantly improve methods of filtration
of parenteral drugs.

At the stage of pharmaceutical development, the influence of the filter
membrane material on the quality of the solution to be filtered has been
determined. A practical pattern of the choice of filters in the study of in-
jectable solution of piracetam 20% and filter materials based on polyvi-
nylidene fluoride (PVDF), polyester sulfone (PES) and nylon was provided.
Studies have been conducted to identify possible processes of migration
and sorption of solution components and filter membranes using instru-
mental methods of analysis, as well as to determine the sterilizing ability

of filters with a membrane rating of not more than 0.2 pm.
The possibility of using all investigated filters in the commercial produc-
tion of the medicine piracetam 20% has been proved. Using the results of
* CORRESPONDING AUTHOR:  this work will eliminate long-term and numerous studies on the selection
Viacheslav Shevchenko, offilter material during development of the technological stage of filtration

e-mail: SVAVON@ ukrnet, in the production of injectable medicines.
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1. Introduction

The main indicators of the quality of injection med-
icines include such indicators as mechanical inclu-
sions: visible and invisible particles'?. Achieving the
regulated limits of this indicator is carried out not
only by implementation of the requirements Gener-
al Manufacturing Practice (GMP) in the production
of drugs, but first of all, by carrying out one of the
most important stages of the technological process
- the prepared solution the filtration stage of. The
development of new drugs, in addition to reformu-
lation and formulation, includes the development of
a technological process?, one of it is researching the
choice of the stages on of filter material, determining
the filtration efficiency through the selected filter
and developing methods for monitoring filtration
efficiency*. The final stage of the filtration process is
the validation of filtration. It confirms that the pro-
cess of filtration of the prepared solution during the
technological process of obtaining the final product.
The quality of attributes of product meets all the re-
quirements of regulatory and technical documenta-
tion®.

Filtration is a complex of hydromechanical pro-
cesses. Their efficiency of it has been determined by
the properties of the separated dispersed media, the
porous partition and the conditions of conduction.
Filtration (as one of the key operations in the pro-
duction of injectable dosage forms)¢, requires the
correct choice of filter unit, material and pore size
of the filter, filtration rate etc.” In addition, the filtra-
tion system must be reliable and controlled easily.
The use of filters (havind no sufficient strength and
contaminate the filtrate with particles of filter mate-
rial), causes the need of purifying the solutions after
the main filtration®.

The process of prepared solutions filtration is one
of the most important stage in the technological
process in the production of injectable medicines.
Sterility and the absence of mechanical inclusions
are important indicators of the quality of inject-
able solutions®!, To ensure these indicators, the
production of injectable medicines is carried out in
appropriate conditions using some organizational
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measures. They minimize the possibility of ingress
microorganisms and mechanical inclusions into
drugs at all stages of the technological process''.
The most impotent stage among the measures is the
stage of the technological process - filtration of the
solution?3,

Removal of mechanical inclusions is achieved by
filtering the injection solutions through a suitable
filter material. In pharmaceutical practice for fil-
tering injectable solutions the most common filters
are membrane-type filters with a pore size of 0.45
to 1.0 pum for pre-filtration and 0.2 um for sterilizing
filtration'. Filtration through a system of membrane
filters with a pore size of 1.0 um - 0.2 um allows you
to combine the processes of injection solutions ster-
ilization and removal of mechanical inclusions.

Among all the areas of applications for the puri-
fication and separation of membrane filters liquids
used in the manufacture of medicines are character-
ized by the strictest quality requirements and condi-
tions of their production and use. Filters for aseptic
production of injectable solutions in polyethylene
ampoules are the only possible method of steriliza-
tion'> %, Such increased attention to the process of
sterilizing filtration is also explained by the fact that
filtration is still a rather risky method of steriliza-
tion. The purpose of sterilizing filtration in aseptic
conditions of pharmaceutical medicines is not only
the removal of mechanical particles. It also means
the removal of all living microorganisms out of the
solutions!’. Validation of the sterilizing filtration
process should be confirmed in regard to the ability
of the filter element to sterilize the product?®.

Since the production of injectable medicines in poly-
ethylene ampoules does not involve the process of
thermal sterilization in the primary packaging!®2°, the
reliability of the filtration process. It has been achieved
by performing certain tests, significantly affects the
production of the finished product of proper quality.

The aim of the research was to substantiate the
methodological approach to the development of
the filtration process of solutions containing sub-
stances of different chemical structures, using a
prepared solution of piracetam. To the purpose the
experience of pharmaceutical development for med-
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icines in polyethylene ampoules, implemented in the
Joint-stock company “NIKO” (JSC NIKO COMPANY,
Ukraine), was considered.

2. Materials and Methods.
2.1 Materials.

The research object was a solution of piracetam
20% prepared in the experimental laboratory JSC
NIKO COMPANY, Ukraine. As well as filter mem-
branes, were made of materials based on: polyvi-
nylidene difluoride, “Durapore” (catalog number
GSVWP 04700), manufactured by the company
«Millipore», USA; polyester sulfone, <PROPOR PES»
(catalog number ZDMS-047-020AZ), manufactured
by the company «Parker Domnick hynter Itd», Unit-
ed Kingdom; nylon, «Ultipor N 66» (catalog number
AB1INF7PH4), manufactured by the company «Pall»,
Germany.

2.2 Methods.

All studies have been performed using the methods
according to the State Pharmacopoeia of Ukraine of
the second edition’:

2.2.1. Determination of the degree coloration of
the piracetam solution 20%.

2.0 ml of the test liquid is compared with 2.0 ml of
water using identical colorless clear neutral glass test
tubes with an outer diameter of 12 mm. Color compar-
isons are performed in diffused daylight by looking at
the samples horizontally on a white background.

2.2.2. Potentiometric determination pH of the pi-
racetam solution 20%.

Potentiometric pH determination is performed by
measuring the potential difference between two re-
spective electrodes immersed in the test solution.
One of the electrodes is sensitive to hydrogen ions
(usually a glass electrode). The other one is a ref-
erence electrode (for example, a saturated calomel
electrode). The measuring device is a voltmeter with
an input resistance at least 100 times greater than
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the resistance of the electrodes used. All measure-
ments are performed at the same temperature in the
range from 20 °C to 25 °C. The device is calibrated
using a buffer solution of potassium hydrophthalate
(primary standard) and one of the buffer solutions
with a different pH value. The readings of the instru-
ment for the third buffer solution with an interme-
diate pH value should not differ by more than 0.05
pH units from the tabular pH value of the piracetam
solution 20%. The electrodes are immersed in a pi-
racetam solution 20% and the pH is measured under
the same conditions as for the buffer solutions. All
test solutions and standard buffer solutions should
be prepared in water free of carbon dioxide.

2.2.3. Quantitative determination of piracetam.

The method of high-performance liquid chroma-
tography (HPLC) was applied for the quantitative
determination of piracetam. Chromatography was
performed on a liquid chromatograph with an ultra-
violet detector under the following conditions. De-
tection at a wavelength of 205 nm; column Luna C 18
size 250x4.6 mm with a column temperature of 50
°C; mobile phase: dipotassium hydrogen phosphate
with a pH of 6.0 £ 0.05, adjusted by dilute phosphor-
ic acid - acetonitrile (95:5); the speed of the mobile
phase is 0.5 ml/min.

2.2.4. Determination of sterilizing suitability of
filter material.

Verification the sterilizing ability of the filter was
conducted by the method of membrane filtration
using a filter device (Figure 1). The tests were per-
formed in a clean Class D room in the biosafety box
(zone A). Test cultures of Brevundimonas diminu-
ta bacteria were used to test the sterilizing ability
of the filter. After completion filtration of the test
solution of piracetam 20%, the membrane filter was
washed in three portions of 100 ml of washing liquid
and in its last portion was made a suspension of the
test strain of Brevundimonas diminuta bacteria.
After filtration, membrane filters were placed in
Petri dishes on the surface of the medium soybean
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Figure 1. Scheme of the filter device for membrane fil-
tration method:

1 - Container with solution; 2, 4 - Hose N°1; 3 - Perestat-
icpump; 5, 7,9, 10, 12, 14 - Terminal connection to the
fitting; 6 - Passing port; 8 - Hose Ne2; 11 - Filter holder;
13 - Filter with housing; 15 - Hose N23; 16 - Container
with sterile solution.

agar. Incubate for 3-5 days at the temperature from
30°C to 35°C. For a positive control experiment
through membrane filters of 0.45 pm was passed
100 ml of washing liquid (buffer solution with sodi-
um chloride and peptone pH 7.0) with a suspension
of test culture of bacteria Brevundimonas diminuta.
After filtration, membrane filters were placed on the
surface of the medium soybean casein agar in Petri
dishes. Incubation of the filters was performed si-
multaneously with the test samples at the tempera-
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ture of from 30°C to 35°C for 3-5 days.

Acceptor criterion: - no growth of Brevundimonas
diminuta in the studied samples; - the presence of
growth of Brevundimonas diminuta in the positive
control.

2.2.5. Gravimetric determination of dry residue
after evaporation.

Thermogravimetric analysis was performed on a
derivatograph of the system F. Paulik, I. Paulik, L. Ef-
dei with platinum/platinum-rhodium thermocouple
when heating the samples in ceramic crucibles from
20 to 300°C in the air.

The heating rate was 5°C per minute. The standard
was hardened aluminium oxide, the weight of the
samples was 50 mg.

2.2.6. Test for mechanical inclusions by light
blocking method.

A suitable device based on light blocking principle,
which allows to measure automatically the number
and the size of particles were used. The instrument
is calibrated using suitable certified reference mate-
rials consisting of dispersions of spherical particles
of certain sizes - 10 um and 25 pm. Such standard
particles are dispersed in water free of particles, R.
Measures should be taken to avoid aggregation of
the particles during dispersion. The contents of the
sample were mixed by inverting slowly and contin-
uously the container 20 times. If necessary, remove
carefully the packaging. The outer surfaces of the
opening container were cleaned with a jet of water
free of particles, P and opened the container, avoid-
ing any contamination., A suitable procedure was
used to remove air bubbles (settling the solution for
2 min or sonication). Because the parenteral drug
used is small in volume, less than 25 ml, 10 or more
dosage units were combined in a clean container to
obtain a volume of at least 25 ml. The number of test
samples was taken sufficient to provide a statistical-
ly sound estimate. Four samples, not less than 5 ml
each, were taken and the number of particles with
sizes equal to or greater than 10 pm and 25 pm was
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determined. The result obtained for the first sample
has been excluded and the average number of parti-
cles in the test sample has been calculated.

3. Results and Discussion.

At the first stage of research, the study of the chem-
ical compatibility of the solution and filter materials
has been carried out under dynamic conditions (by
filtering the solution through selected filter mem-
branes). During studying the chemical compatibility
of the solution and filter materials, the quality of the
solution has been controlled by the following indica-
tors: transparency, color, pH, quantitative content of
the active substance (Table 1).

In the second stage, the content of substances ex-
tracted into the filtrate has been determined. A ster-
ilizing filter of company «Parker Domnick hunter
Itd.», to perform this test of trade mark PROPOR PES
(ZDMS090-020-AY) DISC (filtration material: poly-
ester sulfone with a rating of 0.2 um) was used.

During the test, the solution was conducted to
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determine the content of substances extracted into
the filtrate. To assess the possible migration of po-
tential products of the filter material to the prepared
solution, 2 samples in the amount of 0.5 1 each were
investigated (the first sample - after contact for 4
hours with the filter; the second sample - control,
without contact with the filter).

The samples were analyzed according to the fol-
lowing indicators:

> Gravimetric determination of dry residue
after evaporation;

> Comparison of impurities profile of the ac-
tive substance in the solution;

> Evaluation of the infrared spectra of the dry
residue after evaporation;

> Sterilizing suitability of the filter;

> Determination of the filtration efficiency of
the injectable solution.

The results obtained in determining the effect of
the filter material on the test solution of piracetam
20% are presented in Table 2 and Figures 2-5.

Thus, the conducted research showed that the

Table 1: The effect of filter materials on the quality of the test solution of piracetam 20%

Filter material

Original polyvinylidene
nylon difluoride polyester sulfon
Transparency (should be transparent)
not transparent transparent transparent transparent
Chromaticity (not more intense than the standard BY,)
corresponds corresponds corresponds corresponds
pH (from 5.0 to 7.0)
5.96 5.97 5.96 5.96
Quantitative content of piracetam, mg/ml (from 190.0 to 210.0)
200.3 200.4 200.3 200.3
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Table 2: Determination of dry residue of prepared and filtered solution of piracetam 20%
The name of the

The parameter Acceptability
) Result
test being evaluated criteria
The amount of Minimum Dry residue of the Dry residue of
difference in . .
Determination of | dry residue after solution before the solution after
. o the amount (or . . . .
dry residue evaporation in filtration filtration
) £1ml absence) of dry l 1
erms of 1 m
residue 200.2 mg/m 200.1 mg/m
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Figure 2. Thermogram of dry residues of the prepared solution of piracetam 20% before and after filtration
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Figure 3. Profile of impurities of piracetam solution 20% before filtration
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Figure 4. The profile of impurities of piracetam solution 20% after filtration through a filter with a polyester sul-

fone filter material with a rating of 0.2 um
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Figure 5. Infrared spectra of dry residues of piracetam solution 20% before (lower spectrum) and after (upper

spectrum) filtration

dry residue of the prepared solution before and af-
ter filtration is practically unchanged. The profile of
impurities of both prepared and filtered solution co-
incides. The infrared spectra of dry residues before
and after filtration are identical. It proves no effect
of filter material and no diffusion the filter material
substances to the investigated solution under select-
ed filtration conditions.

Determination of the sterilizing suitability of the
filter material has been performed using a bacteri-
al test, evaluating whether the sterilizing filter pro-
vides sterile filtrate during filtration and after filtra-
tion of the entire amount of prepared solution of pi-

racetam 20% under appropriate process conditions
(that s, after contact of the filtration membrane with
the investigated solution for the time determined
by the technology). The testing procedure is based
on the results of the viability test. Acceptability cri-
teria of the test is absence of growth test-microor-
ganism Brevundimonas diminuta on an analytical
filter in the studied samples. The level of bacterial
load for the test filter should be below the allowable
validated limit (x10%). It minimizes the potential of
non-sterile product and ensures the sterility of the
product after filtration. The test results are present-
ed in Table 3.
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Table 3: Determination of the sterilizing ability of the filter using test microorganisms

Filter Part Number/ Challenge per filter
Total challenge (CFU) Recovery, CFU

Lot Number area (CFU/cm?2)
Pall PANX047100/

3.82x10° 2.2x108 0
UA6231
Durapore
ABO5DFL2PH4/ 3.82x10° 2.2x108 0
IT6225
PROPOR PES
ZCMS1-020C- 3.82x10° 2.2x108 0
PS/1406231

Table 4: Determination of invisible particles in a filtered solution of piracetam 20%

Run No. Particle size (um) Cumulative count Particles per container
10.000 203.00 406.00
Run 1
25.000 4.00 8.00
10.000 143.00 286.00
Run 2
25.000 2.00 4.00
10.000 229.00 458.00
Run 3
25.000 4.00 8.00
10.000 161.00 322.00
Run 4
25.000 2.00 4.00
10.000 177.67 355.33
Average
2.67 533
Notes:
Sample volume (mL) :5 No. of runs :4
No. of containers 110 Total pooled volume (mL): 100
Container volume (mL): 10 Dilution factor :1
Runl : Discarded
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The filtration efficiency has been determined by
the method of light blocking on the device «Liquid
particle counting system of company Hiac Royco»,
USA.

Table 4 shows studies to test the invisible parti-
cles of a solution of piracetam 20%, which was fil-
tered through a PES membrane with a rating of 0.2
pm.

It can be seen from table 4 the number of particles
in the test sample meets the requirements of State
Pharmacopoeia of Ukraine 2.9.19, method 1 at a
regulated limit of 6000 in an ampoule for particles
with a size of 10 um or more and not exceeding 600
particles with a size of 25 pm or more. The research
has carried out the proofs that the use of the inves-
tigated filter material allows to obtain a solution of
the required quality.

4., Conclusions

The complex of researches during holding one of
pharmaceutical development stages of technological
process, namely the stage of filtration for injectable
medicines (on the example of injectable solution of
piracetam of 20%) has been defined.

Conducted research of mutual influence of filter
material with a solution has proven that pH of the
solution before and after filtration doesn’t change,
indicating the compatibility of the solution with a
filter. The selected filters correspond to the pH range
of the piracetam solution 20%. Determination of the
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EKAHAQXEIY - MEETINGS

H e&amAwon tov evtepov kpatogTng oavdnpiag COVID-19 mtov SoKIUGTEL TIS KOWWVIEG O€ TTAyKOGLLO ETITTESO

£YELOTEPNOELTIC ETOTNLOVIKES ETALPEIEG ATIO T1 SUVATOTN T VO TIPAYUATOTIOLOVV ETILGTILOVIKES EKSNAWTELS Kl

OLVESPLA, LE PUOLKT) TIOPOLGia.. G EK TOUTOU TA GUVESPLA TIOV EIYAV TIPOYPAUUATIOTEL LEXPL KL TNV AVOLEN TOU
2021 gxovv avafinBein Ba mpaypatomomBovv on line eucovika (virtually). Mévoupe ao@oAeig!

The spread of the second wave of COVID-19 pandemia does not allow scientific activi-ties to take place with
physical presence Thus, all scientific events scheduled till spring 2021 have been cancelled, or will be con-
ducted virtually. while all face-to-face activities have been replaced with online meetings. Stay safe!

* 26 -27 PEBPOYAPIOY 2021

VIRTUAL MEETING 18THHELLENIC SYMPOSIUM ON MEDICINAL CHEMISTRY (HSMC-18)
EFMC Sponsored Event

https://helmedchem?2020.gr/

* MARCH 22-23,2021 | VIRTUAL EVENT | SYNTHESIS IN DRUG DISCOVERY AND DEVELOPMENT
https://www.maggichurchouseevents.co.uk/bmcs/SDDD.htm

* APRIL 14-15,2021 | VIRTUAL EVENT | KINASE 2021: 9TH RSC / SCI SYMPOSIUM ON KINASE INHIBITOR DESIGN
https://www.rsc.org/events/detail /40755 /kinase-2021-9th-rsc-sci-symposium-on-kinase-inhibitor-design

* MAY 26-28,2021 | VIRTUAL MEETING
EUROPEAN CHEMICAL BIOLOGY SYMPOSIUM (ECBS2021)
https://ecbs2021.eu/

«JUNE 27-JULY 1,2021 | VIRTUAL MEETING
40™ EDITION OF THE EUROPEAN SCHOOL OF MEDICINAL CHEMISTRY (ESMEC)
https://eventi.uniurb.it/esmec/

« 29 AUGUST - 2 SEPTEMBER 2021 - BASEL, SWITZERLAND
XXVIEFMC INTERNATIONAL SYMPOSIUM ON MEDICINAL CHEMISTRY (EFMC-ISMC 2021)EFMC SYMPOSIUM
https://www.efmc-ismc.org/

*2-3 SEPTEMBER 2021, BASEL, SWITZERLAND | 8TH EFMC YOUNG MEDICINAL CHEMISTS' SYMPOSIUM
(EFMC-YMCS 2021) EFMC Symposium
https://www.efmc-ymcs.org/

+19-23 SEPTEMBER 2021, BARCELONA, SPAIN

23RD EUROPEAN SYMPOSIUM ON QUANTITATIVE STRUCTURE-ACTIVITY RELATIONSHIP (23RD EUROQSAR)
EFMC Sponsored Event

https://www.euroqsar2020.org/

* SEPTEMBER 22-24,2021 | VIRTUAL MEETING | SUMMER SCHOOL IN PHARMACEUTICAL ANALYSIS (SSPA2021)
http://www.sspaweb.com

 APRIL 18-20, 2022 TOKYO, JAPAN
INTERNATIONAL MEET ON PHARMACEUTICS AND DRUG DELIVERY SYSTEMS (PHARMAMEET2022)
https://www.albedomeetings.com/pharmameet/index.php
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