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INEPIAHYH

Ewcaywyn: H ®appakosmidnuioloyio wg emiothun LeAeTd T Xprion
KOL TS SPAGELS TWV PAPUAKWY O PEYAAN TIAN OV LK KATLOK e KO-
pLO EPYAAELO TNV EQAPUOYT) ETLONULOAOYIK®OV HEBOSwV o€ SeSopéva KAL-
VIKNG €pEVVaG. ZKOTOG TNG TApoVoaS AVACKOTNONG eivat va avadei&el
TOV POAO TNG PAPUAKOETIONULIOAOYING KOL TNV EPEVVTTIKT TNG VTIOOTA-
on otnv EAAaSa.

Me0o8oAdoyia: ['ia T ouykekpLuévn BLBALOYPA@IKY avaoKOT o £YL-
Ve eEaywyn TANPOQOoPLOV amd Ti§ punxavés avalnitnong Google Scholar,
PubMed, Scopus kat Science Direct. H avaokoTnon ektelveTal xpovika
atd to 1972 ew¢ 1o 2021 kat ot AéEeLS - KAEWSLE TTOV XpMoLpoTTOW O1-
Kav elval “©appakoemidnpioroyia”, “KAwvikr Epeuva’, “KAVIKEG LEAETES”,
“DappakoemaypVmynon’”.

Amtotedéopata - TvlTnon: Baoikol otdxol TG apuakoemiSnuLoAo-
ylog elvatn avamtuén ™ KAWIKNG £pELVAG LLE TN CUAAOYN Kal avdAvon
Sedopévwy TTpayatikoV KOOV, 1) aviyveuon mhav®v avembiuntwy
EVEPYELWV KaLT) SLEPEUVNOT SPACEWY TWV PAPHUAKEVTIK®DV TIPOIOVTWV
TEPA TNG KUPLOG OEPATEVTIKNG TOVG. AdyoL SLEaywyN§ LLAG PAPLOKO-
ETILSNULOAOYIKIG LEAETNG ATTOTEAOVY PUBULOTIKA, VOULIKA, TIPOWONTIKA
Kot KAwika intpata. 0 0pBog 6XeSLAoUOG @APLAKOETILET LLOAOY KMV
UEAETWV ATALTEL TN OWOTN EMAOYT TOTOV £pguvag. OL TUTOL HEAETWV
Stakpivovtal o€ 1) TEpLypa@LKeG LEAETEG (AVAPOPEG/TELPEG TIEPLOTA-
TIKWV KL OLKOAOYLKEG 1] GUYXPOVIKEG LEAETEG) e 6TOXO TNV Evioxuom
TOU TIPOPIA ACPAAELNG TWV PAPUAKWV KL TIG AVAAVTIKEG LEAETEG (LLE-
AETEG AOOEVWOV-HOPTUPWY KL LEAETEG KOOPTIG) LE GTOXO TNV avaSeldn
OUOXETIOEWV AUTIAG-ATTOTEAEGUATOG KaL KvEUVoL-acBévelag. LoTO00, 0
OXESLAOUOG LLAG AP UAKOETILONLLOAOY LK G LEAETNG TIAPOVGLATEL TIEPL-
0PLOUOVG, GXETIKOVG LLE TNV TIOLOTNTA TWV SEGOUEVWV KL TO TTANOUGL-
ak6 Setypa. To G@AARA LEPOANTITIKOTNTAG KL AVAKAN GG, O TTApdyo-
vtag oVyxvong kat ) éAAewm Sedopevwy amotedoVv epmddia. Emiong, n
AELOTILOTIO AUTWY TWV PEAETWV BAGIZETAL OTN GTATIOTIKI] LOXV TOUG KOl
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ota mpokaBoplopéva opLa eUTLoTooLVNG. TEAOG, LSLXITEPA ONULAVTIKT)
avadelyBnke 1 GLUVELGPOPA TNG PAPLAKOETILEN ULOAOY (NG TNV TTaVET)-
uia Covid-19, amotedwvtag Bactkd epYaAEio QAPUAKOETAYPVTIVIOTG
YO TOV EVTOTILOUO KL KATAYPAPY] TIAPEVEPYELWV TWV ERROAIWV Eva-

VTLTOV KOpovoioV.

Topmépaopa: Ot HEAETEG QAP UAKOETILONULIOAOY{AG TTAEOVEKTOVVY KO-
B¢ UTopovV Vo SpAGOUV CUUTIAN PWHUATIKA GTOV KABOPLONO KL ETTAVE-
EETOOT KAWVIKWOV KaTeuBuvT plwv 0dnytwv. Znv EAAGSa, n @appakoe-
TSN uoAoyia Bpioketal o Tpwipa oTadLa, woTOG0 'EAANVEG EpELVTEG
EMSLWKOLVY TNV €EEALEN AUTIG TNG ONUAVTIKYG ETLGTIUNG.

1. Elcaywyn
1.1 OpLopdg - Iotopkn) Avadpopn

H emomun g Pappoakoemidnpioloyiag amoteAet
™V Topr] §V0 EMOTNHOVIKGOV KAGSwV, TG KAwiknig
dappakoroyiag kat g Emdnuoroyiag. Amo tov
Topéa ™G KAwwkng ®apuakoroyiag xpnolpomotei-
TOL TO EPEVVNTIKO EPWTNUA, HE GTOXO TNV TAPOXT|
XPNOWWV TIANPO@OPLOV YLK TOUG ETAYYEAUATIESG
vyelag 600V a@opd TIg BEPATEVTIKEG KoL aveTLOV-
UNTEG EVEPYELEG PapUaKwV. AvtioTolxa amd Tnv
Emdnuoroyia xpnowomoteitar 1 pebodoroyia,
KAOWG 1N PAPUAKOETISUIOAOYIKI] €PEVVA APOPL
HeydAes opuddeg mAnBuopoL. TuvoTTiKd, 11 Papua-
KOeTLONHIOAOYIX XPNOLUOTIOLEL ETILONULOAOYLIKES pE-
0680u¢ o€ SeSopéva KAwvikng appakoroyiag pe m
XPNOT OTNUAVTIKOV EPYRAELWV ATIO ETIOTHLES OTIWG
n latpun MMAnpo@opkn ka1 Blootatiotiky.!

H e&€AiEn g mMAnpo@opiknig Ko kabiEpwan xp1i-
ONG NAEKTPOVIKWOV VTIOAOYLOT®WV GTNV KaBnuePLv
latplkn mpa&n Bonbnoe WSlaitepa v mEPALTEPW
avamtuén g Pappakoemidnuodoyiag pe ™ Snut-
ovpylat TWV TMPWTWV HEYAAWV BAoewv amobnKev-
ong eSopévwv.?

Kd&vovtag pia wotopikry avadpoun, o 6pog dap-
pakoemidnuoAoyia ep@avifetal TpwWTN @OPAE 0TN
BiBAloypapia To 1984, evw vwpltepa, LEAETEG TTOV
EVETITITAV OE QUTO TO EPEVVNTIKO TESI0 YapaKtnpi-
Jovtav w¢ @apuaKeVTIKN emdnpoAoyia.® Yapyouvv
apketol oplopol yix tn Gappakoemidnuioioyia mwov

TAPoUoLAlovy opoLOTNTEG HETAEY TOUG. ZUUPWVQ
He Tov oplopd tov Brian L. Strom, evég amd toug
TPWTAYWVIOTEG QUTHG TNG ETLOTNUNG, | Papuakoe-
Tdnpodoyia eivat n LEAETN T™NG XPTONGS KAL TV ETIL-
Spaoewv @APUAK®WY 0AAA KAL LATPLKWV CUOKEVMV
o€ peyaro aplbud avlpomwv.! O MMaykdopiog Opya-
viopog Yyelag opilet ) Pappakoemidnuioroyia wg
TNV EMOTIUN TIOU HEAETA TN XPTIOT KAl TIG SPACELS
(EvEPYETIKESG KoL QVETILOVUNTEG) TWV PAPUAKWY OE
Heyoro aplpd atopwv pe okomd tnv opboAoyiky
KOl amoS0TIKI Xp1ioT) TOUG 0ToV TMANBUOoUO Kol N
BeAtiwon ¢ dnuootag vyeiag.*

HapdAAnia, ocOppwva pe tov Evans, n ®appuaxo-
emdnuoroyia pmopel va oplotel wg N e@apuoyn
eMISNUOAOYIKWV HEBOSWV KAl avaAvoewv doov
aPOPA TIG EMSPATELS PapPUAKWV, ELBOAIWY KAl KUT-
Taplkwv Bepamelwv3, evw cup@wva pe Tov Shader,
n Papuakoemidnuodoyia ava@EpeTal TN UEAE-
™ ™S XPNOMG, TNG ATOTEAECUATIKOTNTOS KL TNG
ACPAAELAS PAPUAKEVTIKOV 0UCLWOV (QAPUAK®Y,
BloAoyikmv Bepatmelwv, euPorinwv) oe peyailouvg kat
KaAd kaBoplopévoug mAnBuopovg.®

H Tp®Tn opyavwpévn @oppokoeTLSNULOAOYLKT)
HEAETN TTapaTnpNoNG Tpaypatomowmbnke otn ep-
navia to 1895, 6Tov a&lodoynOnke otnv KaOnuepL-
V1] LATPLKN TIPGEN 1) AOPAAELX SLAPOPWV PAPUAKWY
yla yevikny avatoonaoia.?

ATé téte N emoTHUN AUTH AvaTTUXONKE ALEONTAQ,
Kuplwg egattiag Twv mMaApakdT®w Tapayoviwv: (a)
yla va evioxVoel aSUVaNEG TV KALVIK®OV SOKLU®Y,
(B) Ta @appaka eKTOG Ao BEPATEVTIKEG ETSPATELG

3
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€xouv Kol 6oBapeg avemBUUNTEG EVEPYELEG IOV TIPE-
TeLva StepeuvvTal (oNUavTIKO poAo Ematiav 1) Te-
plmTwon TG YAWPAUPEVIKOANG KaL TG BaAtSouidng
70 1950 kat 1961 avtiotoya) kat (y) Six@opetikd
potifa xpriong @apuakwy petafd TANOLoUWY IOV
odnynocav otV avaykn TPAYUATOTIONONG CXETL-
K®V EPELVWV oTa Péoa NG Sekaetiag Tov 1960.125
To 1966 dapyloav va yivovtat otig HILA. Ta TpodyTa
Bruata mpog v avantuin ¢ PappakoemidnpLo-
Aoyilag, Tov o8NyNoAv GTNV TMPAYUATOTOMGN TNG
TPWG 8leBvolic cuvodou e emikevtpo ™ Pappa-
koemdnuioroyia To 1985 katl oty (§puon g Ate-
Bvolg Etaipeiag Pappakoemidnpioroyiag to 1989.2

1.2 AdyoL mpaypatomoinong Pappakosmidnuio-
AOYIK®OV HEAETOV

Ot AdyolL TPAYHATOTIOMONG PAPUAKOETLSNLLOAOYL-
KOV HEAET®WV TOlK{AouV kal pmopolv va Staxwpl-
otolv o€ puBuULoTIKOUG, TPoWOBNTIKOVG, VOULKoUS
kat kAwwkovug.! Mapakdatw, yivetal ava@opd oTov
kabéva ywplota.

1.2.1 PvOuotikoi Adyot

T otiyun ¢ évaping g epmopikng Stabeong twv
@ApUAKWV Sev elval YVWoTEG OAEG oL TTANpoopi-
€G ao@aAeiag Katl oL §pAcELS TOVG. G €K TOVUTOV, Ol
puBuLoTIKOL (POpPEIS cUYVA AauBdvouv YvwoToTom-
OELG TIEPLTITWOEWY EUPAVIONG AVETILOVUNTWY EVEp-
YELWV AT TN XP1ON TWV QAPUAK®WVY Kol tSlaitepa
TWV VEOKUKAO@OpoUVTWY. T'a Ty amdvtnon twv
EPWTNUATWY TIOU TTPOKVTITOLY, 0L pLBULGTIKOL (o-
peig umopel va InTroovv TV TIPAYUATOTIOMOT HLXG
PAPUAKOETILONULOAOYIKN G HEAETNG UE OKOTIO TN LIE-
AETN TNG XP1IONG, TNG ATOTEAETUATIKOTITAG KOIL TWV
BpayumpdBeopuwyv kal pakpompdbecuwy emdpaoe-
WV TOU PAPUAKOV 0€ VPVUTEPO TANOVONO Ao av-
TOV oV €EETAOTNKE OTIG KAWVIKEG SOKIUEG.S ETiimpo-
o0eta, 1 Evapén s kKukAo@opiag evos @apUAKOU
o€ kaBe ywpa pmopel va Sta@épel xpovoroyikd. To
YEYOVOG auTO UTTOPOUV v TO EKUETHAAEUTOUV OL
pLOULOTIKOL (POPEIG TNG EKACTOTE XWPAS, OL OTIo{0L
e€eTalovv v aitnon KukAo@opiag Tou @apudKov.
Ta amoTeAéopaTA @APUAKOETILONIOAOYIKWV LIE-

4
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AETWV ATO XWPESG OTIG 0TIolEG 1181 KuKAo@OpEL Eva
(PAPUAKEVTIKO OKEVAOUN UTOPOUV VA AELTOUPYT)-
00UV WG OTUEL AVAPOPAS KL VA ETLITAXVVOUV TIG
Sadkacieg Eykplong tou.!

1.2.2 MpowBnTIKOiL AdyoOL

H texunpiwon g aoc@dAelog kat TG AmoTEAEoUA-
TIKOTNTAG EVOG PAPUAKOV HECW HLAG PUPUAKOETIL-
SNULOAOY KNG LEAETNG, LTTOPEL VA LELWOEL TNV APXLKN
EMPUAAKTIKOTNTA TWV LATPWV WG TPOSG T1 CLUVTA-
yoypdonon tou. Ta amoteAéopata Hag @apuoKo-
EMISNULOAOYIKNG UEAETNG UTOPOUV va 08Ny o0ouv
otV gVpeon vEwv evdeifewv/avteveiEewv xpnong
TOoUu @appdaxov, emmpealovrtog kat kabopilovtag Ta
mAaiola cuvtayoypd@nong tov.!

1.2.3 Nopukoi Adyot

Y& MEPIMTWOELS aywYyng euBUVNG Tov TPoidvTOoG, 1
TPAYUATOTIOMOT) KATAAANANG PAPUAKOETLOTULOAO-
YK G HEAETNG amd TNV appuodia etaupeia pmopel va
Staoc@arioel Ty Tpaypatomoinon kabe Suvatig Si-
adIKaoiag yla TOV EVTOTILOUO TNG TOEKATNTAG EVOS
PAPUAKOL 660 To SuvaTtov ypnyopotepa.l

1.2.4 KAwvikoi Adyou

IV TEPITTWON QAPUAKWY YLt XPNOT O XPOVLIES
N ouyvés mabnoelg 1 yla auto@appakobepatneia, N
TPAYUATOTOMON HULAG PAPUAKOETILSTULOAOYIKNG |LE-
Agtng elval amapalmtn, kabwg 1 €ékBeom Twv acbe-
VoV 6’ auTo Ba elvat HEYAAN Kol yior HEYAAO XPOVIKO
Stkompa. EmmAéov, édeyxog ac@aleiag Twv @op-
UAKWV TIPETIEL VA TIPAYHATOTIOLETAL, OTAV 1) XNWLKY
Soun Toug 1) 1 Katyoplo otV oTola aviikouv oxXeTi-
Cetal pe avemBUUNTEG EVEPYELEG 1] TOEIKOTN TA. Z€ TrE-
pimtwon mov N XUk Sopr Toug elvat vEag XNIIKNG
UTIOKATNYOPLNG, TOTE TIPETEL VA YIVETAL EAEYXOG TOU
TPOPIA ao@AAELG TNG BEPATIEVTIKNG VTTOKATIYOP(-
ag oy omola aviikouy, KaBmGS Kot TG Lop@oToin-
omMG KoL TG Xp1iong yla tnv omoia evéeikvuvtatt
YUVOTITIKG, 1] TIPAYUATOTIOMON WG (PAPUAKOE-
TSN ULOAOYIKNG HEAETNG GUUPBAAAEL 0TV KOAUTEPT
TIOGOTIKOTIOMON TNG GUXVITNTAG ELPAVIOTG QVETTL-
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BVuNTWVY evepyelwV cAAG Kot otV afloAdynon kal
TPOGSLOPIOUO EVEPYETIKOTNTAG EVOG (PAPUAKEVTL-
KoV OKEVAONATOG, OTIWG EMIONG OTN CUYKPLOT) VEWV
PAPUAKWV PE Ta 1181 KukAo@opoUvTa 660V apopa
™ Bepameia ¢ (Slag acOévelag.!

1.3 H oup o) TG @appakosmidnpoioyiag otn
Anpoox Yysia

Eivat eupéws yvwoto mwg 1 afloAdynon twv emL-
SpAOoEWY TWV QAPUAK®WY, BETIKWOV KAl ApVNTIKWOV
Baoiletar oy edpatwpévn pebodoroyia Twv Tu-
XOLOTIOMUEVWV  EAEYXOUEVWV KAWVIK®V  SOKLUWYV,
OTIOV 0L UTIO EEETAON PAPUAKEVTIKEG OUGIEG GLUYKPI-
vovTtal e(te pe elkovika @appaka (placebo) ite pe
161 vtdpyovta oMV ayopa @appaka.*’ Qotdoo, ol
KAWIKEG SOKLUESG SEV aTElKOVI{OUV ATTOAVTA TIG OLV-
BMKeG OV EMKPATOVV OTOV TPAYHATIKO KOGHO.
Xapaktnplotikol meploplopol Twv KAWIKGOV Sokl-
MV €lvaL 0 PIKPOG OXETIKA aApLlOUAG CUUUETEXOVTWY,
N oUvtoun SLAPKELd TOUG, KABWE Kal 1 EQAPUOYT
KpLmpiwv y v €mA0y ] CURHETEXOVTWVY (KAT&
KkUpLo Adyo atopa peong nAkiag, vyLeis - xwpis loto-
PLKO TIOAA®V VOOTHATWY KAl Xwpig va akoilovBovv
OUVOETEG PAPPAKEVTIKEG AYWYEG).”

Iy mpaypatikotnTa, BEBata HE aAUTOVG TOUG TiE-
PLOPLOHOVG ElVaL ASUVATOV VX EVTOTILOTOUV KATIOLEG
OTIAVIEG AVETILOVUNTEG EVEPYELES (TL.Y. CUXVOTNTA EM-
@aviong 1 meplotatikd ava 25,000 dtopa). ZUVETWS
1 QOVAYKN Yo T LEAETN TWV QAPUAKWY 0€ CUVOTIKESG
TPAYHATIKOU KOOUOU Snuovpynoe yoviuo £8a@og
Yl TNV aVATITUEN TG ETILIOTAUNG TG Pappakoemdn-
poAoyiag,4,7 kabws 866nke 1 SuvatoTnTa va €€at-
x0oUv amotedéopata katl va eppnvevBolv Téoo amo
KAWLIKNG 060 KAl amd otatioTikng dmoymne.t? Ou pap-
HOKOETLENHIOAGYOL HECW TNG avdAvong TANOwpag
Sedopévwv mpaypatikov koopov (Real World Data),
mpooTafovv va gEdyouv TV KAWIKY amodeln Tou
mpaypatikov kocpov (Real World Evidence) oxetikda
HEe ™ xpnon kot ta mbavd o@EéAN 1§ KvdUvoug evog
PUPUAKEVTIKOV TPOIOVTOG. XT0 onpeio autd a&ilel va
ava@epOel TWG EAPUAKOETIONLOAOYIKEG HAKPOXPO-
VIEG UEAETEG KOOPTNG, OL OTIOLEG TIPAYUATOTIOLOVVTAL
ya ™ Siepeviviion mBavwv KvSivwv Kol 0QEA®Y
PUPUAKWV ATIOTEAOVV I YEQUPA YIX TI CUCXETLON
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TIPOUTIAPXOVTIWYV KAl VEWV SESOUEVWVY TTIOV APOPOVV
™V vyela, Ta SNHOYPAPKA KOl VOCOKOUELKA TIPOLY-
Hatikd Sedopeva.l! XapaktnploTikeG TNYES TPAYHA-
TIKWOV Se80UEVWV ATOTEAOUV TA NAEKTPOVIKA ap)XEla
vyeiog pe 8edopéva cuvTayoypa@nons Kat K6GToug,
Sedopéva amd aoaALaTIKOUS PopEels, KabBwg kat Se-
Sopéva amd KuBepYNTIKEG TIMYES, TTOU AGYOAOUVTAL
e ) Anpooa Yyeio.

Emopévwg, 1 dapuakoemidnuiodoyia Tpoo@EpeL
TANPOPOPIEG CUUTIANPWHATIKEG OE AUTEG TIOU TIPO-
Ekuray Katd T SIEVEPYELA TWV KAWVIKWV SOKLUWY,
OAAQ KoL VEEG TIANPOPOPLEG OXETIKA UE TA PAPUAKED-
TIKA OKEVACUATA (TL.Y. AVETILOVUNTEG EVEPYELEG OPKE-
TA OTIAVLIEG IOV €V EVTOTIOTNKAV GTNV KAWVIKT S0KL-
un). TéAog, eivat onuavTiko va ava@epBel Twg akoun
KOl av pia opUaKOETIONUIOAOY KT HEAETT SEV ava-
Sei€eL pio vea avemOO NN eVEPYELQ, T ATTOTEAEG Q-
TA ™G Elvat oNUAVTIKA, KaBwG vTooTtnpifovy Tepat-
TEPW TNV ACPAAELX TOV UTIO €EETAOT PapUAKoL.!

Mepikd Tapadelypato GNUAVTIK®OV ATOTEAECUA-
TWV  QAPUAKOETISNUIOAOYIKWV HEAETWV OTIOTE-
AoVV: 1 amooca@Nvion TG emidpaong ¢ Oepameiag
OPHOVIKNG VUTIOKOTACTAONG OTNV EUQAVIOT Kap-
Kivou tou evdountpiov,#'* 0 pdAog Tou PUAAKOV
0&£0G otV TPOANYM veEupoAoyIKwV Statapaywv,!* o
TPOCTATEVTIKOG POAOG TNG aoTILpivNG oTo KapSiay-
Yelakd voorjpatal® Kot ) TpooTATEVTIKY Spaon Twv
ELOTIVEOUEVWV KOPTIKOOTEPOELSWV aTO AoOpa.te

1.4 ®appakoemdnuoroyia - Pappakoemaypv-
mvnon

1.4.1 H ®appakosmdnuodoyia ko Pappako-
eTaypOTIVIION)

H ¢pappakoemidnuioloyia epmeplexel kat To avtt-
KEIUEVO TNG QUAPULAKOETOYpUTIVI|OT], OTIOV UTIAPYEL N
OTOXEVOT Yla V. 0ELOAOYEL QVeTOVUNTES EVEPYELES
Kol va evtomilel emPBAafeis cLUVETELEG PAPUAKEL-
TIKWOV TPOIOVTWVY TIou elvatl Stabeoipa 6to Kowod
Heow kataypa@ns dedopuévwv. O péAog Aotmtdv Tou
@UPUAKOETLENUIOAGYOU elval va Slepguvd Tov avTi-
KTUTIO TIOU pPTOpEl va €xeL otn dnuootla vyeia éva
(PAPUAKEVTIKO TIPOIOV SLaBECI0 0TV KUKAo@opia
AapBavovtag VTTOYN TIPAYUATIKEG AVAQOPES AVETIL-
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BVuNTWV Tapevepyelwv ano acBeveig.t’

1.4.2 0 poérog TG PapupakosmSnuodoyiag Kot
DAPUAKOEMAYPUTIVIIGNG GTNV  AVTLLETOTILOT
™G mavdnuiag (Covid-19)

H dappakoemidnuoroyla kot Pappoakoemaypu-
mvnon €moéav onuavTiko podo otn Slaxeiplon Kol
QVTIHETWTIION TNG Tavdnuiag (vocouv Covid-19).
‘Htav kabBoplotiki n cupuBoAn ¢ Kataypaens Kol
avaAvong peyadwv Baoewv dedopévwy vyeiag, ka-
B¢ KATEGTN EPIKTO VA EVTOTILGTOUV TTOAY Yp1iyopa
o0fBapes OAAA KAl OTIAVIEG TIAPEVEPYELEG TWV VEWV
epforiwv évavtt Tou kopovoiov. To 2020 kot 2021
860nke adela kKukAo@opiag Twv VEwV eufoAiwv pe
OKOTIO TNV TIPOANYT KL QVTIHETWTILON TNG Aoipw-
&NG aAAG Kal Tov TIEPLOPLOUD TNG SLACTIOPAS PHOALVY-
ong amo Tov véo kopovoid SARS-CoV-2. Ta teAevtaia
XPOVIA TIPAYLATOTIOLOUVTOV OPKETEG KALVIKEG SoKL-
WEG OXETIKEG UE EPPOALA EVAVTL KOPOVOIWY, WOTOGO
10 &eomaopa g avdnpiag Covid-19 dnuovpynoe
TOAAG “KAWVIKG” €PWTUATA TIOU NTAV AVAYKN Vo
amavtnOovv Gueoca kal amoteAsopatika. Ta Tpay-
HOTIKG @appakoemdnuiodoyikd Sedopeva npbav
VO ATTOVTIICOUV QUTA TA EPWTHUATA TIOU aQOPOV-
OOV TNV ATMOTEAECUATIKOTNTA TWV gUOAlwVY TIpLY,
KaTa T SLdpKeLla Kat LETA TNV vooTon amo covid-19
0TOV YeVIKO TANOLond.#1° Etoy, otnv Evpwmm ako-
AovBnOnke éva cVOTNUA ETLTIPNOTS TOU TIPOYPAL-
patog gppoAtacpov, To omoio otnpixdnke oe 2 Ba-
O0lKoUG MUAWVEG otnv PappakosmidnuoAoyia kat
dappakoemaypmvnon.?’ Emmiéov, oti¢ Hvwpéveg
[MoAtteieg S1e&NxOn peAé ywx v katavonon kot
alOAOYNOT ATIOTEAECUATIKOTNTAS OEPATEVTIKWOV
OXNUATWY, TA OTIolot GTOXEVAV OE VOGNAEVOUEVOUG
aoBeveig pe kopovoio.?

EmmAéov, amattovvtav 1 katavonon kat oflo-
AGYNON TWV BEPATEVTIKWV OXNUATWY, TA oTola
€8e1lE0V ATIOTEAEGUATIKOTNTA OE VOONAEVOUEVOUS
acBeveig pe kopovoid. O TePLOPLOPEVOG XPOVOS Kal
1 TuxaloToinon TeEPLOPLGPEVOL aplBpol acBevwv
OTIG KAWVIKEG HEAETEG OO0V APOPA TNV ATIOTEAETLA-
TIKOTNTA KAl A0QAAELL TwV EPUPoAiwv avedelle Ty
UTEPOYN KAl QELOTILOTIO TPAYUATIKGOV SES0UEVWV
TOU YevikoU TANOuopoU yia T ANYm onpovTiKoy
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ATOPACEWY KL SLUPOPPWOT) KAWVIKWV 051yLwv.81°
1.5 TKOTIOG

TKOTIOG TOL GpOpov eival va KAVEL plia eloaywyn oty
emotun s Pappakoemdnuooyiog aAAd Kot va
avadel&el v avaykn ya Stebpuvon Tov epeuvn KoV
£pyou, Tou pumopel va StegayBel otmv EAAGSa.

2. MeBoSoloyia

Ta ™ ovykekpévn BLBAoypa@iky avaockommon
£€ywe avalnon oty oXeTKN Slebvi) Kot EAANVIKN
BiBAoypapia. H e€aywyn mAnpo@oplwv €yve amo
TIC AVAYVWPLOUEVES KAl EYKUPEG UNXAVES avalnTn-
ong kat Baoelg Sedopuévwv Google Scholar, PubMed,
Scopus kat Science Direct. H avaokdmmon Baciotnke
o€ peAétes, apOpa kat ke@dAaia BIBAlwYV oYETIKWV
HE TN @appakoemdnuoAoyia kal EKTEVETAL XpOVL-
K& amd 1o 1972 €w¢ 1o 2021. Ot AEeLg - KAeSL1A IOV
xpnowomomBnkav eival “pharmacoepidemiology
(Pappaxoemibnuoroyia)”, “ clinical research (kAt-
vikn épeuva)”, “clinical trials (kAwikég peAéteg)”,
“pharmacovigilance (Pappakosmaypimvnon)” kat
agopoVoav TNV avalntnon yia TitAo/mepiAnym
(title/abstract related keywords) pepovowpéva eite
o€ SLa@opPoug cLVSLVAGHOUG. ApXIKG aTd TV ava-
okoOTmnon emAgxOnkav 125 &pbpa, amd ta omoia
amokAsiotnkav ta 55 ocUpwva pE Ta KpLTipla
emAoyns (Ntav BPAoypa@kés avaokKomoELg, oL
TEPLANPELS SEV GUUPWVOVCAV UE TA {NTOVHEVA TNG
AVOOKOTIMOTG, K.0t). 21N ouvéxela amoppipdnkav 10
apBpa KATOTILY avAyvwong 0AoU TOU KELHEVOU IOV
Sev ) Tav oXeTIKO PE TOUG 6TAXO0UGS TNGS BLALoYypa@L-
KNG avaokdmmong. Tédog amokAeiotnkav 3 apbpa
SOTLTAVY YPAUUEVH OE YAWOGOEG TEPA TNG YVWONG
Twv ovyypa@ewv (TaAAkd/lomavika). H Stayeiplon
Kol opyavwon g BAoypagiag £ywve pe m xprion
Aoylopiko Mendeley.

3. AToteAéopata - Tv{Tnon
3.1 TOTIoL PAPHAKOETUSNHULOAOYIKDV LEAETWV

Ot @appOKOETLESNULIOAOYIKEG HEAETES SlakpivovTal
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0€ TEPLYPAPIKEG KAl AVOAVTIKEG. OL TIEPLYPAPIKES
UEAETEG, KAL TILO CUYKEKPLUEVA OL VAPOPES TIEPL-
OTATIKWV, CEIPEG TEPLOTATIKWOV KOl OLKOAOYIKEG
N OUYXPOVIKEG UEAETEG, GUVELGPEPOUV GTNV EVPE-
on TOAVWV KEVOV AO@AAELAG KAl 0T SLaTuTTwon
UTIO0£0EWV, EVW 0L AVOAVTIKEG UEAETEG, OTIWG Elval
oL LEAETEG XOBEVWV-UapTIPWV KAL LEAETEG KOOPTNG
(cohort) , kaBopifouv eav VTIAPYEL TPAYUATIKY] OL-
OXETLOT AULTLATOV KAL ATIOTEAECPATOG.

3.1.1 leprypa@ikéc MeAéteg
A) Ava@opa eplotatikov (Case report)

Eivat n kataypaen evog cupavtog mou mapatn-
pnonke oe évav acbevi o omoiog ekTéONke o€ éva
(PUAPUAKEVTIKO OKEVAOUX KOl TTAPOVCIACE Eval OL-
YKEKPLUEVO KL KUPIwG avemBOUNTO, AmoTEAETUA.
IV ava@opa TEPLOTATLIKOU QVAypPAPOVTAL KAl T
XAPAKTNPLOTIKE TOU aoBevols (MAkia, @UAo, laTpl-
KO LOTOPLKO, KTA). Q0TOCO0, Hio ava@opd TEPLOTA-
TIKoU &g pmopel va xpnoipomomBel yiax yevikevon
KAl ATOCAEPNVLOT TNG ALTIOAOYING TOU ATTOTEAEOUA-
T0G.2223

B) Ava@opd oelpdg teprotatikwv (Case series)

[pokettal elte yia v a&loAdynon kot tnv TepL-
YPO@T pHag opadag acbevov oL 0ToloL £(0UV EKTE-
Bel oe évav mapayovta eite yia v ggetaon ™G
TPONYOUNEVNG €kBEONG WG Opuadag acBevwy Tov
TApovolalouvv €va GLYKEKPLUEVO amoTéAdsopa. Ot
OELPEG TIEPLOTATIKWV PTTOPOVV VA XPNOLUOTIO 000V
Y va TpooSloploTel 1 emiMTwon pag avemovun-
™G EVEPYELAG EVOG PAPUAKOL OTIWG ETTIONG UTTOPEL
va Slao@aAloTel 4TL oL 16N YVwoTEG avemBUunTEG
evépyeleg Sev gpaviovtal og mANOVoud Slapope-
TIKO amo auTiOv Tov pedetnOnke (Pdaom IV emomrel-
0G LETA TNV KUKAO@OPIX TOV OKEVAONATOG).2

I') Zuyxpovikeg 1) OtkoAoyikEg MeAéTeg
H ovyypovikn perétn elvar pla pn mopepfatikn

nuebodog mapaTPNONG €VOG AVTITIPOCWTEVTIKOV
Selypatog, 6OV 0 EPELVITIG KATAYPAPEL KATIOLOV
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OUYKEKPLUEVO TTAPAYOVTA OTIWG Eva TIPOPBAN UL VYEL-
ag, pla cupmepLopd 1) TPOTO (WG K.0L 0 CUYKEKPL-
HEVO XpOVo. O CUYKEKPLUEVOG TUTIOG LEAETNG ETILKE-
VIPWVETAL GTNV AVAAVOT 6e80Uévwy 0€ CUAAOYIKO
emimedo (MAnOuoplakny opdda) TapA g ATOUKO (
évag acBevig). O epeuvnTig Héow avaAVCEWY GV-
OXETLONG EVOG TAPAYOVTA KOL EVOG OTTOTEAECUATOS
mpooTaBel va Snuiovpynoel Ty VTTOOECT KAl OXL Vo
KATOANEEL O€ CUUTIEPACUATA GUOXETLONG TTOPAYO-
VT - ATOTEAECHATOG.2* XOpAKTNPLOTIKO TIaApASeLy-
L CUYXPOVIKNG LEAETNG Elval 1) cUYKpLoT TOV apLO-
1oV TWV CUVTAYWV ELCTIVEOUEVWVY B-aSpeEVEPYIK®OV
AYWVLIOTWV HLXG XWPOS Kat 0 aplBpds Bavatwy amd
acBpa. Mmopei va Bpebel ovoxétion petald avén-
oG XPNOTG TWV CUYKEKPLUEVWV PAPUAKWVY KAL OV-
&Nong Twv cofapwVv TMEPLOTATIKOV OAAA 0 Kapia
mepimTwon Sev pmopel va kataAn&eL o epeLVN TG O
ovpumepdopata S16TL §ev yvwpilel TL T0600TO ioBe-
VoV pe aoBua édafe v aywyn.?®

3.1.2 AVaAUTIKEG HEAETEG

A) MeAéteg aoBevav-paptipwyv (Case-control
studies)

Ol peAéTEG AQUTOV TOU TUTIOU €lval CUYKPLTIKES Kal
HEAETEG TTapATIPNOTG. ZUYKpIvOovTAL ATON pHE pia
acBévela N éva amotéAeopa evoLaQEPOVTOS UE ATO-
L TIAPOUOLAG KOTAOTHONG XWPIS TNV acBévela 1
TO ATMOTEAECHN EVSLAPEPOVTOG (LAPTUPES).2 Méow
XPNONG LATPLKM®V LOTOPIKWV, CUUTIATIPWOTG EPWTN-
HOTOAOYIWV KAL TTPOCWTILKWVY GUVEVTEVEEWV YIVETAL
UM ONUAVTIK®OV TANPOEOPLOY YLK TO TIWS KA-
ol €kBeom (Tapayovtag) umopel va oxetiletal pe
TNV EUPAVIOT TOV amoTeAéopatos. H pedétn aocbe-
VOV-LapTUpwV Bewpeital avadpouikr wg Tpog Tov
oxeblaopd, kabwg n mBavotnTa €kbeong oe Evav
TapdyovTa TpoNyeiTaL TG nuepounviag Kataypa-
NG TOU amoTEAEoUATOG. Ol CUYKEKPLUEVEG HEAETES
UTTopoVV va avoUV L8LAlTEPA XP1ICLUES YL T LEAE-
TN TOAAWV TIBAVWOV ALITIOV pLag aoBEvelag, Kabwg
To {810 Selypa atdépwv pmopel va xpnoipomowmOel
ya v e&étaom evog peydiov aplBpol ekBéoewv
w¢ mBavol mapayovteg kwdvvou. Emiong, elval
ypryopes, @Onvés katl evkoleg otn Sieaywyn.?” H
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O KATAAANAN €@OPUOYN TOUG a@opd Tn Slepev-
vnon mopayovtwyv kvdlvov, oL omoiol oxeTilovTal
He Kamola omavia acBévela 1§ kataotaot. Qotdo0,
QUTEG OL HEAETEG EPPVITOVV VAl OTUAVTIKO PELOVE-
KTNUa, To oTtoio elvatn TOavoTtnTa avakAnong evog
ovoTnuatikoL o@aipatos (recall bias), e€attiag g
UTIOKELPEVIKOTNTAG TIOU UTopel va epavilel o oye-
Staopdg g peAénge. ‘Etol, oL peAéteg aoBevwv-pap-
TOPWV XPNOLUOTIOLOVVTAL YIX VX EVTOTIIGOUV TiLBa-
VEG ouoyetioelg mapayoviwy €kBeong pe KATOLX
acBévela aAda oe kapia mepimtwon Sev pmopovv
va dnAwoovv amodedetypévn artiakr oxéon. H mo
KATOAANAN e@appoyn TOUG a@opd otn Slepevvnon
TAPAYOVTWV KvEVUVOU, oL oTtoloL oXeTI{ovVTaL LE KA-
mow  omdvia acBévela 1 katdotaon. Epgavidouv
BéBata éva GNUAVTIKO HELOVEKTNUA TETOLOV €180VG
UEAETEG, TO oTolo elval 1 TOavOTTA AVAKANONG
ovoTNUatikoV o@dApatog (recall bias), eEaritiag
TNG UTIOKELUEVIKOTNTAG TIOU UTOPEL Vo ERPavilel o
oxedlaopdg g perég. ‘Etol, ol peAéteg acBevwv
HoPTUPWV XPTCLUOTIOLOVVTAL YLOL VX EVTOTILGOUV Tl
Bavég cuoyetioelg TapayovTwy £kBeoNG HE KATIOL
acBévela aAAd o€ kapia mepimtwon Sev pmopolv va
dAwoovv amodedetypévn attiakn oxéon.2

B) MeAéteg koopTiG (cohort- MeAéteg otatioTt-
KOV Opddwv)

Ol GUYKEKPLUEVEG UEAETEG TIPUYUATOTIOLOUVTAL WE
OKOTIO TNV TauToTo{non Kot tapakoiovdnon Svo
UTIOOUAS WV £VOG CUYKEKPLUEVOL TTANBuoUOV o€ Ba-
Bo¢ xpovov. H pia opada mpodkettal va ektebel ot
évav mapayovta evw 1 devtepn opdda oyt ‘Etoy, yi-
VOVTOL CUYKPLTIKEG HEAETEG AVA{NTWVTAS SLPOPES
otnVv mopeia/eEEAEN pag vadoou 1] evog Blodoykon
TAPAYOVTA, OTWS EMONG KAl TNG KATAGTAGNG NG
vyelag 1 Twv Bavatwyv. O PEAETEG AUTEG pPTOPOVV
va xpnotpomowmBolv elte TPooTmTIKE, SnAadn n pe-
A£TN va TIPAYUATOTIOLEITAL TAUTOXPOVA [E TNV UTO
peAetn €xbeom, eite avadpopikd, SnAad peta tnv
0AOKANpWOTN TNG UTIO peAETNG €kBeomg, Xpmotuo-
ToLOVTAG Sedopeva amd LATPIKE LOTOPLKA ATOUWY,
OUUTIAT PWUEVA EPWTNUATOAGYLA 1] ATIO TIPOCWTILKESG
ouvevTeUEels.2?3% O ouykekplpévog TUTIOG HEAETNG
TIAE0VEKTEL SLOTL elval amaAAaypévog amd ) Suoko-
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Al ¢ Stadikaciog emAoyNG plag opadag eAEyxov.
Emiong, oL TPoOoTTIKEG HEAETEG KOOPTNG EVAL ATIOA-
Aaypéves amd to mMPOPANUA TNG AUELORNTHCLUNG
EYKLUPOTNTAS TWV avadpolkd ocuAAeydpevwy Se-
Sopévwv (recall bias). T Toug Tapamavw Adyoug
ulo ouoyétion mov amodelkvOETAL Ao pior HEAETT
K00pTNG elval TBavO va elvat 1) TTPAYHATIK OLTLW-
¢ ovoxétion. Emmpooheta, Slvel ™ Suvatotnta
va egetalovtal TeEPLoaOTEPA ATO VAl ATIOTEAET -
Ta OTOV QUTA TIPOKVUTITOVV ATO EVaV TIHPAYOVTO
£k0eomnG. TEAOG, oL LEAETEG KOOPTNG ETITPETTOVV TNV
eEaywyr OTATIOTIKWOV ATOTEAECUATWV OTIWG £ival
TO TT0G0O0TO TNG acBEvelag, o aplBudg vEéwy TieploTa-
TIKWOV KAl 0 OXETIKOG Kivduvog. QoTdo0, XapakTn-
pilovtat katl amd oplopéva pelovektnuata. H peré-
TN OXETIKA AGLVNOLOTWY ATOTEAECUATWY ATIOLTEL
efalpeTIKG peyada Setypata. Ao v GAAN TALLPQ,
Ol TIPOOTITIKEG PEAETEG KOOPTNG ATALTOUV HEYAAO
XPOVIKO SLACTNUA YLo TNV 0AOKAT|pwOT] TOUG KAL O
K{v8uvoG eYKaTAAELYMG TNG HEAETNG ATIO TOUG GUU-
HETEXOVTEG auEdveTal onuavtika. EmmAgoy, vmdp-
XEL KAl 0 kivduvog o@aipatog emAoyng (selection
bias), 8L0TL pumopel N HEAETN VA ETIKEVTPWVETOL GE
évav mapdyovta ékBeons xwpis va vToAoyilel Toug
mapdyovteg oVyxvong (confounders) kat pe avtd
TOV TPOTO pmopel va xaBel n eykupdTNTA TNG HEAE-
™G KoOpTNG.3132

3.2 AUGKOAIEG KL TIEPLOPLONOL OTOV OYESLIAGNO
KOL 6TV VAOTIO(N 6T PAPUAKOETLENULOAOYIK®DV
UEAETOV

Kd&Be oxeSlaopds @apuaKoeTSUOAOYIKNG HEAE-
TNG, EKTOG ATIO TTAEOVEKTIUATA, EXEL KL LELOVEKTT)-
pata. apakdtw, avagépovtal pepikés amd tig du-
OKOAleG kal Ta TPoPANHATA GTNV TIpAYUATOTIONON
PAPUAKOETILONULOAOYIKWV LEAETWV.

3.2.1 Baoseig 8s8opévmv

‘Eva amtd Ta TAEOVEKTNUATA TWV QAP UUKOETILET|L-
0AOYIK®V HEAETWV lval 1) Slayelplon kal emegepya-
ola peydov oykov dedopévwv. Ta Sedopéva pmopet
va eival eite mIpwToyevn, Ta ool CLAAEYOVTAL ATIO
TNV TApaKoAoVONoN UG KOOPTNG aoBeVmV Kat Tn
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OUAAOYT] GUYKEKPLLEVWV TIANPOQOPLWY, elTE SeuTe-
poyevr), Ta omola TapaAapfavovtal amd TPouTap-
xovoeg Bacelg SeSopévwy, TL.X. NAEKTPOVIKNG OV-
vTayoypagnong, dedopéva Tov Statnpovvtal amo
A0 PAALOTIKEG ETALPELES, K.0.K.33

A) ZvAdoyn TIPpWTOYEVWV 8edopévmv

Mia pébodog cuAAOYNG TPWTOYEVWV SeSOUEVWV
elval HEOCW EPWTNUATOAOYIWV 1] TIPOCWTIKWY OU-
VevTeLEewv. Q0TO00, 1| GUAAOYT EPWTNUATOAOYIWY
ElvaL ETILPPETIG O CPAANATA, SLOTL OL CUUUETEYO-
v1eg Sev elvat Tavta o€ B€on va avakaAovv akpifeig
TANpo@opieg N umopel N avakAnon va ivatl espai-
pévn (recall bias). Zuvenwg, oL oxedlaopol @appako-
EMSNUIOAOY KWV UEAETWV oL oToiol Bacifovtal o€
UV LES TWV GUUUETEXOVTWY, UTIOPEL VO TIPOaBETOUY
O@AALOTO OTA ATMOTEAEOHATA, Yl TX oTola Sev
UTapyEL akpLPng Tpomog pETpnons. Qotdo0o, £X0UV
avamtuxOel TPooEYYIoELS UE TIG OTOleG | GUAAOYN
TéTolwV Sedopévwv pmopel va yivel akplBéotepa.

B) Xpnjon Ssutepoyevmv 8edoutvwy

[Mapopola, n xprion Sevtepoyevwy Sedopevwy vTo-
KELTAL O€ OMUAVTIKOUG TEPLOPLOHOVG, YEYOVOG TO
oTolo €xelL ToVIoTEL ATTO TTOAAOUG EPEVVNTES, OL OTIOI-
oL T(POELSOTOLOVY yla Tov UYPmAS kivuvo Umapéng
O@UAUATWY KATA TN Xp1jon SEUTEPOYEVWV SeS0E-
V(DV'34738

To yeyovog 0tL 1 Snpovpyia tétowwv Baoewv Se-
Sopévwv Sev amookomel ot cUAAoyn SeSopévwv
yla EPEVVNTIKOVG OKOTIOUG, ATTOTEAEl ONUAVTIKO TrE-
plopLopd ot xprion tovg.>

MeAéteg mov Baocilovtat oe Baoelg Sedopévwv
NAEKTPOVIKIG GLUVTAYOYpAPNONS Hrtopel va odnyn-
Bovv o€ ecaApéva CUUTIEPATHLOTA XP1IONG PAPUA-
Kwv, emeldn elvat af€fato 1o kata TOco o acBevig
€xeL Ipaypatt AdBeL To @appako. MaAota, oplopé-
VO GUVTAYOYPAPOVUEVA PAPHAKAX ayop&lovTal Xw-
pl¢ LaTpIkr] ocuvtayn, KATL IOV SEV KATAYPAPETAL
OTIS eV AOYw Paoels Sedopévwy. TéAOG, vTTApXOUV
TEPITTWOEL OTIOU O TPOTIOG KWSLKOTOIoNG g
Baong dedopévwy eloayel TEPLOPLOUOUG GTNV 0pOT
TeAk Kataypa@n.® Atilel va onpelwOel 6Tt o€ Te-
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PLITTWOELS OTIOV 0 XPOVOG ANYTG TOU PAPUAKOU Ei-
val KaBoploTikag Tapdyovtasg eREPAVIoTG aveTLhy-
UNTNG EVEPYELAG (TL.Y. BPOYLUTTPOOECUEG UTIEPTACIKES
kploelg), Tétoles faoelg Sedopevwy Sev eivat KATAA-
AnAeg, 616TL 6g SlabéTouv akpLpn otolyeia xpovov.

EmnpéoBeta, evééyetal va amovoidlovv onua-
VTIKEG TANPO@OPIEG 1) va UMV EKTPOC®TOUVTAL
0Agg oL kaTtnyopieg Tov eVPVTEPOL TANBVGLOV TOUG
0TI0{0VG APOPA TO EPEVVNTIKO epwTna. ['x Tapa-
Sewypa, ot Bdoets Sedopévwv mov Statnpolvtal atmd
AoPAALOTIKEG ETALPELES, pmopel va Tieplopilovtal o€
atopa pe Atydtepeg vTokelpeves coBapeg aobével-
€6 1 kuplwg oe gpyaldpeva atopa. Katd cvvemelq,
TETOLEG BAoEL SESOUEVWVY EVEEXETAL VA UMV AVTIKA-
ToTTpiouv To €VPOG TNG VTG peAéTn €kBeong oTov
TANBUONUO-0TOXO, KATL IOV uTopel vae 08nynoetL oe
un akpLpn) evromiopud mOAVOVY aveTIOUUNTWY EVEP-
YeLWV.B

3.2.2 Aovp@@via LETAED) TWV @UAPUAKOETLSN -
OAOYIK®V HEAETOV

YTAp)ouV TEPITTWOELS LEAETWV OL OTIO(ES SLampary-
patevovtal To (8lo epWTNUA, WOTOCO KATAAYOUV
o€ Slaopetika ovpmepdopata. H acuppwvia avt
TWV ATMOTEAECUATWY UTIOVOUEVEL TNV EYKUPOTNTA
TWV @APUAKOETISNUIOAOYIKWY peAeTwv. 'Eva Té-
Tol0 Tapadetypa amotedel n e€étaon TG cLGXETL-
ong s MMYngs po@eko&ipmng pe avénuévo kivéuvo
ENPAVLIONG EPPPAYHATOS TOV puokapdiov. To 2003,
o Mamdani et al, katéAnéav oto amotédsopa OTL
1N xpnomn po@ekodiummg e oxetiletal pe avinuévo
KIv6UVo EUEAVIONG EREPAYHATOG TOU HUOKapSi-
ouv.”? Qotdoo, To 2004, o Ray et al,, cuumépave dtL
UTLAPYEL oUOYXETION 1) oTtola Seiyvel OTL 0 kivouvog
EWLPPAYHATOG TOV puokapdiov avdvetal pe ™ xpn-
on vymAwv ddcewv pogekodiummg (25mg 1 vmao-
TEPEG) KaL o)L xaunAotepwv.t! H Siagpopa twv Vo
HeAetwv Ntav 6tL 1 Sevtepn e&étace TV emidpao
SLAPOPETIKWV SOCEWV TOU PAPUAKOU.

ATd To Tapamdvw TApPASEYHd, YIVETAL CO@ES
OTL oL LA POPEG OTOV OXESLAGUO TNG HEAETNG, UTTO-
pel va 081My1|00UV V TOUG EPEVVNTES OE SLAPOPETIKA
GUUTIEPACUATA, YEYOVOS TIOU ETLOTUALVEL T CTUA-
VTIKOTNTA TOGO TOU 6WOTOU OXESIAOUOV OG0 Kol
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™ SvokoAia Tou 0pBoV oxedlacpol kal mpaypa-
TOTIONONG HLXG PUPUOAKOETLONLLOAOYLKNG HEAETTG,
AapBavovtag voYv kaBe TOBaVO TTHpAyovVTA IOV
pmopel va EMNPEROEL TO TEAIKO ATTOTEAEG Q.

3.2.3 Mepolmrtikétnta (bias) kat ovyxvom
(confounding)

MepoAnmrtikotnta (bias) eival n cvoTnpaTiKy poT
TIPOG TO AGO0G ATOTEAET A KoL O8N YEL OE EGPAApE-
VN EKTUNoN NG TPAYUATIKNG eTiSpaons pag €xk-
Beong oto amotédeopa evdapepovtos. H olyyuon
(confounding) elvai ta AavBacpéva cupmepdopata
efattiag ¢ emidpaons piag petafAn TG MOV OXETI-
{etaL TOG0 pe TNV £€kBe0T 600 KAL UE TNV UTIO HEAETY)
acBévela, xwpi§ WoTO0O Va ElvaLl ALTIATOG TTAPAYO-
vtac.2* [lapadetypa ovyyvong amoteAel pia peAe-
™ Ttou Miettinen, 6Tov £€6e€e OTL oL amd TOL OTO-
HaToG Koupapives auidvouv Ttov kivduvo @Aefikng
BpopBwoneg.** Qotdco, KaAd oxXESIAOUEVEG TUXOLL-
OTIONUEVEG KAWIKEG PEAETEG E8elyvav TO avTiBeTO.
H attia autig g Stapopds eivat 4t TapoAo Tov o
Miettinen mpocdppoce tov oxeSLOoUO TNG HEAETNG
TOU YLl VA LELWOEL TNV EMSPAOT] TWV TAPAYOVTWY
OUYXUOTG OTO TEALKO ATIOTEAECUA, OEV KATAPEPE VA
TEPLOPIOEL OAOUG AUTOVG, LLE ATIOTEAEC LA ) GUOYETL-
OT) VA TIAPOPEVEL BETIKN, XWPI§ TTPAYHATIKA va elval.
Amé ta Tapamdve Tapadelypata @aivetal ko-
Bapd O6TL N mapatnpnolaky @Von g Pappakoe-
TSN oAoylag tnv KaBLoTd EMPPET 0€ CPAALATA
™G pepoAnmrTikoTnTag (bias) kat g ovyyuong
(confounding), kaBw¢ ot emidnuLoAdyoL §& pmopovv
va kaBopiocouv To Tolog Ba SexBel 1} 6y TV ékBeom
KQL 0€ PEPIKEG TIEPITITWOELS, 8€ PTIOPOUV Vi eEAAE(-
Pouv TV eMiBpaon CUYXUTIKGOV TTAPAYOVTWY.*

3.2.4 TtaTloTIKT LoX0g

ZTATIOTIK LOXUG LLOG POPUAKOETILOTUIOAOYIKNG LLE-
Aé ¢ elval n mBavoéTa va amoppiPel ) va SexBel
0pBWG TNV apxLKn epeVVNTIKI VTTOBEDT, Baciopévn
o€ évav ouykekptpévo Baduod aglomiotios. H a&lomi-
otla plag peAETNG pmopel va tpoadloplotel amd To
€Vpog Tov Slaotnuatog epmiotooVvng (Confidence
interval) ywx v ektipwpevn enidpaon. F'a va €xet
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HEYGAN OTATIOTIKY oYXV pia peAén, Ba mpemel va
SlaBétel peydro Seiypa. OL cuoyeTIOUOL TTOV pTTO-
pel va TPoKUTITOUV ATIO TN OTATIOTIKI AVAAUGT] TOU
Selypatog pmopel va unv €xouv attiakr oxéon otV
mpaypatikémta. Qotdco, ypelaletal Slaitepn
mpocoyn SLdtL 6oo To acbevni eival pia cvoxETi-
o1 HeTady €kbeon ¢ kal aoBevelag, TOG0 LEYRAUTEPO
uéyebog Selypatog amatteital, Kol To avTioTPOPO.
Atilel va onpelwBel 0TI Sev eival Tavta £QIKTO va
ETILITUYXAVETAL VYNAT] OTATIOTIKY LOXUG OTIG UEAE-
TG, Kabws Sev elval mavta Suvatn n edpeon peya-
Aov Seiypatog touv vmd perétn mAnbuvopov. ‘Etol,
OPLOUEVEG HEAETEG PTTOPEL va 08N YNB0UV o€ e0aA-
UEVX CUUTIEPACUATA, TIAPOAO TIOU 1| Ste§arywyn G
OTATIOTIKNG avaAvon G ftav opb).*e

3.2.5 Epunveia amoteAeopdTmv

H mapammpnoiakny @uon tng emdnuoAoyiag Snut-
ovpyel Suokodia oto va eaxBolv cvumepaopaTa
YO QLTIOAOYIKEG OXECELS POCIOUEVEG ATIOKAELOTIKA
OTIG EMONULOAOYLIKEG pEAETEG. Opwg, oe cuvSuvaoud
ue mMANpo@opies amd aAreg mnyég (my. Baclopéveg
0€ TIPO-KAL KAWIKA SeSopéva), oL ETLONULOAOYLKES
UEAETEG LTIOPOVUV VA CUVELGPEPOVV OTNV ETAATOEV-
o1 Hag atlwdovg ouvaeelag. Emopévwg, ta emidn-
ULOAOYIKG TIOPIOPATA LTIOPOVV VA XPTOLHOTIOmB00V
ya T Slapdp@waon kat KaBoplopd KAWIK®V o8nyL-
WV Tov TepLopifouv TV €kBeoT, av KAl TIPETEL VA
onuewwdel N onpacia Twv TANPOPOPL®Y, OL OTOlES
TIPOEPYOVTAL KL ATIO AAAEG TINYEG KAl CUUBAAAOUV
OTNV OALOTIKN] TPOCEYYLON Kal SLHOPPWOT TEAL-
KWV CUUTIEPACUATWV.

3.3. H ®appakosmdnuiodoyia otnv EAAada

Av xal o kA&dog ¢ PappakoemidnpuLlodoylag ivat
€EAUPETIKA AVETITUYUEVOG OTLG TIEPLOCOTEPEG XWPES
™m¢ Avtikiis Eupwmng aAAd kot tng Bopeiag Apept-
KNG, OTIOV O€ TOUEIG OTIWG 1] PAPUAKOETIOYPUTIVIION
KaL 1 @apuakootkovopia yivetal poomabela aglo-
Toinong twv Stabéoipuwy dedopévwy, N EAAGSa £xel
ueivel miow, TG00 0TO OXESLAGUO OGO KAL OTNV VAO-
ToNoN PEAPUAKOETISUIOAOYIK®OV peAeTwv. [Map’
OAa auTd €yovv yivel TpooTddeleg yia TNy aflomoi-
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107 PAPUAKOETISNUOAOYIKWV SeS0UEVWY, OPLO|LE-
VEG Ao TIG oToleg Ba TapateBoly TapaAKATW.

Mio attd TIG TIPWTES PAPUAKOETILSLLOAOYIKEG HE-
Aéteg otnv EAAGSa ipaypatomomOnke to 1972 amod
TNV EPELVNTIKY OUASA TOU K. AUUTIEPATOV OXETIKA
pe T xprion avtiBlOTIKWV 0Ta EAANVIK& VOOOKO-
peta.” Emiong, omwg @aivetat oto apbpo mov 6n-
pootevTNKe amo tov k. T¢lun to 2001,  katdotaon
0600V aPOPA T SLEVEPYELX EPEVVAG ATIO TA VOGOKO-
pela elval apketd SUoPEVG, HE ONUAVTIKEG SUOKO-
AEG Yl TOUG EPEVVNTEG EMAYYEAUGTWY VYElNG Kol
amovoia xpnuatodotoewv.*®

H epguvntikn opada tov k. Kovtagakn mpaypoato-
TOMOE LEAETN OXETIKA LLE TN XPTOT) ATUTIWV VTV~
XWOKWV o€ aoBevei pe oxlo@pévela,*® evw 1 opa-
Sa ¢ kag. Kamakn Siepevvnoe v emidpaon twv
QVUOTOAEWY XOALVECTEPAGNG GTN VONTIK LKAVO-
mta acBevaov.> TlapdAAnAa, 1 Ko ZKOUPOALAKLOU
NYNONKE HEAETNG YIX TNV KATAVAAWOT PAPULAKEVTL-
KOV OKEVAOUATWY KATA TN Stapkela Twv OAvpmia-
KOV Ayovwv tou 2004°! kat 1 opdda tov k. Kakou-
ASN a&loAdynoe T YAUKALULKY ELKOVA YUVOLK®OV LE
St ™ knong mov AduBavav ntapedaldvn.5?
TéAog, N ka. MaATédov €xeL CUVELOQEPEL GTNV TIPO-
®wONnoN TG PAPUAKOETISNUIOAOYIKNG EPEVVAG OTN
XWPA LLE TO EPEVVITIKO TNG £PYO0 VA ETILKEVTPWVETOL
otV gUPOALAOTIKY KAAVYM ETAYYEAUATIOV VYEING
KQL 0TNV KATAOVAAWOT KAL GUVTAYOYPA@NON avTLBL-
OTIKWV.355

H mpwtn ovvtoviopévn mpoomddela yia ) &n-
povpyia pwag Epguvntiknig Opadag pe avtikeipevo
™ Papuakosmidnuioroyia £ywe amo to Tunpa la-
TPWKNG Tou Anpokpiteov IMavemompiov Opdakng
Kkalt ouykekpluéva, oto Epyaoctiplo Yylewng kot
[pootaaciag MeptBdArovtos Tov Tunpatos latpikng
Tou A.IL.O. pe StevBuvty tov Kabnynt k. Oed8wpo
Kwvotavtwidn. To Tunpa latpukng tov Anpoxpitel-
ov Ilavemotnpiov OpAakng NTAV TO TPWTO TUNLQ,
TIOV EL0TYAYE TO HAONpa «DapuakoemidnuLoAoyio»
oto Ipomtuyiakd Ipdypappa Emovdwv, evw ma-
pAAANAa Eekivnoe TV mpaypatotoinon StaiéEewv
dappakoemidnuioroyiag ota Metamtuylakda Ipo-
ypaupoata Zmouvdwv aAAd kal tnv ekmovnon Sida-
KTOPIK®OV SLatplfwyv e BEpa T @appakKoemidnuLo-
Aoy avdAvon SeSopévwv.
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Ta epevvnTika evliag@épovia ™G EpeguvnTikig
opadag dappakoemidnuoroyiag ™G latpikng
AILO® emkevtpwvovtat otn xpnon Mn Zuvtayo-
ypa@olpevwv Papudkwv,’® otnv afloddynon twv
YVWOoEWV Tou TIANOuopoy 600V a@opd T Xpnon
QVOAYNTIK®OV QUPUAKEUTIK®OV OKEVAOUATWY, OTN
XPNon BLTapvev Kot CUPTANPWUATWY SLATPOPT|G,
oTIg aAAnAemidpdoels PeTa&h @apuakwv,””*8 oty
moAv@appakia (16lwg o atopa TPitg NAkiag),
KaBWs Kol OTA XOPAKTINPLOTIKA GUVTAYOYPA&®n-
ong oe aoBeveic otnv EAAGSa pe ouyvd voonpata
(vmtepxoAnotepoAatpia, apbpitideg®® kat kapdiay-
yelakeg mabnoeg?), evw €xouv mpaypatomoinBel
Kol GAAeg Snpootevoelg o SteBvr) meplodikatl 62,
AkolovBwvtag Tig e€eAiels otov Topéa g Papua-
KOETILSNULOAOYING, TO EPYACTNPLO EXEL ETKEVTPWOEL
EPEVVITIKA OE HEAETEG, OL OTIOLEG LPOPOVV PEYAAOUG
mAnBuopols kat SeSopéva TpAyHATIKOY KOoHOoL.®
[MapdAAnAa, péAn Tov epyactnplov elvat evepya oe
EPEVVITIKA TIPOYPALUATA TIOV VTTOoTNPilovTal amd
Tov Evpwmaiké Opyaviopd Papudkwv®* (European
Medicines Agency),®® aAAd kot og Spdoeig tov Ev-
pwTaikoy Altktoov Kévtpwv yua tn ®appoakoemidn-
uooyia kat ™ Pappakoemaypimvnon (European
Network for Centres for Pharmacoepidemiology and
Pharmacovigilance) 6mwg emiong Aebviig cuvep-
yooieg pe Siakekpipéva PappaKoeTIONUOAOYIKA
epeuvnTikd kévtpa (Rutgers University, USA).

[MepMPeig (Scientific Abstracts) twv Vo €E€AL-
&N M OAOKANPWUEVWV EPYACLOV OTO AVTIKEIHEVO
™ms PappakoemidnpoAoyiag mapovoldlovtal oe
[MaveAAvia cuvedpla OTIwG Ta “Ymmpeowwv Yyeiag
dappakeiov”, “@opouvp Anpdoiag Yyeiag & Koww-
vikng latpwng” kat “Owovopikd kat IToATikeg g
Yyeiag”, pe otoxo TV mMpowdnon s PapuaKoeTL-
Snuoroyknig épevvag otnv EAAGSa. v Aletav-
SpoumoAn @ulodeveitar to IMaveAAnvio Xuumoocio
doappakoemidnpoloyiag, To omoio Slopyavwvetat
amd to Epyaotiplo Yyiewng kat Ipootaciag Ile-
ptB&Arovtog touv Tunuatog latpikig AJLG. og ou-
vepyaoia pe tov Papuakeutikd TOAAoyo EBpov.
Ewg onjuepa éxouv SietayBel téooepa cupmooLa, To
2016, 2017, 2018 kat 2021 pe ™ cuppeToxt) Slake-
kplévwv EAAvwv kat Eévwv emotnuovwy. Emiong,
To Epyaotriplo cuppetéyel atn Stopydvwon training
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schools o€ emayyeAuaties vyeiag aAAd KoL oTEAEYN
(PAPUAKEVTIKWV ETILYXELPTOEWY OXETIKA LE TO POAO
Kal To avtikeipevo g PappakoemidnuoAoyiag,
KaBWG KoL TN XPNOUOTHTA TNG

AlamioTwVETAL AOLTTOV TtIwG 0 TopEns T Papua-
koemidnuoroyiag otnv EAAGSa Bploketal og ToAD
TPWILA OTASLA, CUVTOVIOUEVEG OUWG EPEVVNTIKES
UEAETEG UTOPOUV VA ATIOQEPOUV OTUOVTIKEG OA-
AayEG Kol BEATIDOELS OTOV XWPO TOU (PAPUAKOVU.
H éAAewpm wotdéco mpodoPaong oe EMAPKEIS KL op-

REVIEW ARTICLE

yavwueves Baoelg SeSopévwy 600V a@opd eBvi-
K& SeSoUEVA AEKTPOVIKIG GUVTAYOYPAPTONG KAL
Sedopevy  PEYOAWY AO@PAALCTIKWOV (POPEWV OTO
EAANVIKO KPATOG amoTeAEl EUTOSI0 IOV B TIPETEL
va Eemepaotel. [Mapamdvw mapovoldoTnkav onua-
VTIKEG TIPOOTIAOELEG WG TIPOG TNV TIPOWBN O KAL TNV
avantuén g Pappakoemidnporoyiag aAAd emi-
TOKTIKT €lVaL 11 QVAYKT KoL TEPALTEPW EPEVVNTIKIG
EVAOYOANONG YL TNV AVATITUEN AUTNG TNG ooV Sai-
ag emotiung. O
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ABSTRACT

Introduction: Pharmacoepidemiology is defined as “the science that
investigates the use and action of drugs on a large population scale”
according to the World Health Organization. The aim of this review is to
highlight the important role of pharmacoepidemiology and its research
standing in Greece.

Methodology: For this literature review, articles and relative information
was extracted using the academic search engines and databases Google
Scholar, PubMed, Scopus and Science Direct. The review includes
literature content from 1972 to 2021 and the keywords that were used
for the literature search are “Pharmacoepidemiology”, “clinical research”,
“clinical studies”, and “Pharmacovigilance”.

Results - Discussion: Fundamental aims of Pharmacoepidemiology
are: a) the enhancement of clinical research with the collection and
analysis of Real-World Data, b) the detection of potential side effects
of pharmaceutical products and c) the study/investigation of new
therapeutic actions of pharmaceutical products for their beneficial use
beyond their main known action. Additional reasons that make it crucial
to conduct pharmacoepidemiologic studies nowadays are related to
regulatory, legal, marketing, and clinical research evolvement factors. The
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main tools of Pharmacoepidemiology are: (i) advanced epidemiological
methods which are applied to clinical research data and (ii) databases
that have been developed significantly in recent years due to the
progress of computer science and big data analytics. Some of the main
resources of real-world data used in pharmacoepidemiologic science
are drug prescription-cost related data, health insurance databases, and
government related resources. The types of the studies that are used to
conduct a pharmacoepidemiologic research are: i) descriptive studies
(reports/case series and ecological or cross-sectional studies) aiming
to enhance drug safety and pharmaceutical risk assessment and ii)
analytical studies (case control and cohort studies) aiming to highlight
the cause-effect relationships and detect risk-disease factors. However,
despite the excellent design of a pharmacoepidemiologic research study,
there are limitations related to the quality of data (primary/secondary)
obtained and analyzed but also the population group size studied. There
are also further limitations such as bias and recall bias, confounding
factors, lack of organized valid large databases for research purposes that
may pose an important burden to the proper design of a study. Finally,
the reliability of a pharmacoepidemiologic study is very crucial based on
its statistical power as defined by the confidence intervals and the large
and well-defined /represented population sample. It is worth mentioning
that the contribution of pharmacoepidemiology was highlighted
significantly during the Covid-19 pandemic as a key pharmacovigilance
tool that has identified and recorded serious and rare side effects of the
new, innovative vaccines against the coronavirus disease.

Conclusion: Pharmacoepidemiology studies are truly valuable since
they can also act as a complementary assessment tool to the formation
and updates of clinical guidelines. In Greece, the scientific field of
pharmacoepidemiology is still in very early foundation stage, although
there are groups of Greek scientists -researchers in recent decades that
they have been trying through their work to develop and evolve this
fascinating scientific field.
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Introduction

ABSTRACT

Topical anesthetics are drug molecules that are widely utilized in medical
applications, including the treatment of painful conditions, the prevention
of pain during a procedure and the relieve of pain post-surgery. Benzo-
caine (ethyl 4-aminobenzoate) is a water-insoluble topical anesthetic drug
that is used for the temporary relief of pain caused by minor irritation,
soreness, or injury of the mouth and throat. It is the active ingredient in
some over-the-counter (OTC) products, including ointments, sprays, gels
and solutions. However, the low solubility of benzocaine in water renders
it impossible to develop a solution with an adequate concentration. The
herein proposed method regards the incorporation of benzocaine in a dis-
persed system composed of amphiphilic molecules that can self-assemble,
promoting encapsulation and a stable final formulation over time. The
proposed dispersed system is composed of sunflower phosphatidylcholine
and polysorbate, for the development of a physicochemically stable galen-
ic formulation that can be administered to children for the treatment of
certain oral conditions. We propose the revision of the currently used pre-
scription and that the term “solution” (Sol) be replaced by the term “dis-
persed system” (DisSys), giving the opportunity to pharmacists to develop
a stable galenic formulation, following the principles and laws of Physical
Pharmacy and Pharmaceutical Technology.

esthetic that works by numbing the painful area.
Benzocaine is slightly soluble in water, with a

Benzocaine is used short term, also as a galenic
formulation, to relieve pain from minor mouth
problems (such as toothache, canker sores, sore
gums/throat, mouth/gum injury). It is a local an-

18

reported solubility of 400 mg/L%. In the case of
pharmaceutical molecules with weakly acidic or
weakly alkaline properties, the degree of ioniza-
tion is one of the main factors that determine their
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pharmaceutical effect., as only the non-ionized
form of the drug can pass through the lipophilic
cell membranes. The degree of ionization depends
on the pKa value of the drug molecule and the pH
value of the dissolution medium. Local anesthetics
are generally weakly basic compounds with a pKa
value of 7.6-8.92

The need for the establishment of a universal
guideline on the procedures and practices asso-
ciated with the preparation of pharmaceutical
products inside pharmacy laboratories, was first
recognized in 2011, through the “Resolution CM/
ResAP(2011)1 on Quality and Safety Assurance
Requirements for Medicinal Products Prepared
in Pharmacies for the Special Needs of Patients”,
which was later updated in 20163 Generally, dif-
ferent countries of the European Union have very
different regimes for pharmaceutical prepara-
tions. In Greece, the latter uniform regulation of
health providers (EKPY) of the National Organiza-
tion for the Provision of Health Services (EOPYY)
that came into force in 2018, mentions the term
“galenic formulation” to describe pharmaceutical
formulations that are prepared inside the pharma-
cy and are compensated by the EOPYY according
to ministerial decision, following a proposal by the
board of directors of the organization*>.

Pharmaceutical preparations based on bioma-
terials with self-assembled properties such as
amphiphilic molecules (e.g. sunflower phospha-
tidylcholine, PC) are currently used to formulate
low solubility drugs and biological molecules. The
basic concept is the self-closed structures that the
amphiphilic molecules (i.e. sunflower PC) produce
to increase the van der Walls hydrophobic forces,
promoting high encapsulation efficiency of lipo-
philic drugs (e.g. benzocaine or topical anesthetic
drugs) or biological compounds. The final formu-
lation should be stable in certain conditions (e.g.
room temperature) and should be checked and
evaluated using conventional methods, such as
measurement of optical properties, pH, dynamic
and electrophoretic light scattering (DLS and ELS),
thermal analysis techniques etc. The main reason
for proposing a new galenic formulation for ben-

Demetzos C. et al, Pharmakeftiki, 35,1, 2023 | 18-25

zocaine (see below Formulation II) is the poor dis-
solution properties of the lipophilic compound in
aqueous media. Such preparations and the evalu-
ation process took place in university laboratories
or in laboratories that are established to evaluate
dispersed systems, offering all the needed data for
in depth evaluation, regarding the physical, chem-
ical and thermodynamic stability of the final for-
mulation 2.

In our laboratory in the Department of Phar-
macy of the National and Kapodistrian Universi-
ty of Athens we decided to evaluate the stability
of a galenic preparation of benzocaine (see below
Formulation II), compared to the established pre-
scribed recipe in Greece prepared by pharmacists
(Formulation I). It was obvious from our experi-
ments and based on the experience of pharmacists
that the current galenic prescription should be re-
vised and improved, from the currently prescribed
solution to a dispersed system of the lipophilic
compound. This improvement offers a new galenic
formulation recipe to be used for a huge number
of lipophilic compounds, such as topical anesthet-
ic drugs.

Materials and Methods

In this section we describe the protocols for the
preparation of two benzocaine galenic formula-
tions. These have been assigned the names Ben-
zocaine Formulation I, which corresponds to ben-
zocaine as a solution (proposed acronym BFSol),
and second Benzocaine Formulation II, which cor-
responds to benzocaine as dispersed system (pro-
posed acronym BFDisSys).

For comparison reasons, a benzocaine formu-
lation (Benzocaine Formula I as prescribed solu-
tion) was developed and evaluated, as a reference
formulation based on a galenic recipe that is es-
tablished in Greece and prescribed by the doctors
for preparing benzocaine oral formulations.

Benzocaine Formulation I (BFSol)
Equipment and Materials
e Analytical balance

19



®APMAKEYTIKH, 35,1, 2023 | 18-25

EPEYNHTIKH EPTAXIA

PHARMAKEFTIK]I, 35,1, 2023 | 18-25

Mortar and pestle
Volumetric cylinder
Powder Penicillin 50,000 [U
Benzocaine (ethyl 4-aminobenzoate) (mi-
cronized) (Mw = 165.19) (Chemco by Syndesmos
S.A., Athens, Greece)

e Glycerin

e Distilled water.

The protocol to prepare the benzocaine formu-
lation currently prescribed demands:

1. In a vial that contains powder penicillin
50,000 IU, 3.8 mL distilled water are added, and a
solution of penicillin 50,000 IU is prepared.

2. 1 g of benzocaine is mixed with a part of
glycerin to be dissolved and homogenized.

3. From the solution of penicillin, a 0.19 mL is
received.

4. Distilled water is added in an empty vial to a
final volume of 50 mL.

5. The benzocaine dissolved and homogenized
in 50 mL glycerin with the 0.19 ml penicillin
50,000 IU are added to 50 mL distilled water in a
vial of 100 mL.

Benzocaine Formulation II (BFDisSys)

The present method concerns the dispersion

20

Figure 1. Photo of the developed benzocaine dispersed system (BFDisSys).
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of molecules with topical anesthetic action in an
aqueous medium containing self-assembled am-
phiphilic molecules such as Phosphatidylcholine
from sunflower and Polysorbate (Tween® 80) for
preparing stable and effective formulations.

Equipment and Materials

e Analytical balance

e Mortar and pestle

e Volumetric cylinder

e Benzocaine (ethyl 4-aminobenzoate) (micron-
ized) (Mw = 165.19) (Chemco by Syndesmos S.A.,
Athens, Greece)

e Phosphatidylcholine from sunflower (Lipoid
H 100) (Lipoid AG, Steinhausen, Switzerland)

e Polysorbate 80 (Tween® 80) (Mw = 1,310)
(Chemco by Syndesmos S.A., Athens, Greece)

e Distilled water.

The protocol to prepare the benzocaine formula-
tion that is proposed as dispersed system includes
the following steps:

1. The below quantities are weighted:

a.Benzocaine 1 g
b. Sunflower phosphatidylcholine 5.4 g
c. Polysorbate 80 (Tween® 80), 600 mg

2. The ingredients are added inside the mortar.

3. Mixing is carried out by using the pestle, until
a homogeneous mixture is obtained.
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Table 1. Physicochemical properties of the developed BFSol and BFDisSys formulations (day 0).

Formulation Medium Dp! (1um) PDI2 C-pot3 (mV)
BFSol Distilled H,0 1.289+0.559 | 1.000 £ 0.000 | -
BFDisSys Distilled H,0 0.567 +0.025 | 0.375+0.051 | -32.2+0.8

1 Hydrodynamic diameter; 2 Polydispersity index; 3 Zeta potential; BFDisSys: benzocaine formulation dispersed

system; BESol: benzocaine formulation solution.

4. Distilled water is added to the mixture by
geometric dilution, up to 100 mL, while mixing by
using the pestle is carried out, to disperse the sol-
id mixture effectively.

5. A homogeneous milky yellowish dispersed
system is formed, which contains the drug, dis-
persed into lipidic/sunflower phosphatidylcho-
line particles.

6. The dispersed system is transferred to the
appropriate container, for future oral application.

Physicochemical Properties and Stability

The physicochemical characteristics of BFSol and
BFDisSys were evaluated after preparation (day
0), by measuring their size (hydrodynamic diam-
eter, Dh), size distribution (polydispersity index,
PDI) and zeta potential ({-pot), through dynamic
and electrophoretic light scattering (DLS and ELS).
To this end, 50 uL samples were diluted 60-fold in
HPLC-grade H20 and then measured with a Zetasiz-
er 3000 HSA or a Zetasizer Lab (Red) (Malvern Pan-
alytical, Malvern, UK), at a detection angle 0f 90° and
at 25 °C, by measuring the intensity of the scattered
light. The results were analyzed by the CONTIN
method. The same approach was applied to study
the physicochemical properties of the systems
over time (days 7 and 14) in order to evaluate their
stability. Moreover, electron microscopy has been
used to check the morphological characteristics of
the particles encapsulated benzocaine (data not
shown).

Results and Discussion
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Figure 2. Size distribution of the benzocaine dispersed
system (BFDisSys), weighed by intensity (day 0).

The present study concerns a simple and quick
method to prepare a stable benzocaine dispersion
system (BFDisSys) by using two ingredients that
are available in the market, specifically, sunflow-
er PC and Polysorbate (Tween® 80) (Figure 1).
The physicochemical properties of the developed
formula are presented in Table 1, while the parti-
cle size distribution is depicted in Figure 2. From
the results, the method leads to small particles of
size below 1000 nm, which presumably incorpo-
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Table 2. Physicochemical properties of the developed BFSol and BFDisSys formulations

over time.
Formulation Medium Day Dp! (pm) PDI?
BFSol Distilled H,0 7 Collapsed -
BFSol Distilled H20 14 Collapsed -
BFDisSys Distilled H,0 7 0.647 +£0.035 | 0.303 £ 0.051
BFDisSys Distilled H,0 14 0.656 £ 0.025 | 0.315 £ 0.036

1 Hydrodynamic diameter; 2 Polydispersity index; BFDisSys: benzocaine formulation dispersed

system; BESol: benzocaine formulation solution.
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Figure 3. Size distribution of the benzocaine dispersed system (BFDisSys), weighed by intensity

(day 14).

rate benzocaine. More specifically, their size was
around 0.566 pm, with a polydispersity (PDI)
0.634 + 0.322 (Table 1). The zeta potential ({-pot),
which is the charge of the particles (i.e. slipping
plane charge), was -32.2 mV, which suggests
that these particles are significantly negatively
charged, promoting the physical stability of the
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final formulation over time (Table 2).

On the other hand, the reference formula (BFSol)
which is currently prescribed, was characterized
by very high hydrodynamic diameter and maxi-
mum polydispersity, which suggests the existence
of a very heterogeneous population of large parti-
cles that promotes aggregation and phase separa-
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tion (Table 1). This ultimately led to the instability
of the final formulation (Table 2). Our strong be-
lief is that the prescription of the formulation of
benzocaine and topical anesthetic drugs, in gen-
eral, as galenic solution formulations should be
replaced by a more appropriate and scientifical-
ly correct prescription, based on pharmaceutical
technology and physical pharmacy principles and
laws. This, ultimately, gives to the pharmacists the
advantage for producing stable galenic formula-
tions, as dispersed systems, as the international
bibliography promotes and supports.

The herein developed galenic formulation BF-
DisSys was expected to exhibit good colloidal
stability, based on the measured zeta potential of
the nanoparticles and according to the Derjaguin,
Landau, Vervey, and Overbeek (DLVO) theory (9).
The theory suggests that particles with surface
charge of absolute value higher than +/-30mV
should repulse each other electrostatically, thus
providing a mechanism for avoiding aggregation
and destabilization phenomena. As a result, the
hydrodynamic diameter and polydispersity of BF-
DisSys particles did not present significant chang-
es after 7 and 14 days, as opposed to the BFSol
system, which collapsed and could not be mea-
sured (Table 2, Figure 3).

Conclusion

In the present research we aimed to develop and
evaluate in terms of stability characteristics, a
galenic formulation composed of benzocaine, by
using simple and low-cost excipients. We have
recognized from a stability point of view that the
current prescription of benzocaine as a galenic
formulation administrated to children for the al-
leviation of mouth pain, does not follow the phar-
maceutical technology and physical pharmacy

Demetzos C. et al, Pharmakeftiki, 35,1, 2023 | 18-25

laws and principles, such as the DLVO theory (9).
The physical and thermodynamic stability of the
final formulation should be considered as crucial
for the effectiveness of the final formulation, de-
pending on the origin and nature of biomaterials
(i.e. excipients and drug molecule) that have been
selected to be used. Moreover, the environmental
conditions (i.e. temperature, humidity) as well as
the duration of storage, should be implemented
with the scientific principles to ensure the sta-
bility of the product over time and its final effec-
tiveness. Overcoming or not considering such sci-
entific approaches, it is obvious that the stability
and effectiveness of the final formulation could
decline over time.

We proposed a new galenic formulation (BFDis-
Sys), promoting the replacement of the already ex-
isting prescription, by taking into consideration the
physical laws of stability in aqueous preparation,
promoting the dispersed systems’ process that al-
lows to produce stable final products. In the case
of benzocaine and of topical anesthetic drugs, the
preparation of dispersed systems can provide sta-
ble formulations. Concluding, we suggest the revi-
sion of the current prescription, replacing the solu-
tion concept with the concept of dispersed system
that offers advantages regarding the final stability
of the formulation and provide pharmacists with a
stable and effective galenic formulation. O
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[Mapaokevn Kat a&loA0y1 o1 KOAAOEWS WV
CUOTIUATWV SLAGTIOPAC TOTKIC XPT)ONG
avaloONTIKOV @apuakwyv. To Tapadetypa evog
YAANVIKOU OKEVAONXTOC BEVIOKATVNG

Kwotavtivog Agpétloc!,*, NutkéAaog Nadipnc!
Touéag Papuaxevtixyc Teyvoloyiag, Tunua @apuakxevtikrs, LyoAn Emiotnuwv Yyeiag, EOviko kaw Kamodt-
otpLako [avemiotiuio AOnvav, Mavemiotnuiovmodn Zwypapov, ABnva 15771, EXAada

INEPIAHYH

Ta ToTKA AV TIKA EVAL QOPHAKOUOPLA TIOU XPNOLLOTIOLOVVTAL EVPEWG OE LATPLKES
£QapPUOYES, ouumepAapfavopuévng ™G Oepameiag eM®OVVWYV KATAGTACEWY, TG
TPOANYMG ToL TTOVOL KATA Tn SIAPKEL Piag ETEUROONG KAL TNG AVAKOVPLOTG TOU TIOVOU
peta amo emepPoon. H Beviokaivn (4-apvofevioikog atbuleotépag) eival va adlaAuTo
0TO VEPO TOTIKO oVaLoBNTIKO TIOV XPNOLUOTIOLEITAL YLK TNV TPOCWPLV] 0VAKOVPLOT)
TOU TIOVOVL TIOU TIPOKOAELTAL QMO UIKPO £PEBLONO, TTOVO 1) TPAVUATIOUO TOU GTOUATOG
Kot Tov Aawov. Eivat to SpacTikd cuoTatikG G OPIGUEVA UT) GUVTOYOYPAPOVUEVX
@appaxa (MHZYDA), cupmepAapiBavouévmy aAoup®y, EKVEQWUETWY, TNKTWHATWY
Kat Stodvpdtwv. Qoto00, N XaunAr Stadvtdmta ™G Beviokaivng ato vepd KabloTd
advvatn v avamtudn SLAVPAToG Kat 00nyel o€ U oTaBEPEG PAPLAKOTEXVOAOYUKES
KOl YOANVIKEG pHop@EG. To TPOTEWVOUEVO TPWTOKOAAO Yl TNV TOPACKEUT Kol
aloAGYn 0T TOTIK®WY avaLaBNTIK®Y Kot [ VSATOSIHAVTWY PAPUAKWY, QPOPA 0TV
EVOWUATWON NG BEVIOKAiVIG OE EVaLWPNUA AU@IPIAwY ATISwV, TIOL ATIOTEAEITAL ATIO
AekBivn kot ToAVGOpPLKS, WG EKSoYa T OTIOlo EXOVV TNV LKAVOTNTA QUTO-0PYAVWOTNG
KAl OXNHATIOHOV ECWTEPLIKNG ATOPIANG MOPQOAOYIAG Yot TNV QTOTEAEGHATIKY
evowpatwon kat Sldvtomoinon ¢ Peviokaivng, TwV TOTKWY avalodnTiKmy
KOL YEVIKOTEPA TWV AMOPAWV @appakwv. [lpoteivoupe v avabewpnon m™g
OLVTOYOYPAENOTG HE BAOT TOUG VOLOUGS KOL TG APXES TNG PAPUAKEVTIKIG TEYVOAOYLNG
KO TNG (PUOLKNG (PAPUAKEVTIKTG, KALTIPOWHOVLE TNV cuvTayoypa@non s Beviokaivng
w¢ cvoTpa Staomopds (dispersed system, DisSys), kat Oxt wg StdAvpa (solution, Sol).
Ta amoteAéopata TG Epeuvag pag 8el€av TV SuvatoTNTA TAPAYWYNG KAl AVATITUENG

* CORRESPONDING ovoTpatog SlaoTopag Beviokaivng pe oTaBepOTNTA 0TOV XPOVO XWPIG TNV Snovpyla
AUTHORS: OUOOWUATWUATWY KL SLAYWPLOUO PACEWY, [1] ATOSEKTWV WG HOPPOTIOW|CEWY HE
*Kwotavtivog Agpétlog, Baom Tig apyég s Pappakevtikng Teyvodoyiag kat TG Puoikig PapUAKEVTIKTG.

demetzos@pharm.uoa.gr
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ABSTRACT

There are a few small organic molecules against SARS-CoV-2 that has been
discovered since the epidemic commenced in November 2019. The con-
ventional medication discovery approach demands more than a decade of
the year of laborious research and development and substantial financial
commitment, which is not achievable in the face of the current epidemic.
This study aims to discover and recognize the most effective and promising
molecules against SARS-CoV-2 RNA-dependent RNA polymerase (RdRp)
and spike protein targets through molecular docking screening of 120
phytochemicals from six different Ayurveda medicinal plants. The binding
affinities were studied using a structure-based drug design of molecular
docking, divulging 10 molecules possessing greater affinity towards the
target than the reference drug molnupiravir. Molecular docking analysis
identified 10 phytochemicals, castalagin, wedelolactone, arjungenin, bet-
ulin, galbacin, shinpterocarpin, liquiritin, cordioside, licopyranocoumarin,
and daucosterol from different kinds of ayurvedic medicinal plants phyto-
chemicals possessing greater affinity against SARS-CoV-2-RdRp and spike
protein targets. Two molecules, namely castalagin and wedelolactone,
with low binding energies, were the most promising. Furthermore, we
carried out MD simulations for the castalagin-protein complexes based on
the docking score. Molecular ADMET profile estimation showed that the
docked phytochemicals were safe. The present study suggested that active
phytochemicals from medicinal plants could inhibit RARp and spike the
protein of SARS-CoV-2.
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1. Introduction

The COVID-19 triggered by the severe acute respira-
tory syndrome coronavirus 2 (SARS-CoV-2) virus
has caused tough challenges worldwide; because
of the immediate human-to-human spreadable na-
ture of SARS-CoV-2, the disease adversely affected
636.44 million people, with 6.61 million fatalities
in 223 countries and territories around the world
(report as of 25" November 2022; https://cov-
id19.who.int/). The disease rigorously struck the
economic/ monetary progression worldwide and
shoved millions of people toward redundancy. The
SARS-CoV-2 was initially identified at the end of
December 2019 in Wuhan City, characterized by an
atypical pneumonia outbreak. The World Health Or-
ganization (WHO) declared COVID-19 a global pub-
lic health emergency of international concern, and in
March 2020, it was declared a pandemic. Under this
emergency, scientists worldwide have been work-
ing to develop novel vaccines and drug molecules to
prevent and treat COVID-19 disease!. Few vaccines
have been launched in mid-2020 to battle COVID-19.
Regrettably, no therapeutic medication has yet been
approved by the FDA to treat this disease in recent
months.

The structural proteins of the SARS-CoV-2 genome
comprise four proteins Spike (S), envelope (E),
membrane (M), and nucleocapsid (N). It also con-
tains a nonstructural protein segment of 3-chymo-
trypsin-like protease (3CL™), Main protease (M?™),
papain-like protease (PLpro), helicase, and RNA-de-
pendent RNA polymerase (RdRp). Protein sequence
studies confirmed that the catalytic sites of the four
SARS-CoV-2 enzymes, which could provide antiviral
targets, are incredibly maintained and offer around
80% genomic similarity with SARS-CoV. This feature
provides to comprehend and hinder the SARS-CoV-2
replication cycle. 3CLP™ and PLP™ play a vital role
in the viral replication process via the formation of
16 nonstructural proteins. (Anand, K, et al.,, 2003).
Impeding the above replication cycle of SARS-CoV-2
would become a potential molecular target for de-
veloping therapeutics against coronavirus.

Massive vaccination clinics better managed the

Veerachamy A. et al, Pharmakeftiki, 35,1, 2023 | 26-47

SARS-CoV-2 variant of delta and Omicron for people,
including adults and kids, who seem to be suscep-
tible to infection. However, mass vaccination weak-
ened the cruelty of the pandemic in the last year?,
and the desire for effective and easily accessible
treatments for the same is still looming. The com-
prehensive and urgent obliteration and creation of
a covid-19 free world by a worldwide vaccination
effort may take only a few years in economically
weakened countries. Concurrently, the efficiency
and proficiency of routine vaccination are intensely
influenced by novel variants of SARS-CoV-2. In the
meantime, individuals suffering from various health
complications or comorbidities are not entirely pro-
tected by the nullifying capacity of spike antibodies
because of vaccination %

Repurposing drugs is another way to cure COV-
ID-19 disease. Some antiviral antibiotics and other
FDA-approved drugs are reprocessed for this treat-
ment3*. Several novel mechanisms have proven the
efficacy and potency of phytochemical constituents
obtained from various herbal medicines and nu-
traceuticals to treat multiple viral diseases. Phyto-
chemical-based antivirals with negligible toxic po-
tential are excellent alternatives for treating corona-
virus mutants °. Most of these phytochemical-based
antivirals act as antioxidants during COVID-19 to
break interleukin gale and ROS damage. In recent
days, insilico studies are the heart/quick tool of drug
discovery used to screen many naturally occurring
available molecular libraries. Recently, several re-
searchers have focused on identifying potential bi-
omolecules active against SARS-CoV-2 from natural
sources by the implication of an unusual drug de-
signing approach®®. The principal aim of this study
involves screening more than a hundred natural lig-
ands like flavonoids, steroids, and saponins against
two target proteins of SARS-COV-2 and discovering
the more potent biologically active molecules by us-
ing the insilico approach (Fig. 1).

Many medicinal plants are used for the therapeu-
tic potentiality to treat various diseased states of
respiratory organs, notable ones but not limited to
are Acacia nilotica (gum arabic tree), 1° Acorus tata-
rinowii, Glycyrrhiza glabra (Liquorice)''?, Quercus
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Figure 1. Using structure-based ligand design to identify potential inhibitors against SARS-CoV-2 RdRp and

spike protein targets.

coccifera (Kermes oak)'*, Terminalia chebula (My-
robalans)'>¢, and Wedelia chinensis (Pilabhamga-
ra)'”1® used in the present study (Fig. 2 and Table
1). They are all immunomodulators and reinforce
the body to counteract various infections. These
plant species contain polyphenolic compounds such
as phenolic acids, flavonoids, stilbenes, and lignans
(Fig. 2 and Table 1). Most polyphenolic compounds
gain a high antioxidant function, and their therapeu-
tic properties, such as vasodilatory, antibacterial,
antiviral, anticarcinogenic, and anti-inflammatory,
have been reported. The literature has evident that
polyphenols possess antiviral activity and act on the
DNA or RNA virus target by interacting directly with
viral particles. However, these interactions depend
on the virus. A further characteristic of the antivi-
ral activity of polyphenols is that they can inhibit
intracellular replication, which may be recognized
as antioxidant features of phenolic groups, thus in-
hibiting the oxidation of cells by the replication of
the viruses. Natural polyphenols have broad acces-
sibility, low-cost manufacture, and, above all, their
few side effects. They are becoming an important
target in developing some drugs to combat viruses.
Therefore, developing more targeted inhibitors from
natural sources could be an efficient therapeutic
strategy to combat COVID-19. In this study, we have
screened 120 natural polyphenolic compounds from
the above six medicinal plants against two different
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proteins, i.e., RARNA polymerase (RdRp) and spike
glycoprotein of SARS-CoV-2, with the aim to identify
potent bioactive compounds using molecular dock-
ing, molecular dynamics and ADMET. In addition,
these plant constituents were not studied for RARNA
polymerase (RdRp) and spike glycoprotein of SARS-
CoV-2.

2. Materials and Methods
2.1. Protein preparations

The 3D crystal structure of COVID-19 SARS-CoV-2
RdRp (7BV2)* and spike protein (PDB: 6LZG)* with
high crystal resolution was retrieved from Research
Collaboratory for Structural Bioinformatics (RCSB)
Protein Data Bank website (https://www.rcsb.
org/), and its original ligand and water were elim-
inated. The protein contains 306 amino acids. The
protein was prepared using the protein preparation
wizard Schrodinger 2020-3. The crystallographic in-
hibitor, ions (K* and Mg*), and the unwanted water
molecules were deleted and assigned bond orders,
polar hydrogens were added, created disulphide
bonds, and converted selenomethionine to methio-
nine using Protein preparation wizard Schroding-
er 2021-3. Checked and repaired missing atoms
in the protein crystal structure, edited histidine
hydrogens, assigned Raadii, added Kolman charge
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(-500.974), Gasteiger charges (-21.9958) were add-
ed, and set Kollman charge field. The prepared pro-
teins were validated through a Ramachandran plot
(Fig. S1). AutoDock vina was used to create the bio-
active conformations?’. For AutoDock vina study for
RdRp (7BV2), an extended PDB format, termed PD-
BQT, is used for X, Y, and Z coordinates file grid boxes
(center_x = 91.5167, center_y = 92.3818, center_z =
103.7340), which includes atomic partial, charges
and atom types. For spike protein (6LZG) X, Y, and
Z coordinates, file grid boxes (center_x = -31.7673,
center_y= 18.1854, center_z = -2.8980) were ap-
plied. Torsion angles were calculated to assign the
flexible and nonbonded rotation of molecules. All
the chemicals in our data collection were docked
in the protein’s active site under investigation, and
the findings were evaluated using Discovery Studio
2021.

2.2 Ligands selection

To find potential inhibitors of SARS-CoV-2, RdRp,
and spike protein targets, we examined 120 active
phytochemical from six different plant species (Ta-
ble 1) such as Acacia nilotica (Gum arabic tree) (Ta-
ble 1), Acorus tatarinowii (Calamus or Sweet flag)
(Table 1), Glycyrrhiza glabra (Liquorice) (Table 1),
Quercus coccifera (Kermes oak), Terminalia chebula
(Myrobalans) (Table 1) and Wedelia Chinensis (Pi-
labhamgara) (Table 1) were found in the literature.
The active phytochemicals (Table 1) were obtained
in SDF (Structure Data File) 3D format from the Pu-
bChem database (https://pubchem.ncbi.nlm.nih.
gov/). SDF files were converted to PDB files with the
aid of Marvin Sketch. Using AutoDock Partial charges
(Kollmann and Giester) were added. Chosen torsion
tree and set the torsion to 6, finally saved as PDBQT
3D format. Recent literature shows that molnupira-
vir is highly effective at reducing nasopharyngeal
SARS-CoV-2 infectious virus and has a proven ben-
eficial safety and tolerability profile. Furthermore, it
lessened the risk of hospitalization or death in at-
risk, unvaccinated adults with COVID-19. Based on
this evidence, we have used it as a reference drug.
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2. 3. Molecular docking

The molecular docking investigation was carried
out by a genetic algorithm using the AutoDock
Vina programme 2?2, We used Perl script to do vir-
tual screening in AutoDock Vina (Command-perl
vina_windows.pl). Selected (Total 120) active phy-
tochemicals of Acacia nilotica, Acorus tatarinowii,
Glycyrrhiza glabra, Quercus coccifera, Terminalia
chebula (Myrobalans), and Wedelia Chinensis (Pilab-
hamgara) (Tables 1 and 2) were docked with SARS-
CoV-2 spike protein (PDB: 6LZG) and RdRp (PDB:
7BV2) targets Afterward, with the help of PYMOL
software??, the ligand docked-out files were convert-
ed into PDB files for 2D-3D interactive visualization
studies using DS 4.0. The docked complexes’ short-
ening was done based on binding energy (kcal/mol)
and dissociation constant (pM) as per AD Vina scor-
ing, where negative energy means stronger binding.

2.4. Molecular dynamics

Under physiological settings, simulation of Molec-
ular Dynamics (MD) helps visualize Protein-Ligand
Complexes’ action (PLC) at the target’s binding site
area. MD was carried out utilizing the system’s build-
er panel and the Desmond module of Schrédinger
built by the D.E Shaw research group (Academic
license, Version 2020-1). The orthorhombic simu-
lation box was built using the explicit water model
Simple Point-Charge (SPC) with a minimum distance
of 10 between the protein and solvent surfaces. The
orthorhombic TIP3P water model was used to solve
complexes docked with receptors. Counterions were
used to neutralize the solvated system, and the phys-
iological system’s salt concentration was limited to
0.15 M. The OPLS AA force field was used to denote
the receptor-ligand complex system.

Two seconds of relaxation time was used for the
Reversible reference system Propagator Algorithm
(RESPA) integrator, Nose-Hoover chain thermostat,
and Martyna-Tobias-Klein barostat. The final pro-
duction of MD simulations was performed using
the equilibrated system. This MD simulation was
set to run for 100 ns at 310 K temperature and 1.0
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Table 2. The top ten phytochemicals showing binding affinity to SARS-CoV-2 RdRp and spike protein
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targets
S.No Compound Binding affinity (kcal/mol)
RdRp (7BV2) SPIKE (6LZG)

1. Castalagin -14.5 -14.1

2. Arjungenin -10.1 -8.6

3. Daucosterol -9.9 -8.5

4, Cordioside -9.7 -7.3

5. Liquiritin -9.5 -8.7

6. Wedelolactone -9.1 -8.8

7. Betulin -9.0 -7.7

8. Galbacin -8.9 -9.3

9. Licopyranocoumarin | -8.8 -7.3

10. Shinpterocarpin -8.6 -10.2
Standard | Molnupiravir -8.0 -7.5

bar pressure, with the NPT (Isothermal-Isobaric en-
semble, constant temperature, constant pressure,
constant number of particles) ensemble at default
settings ensemble for relaxation before simulation.
The MD simulation was run using the MD simulation
tool with a simulation duration of 100 nanoseconds.
The.out file was also used to produce a movie and
see the trajectories. The movie was exported at a
higher resolution (1280 x 1024) and with improved
quality when the .cms file was loaded. During the
MD simulation, 1000 frames were used to write the
trajectory. To better understand the complex’s sta-
bility during MD simulation, the protein backbone
frames were aligned to the backbone of the starting
frame. Finally, the simulated interaction diagram
and results were analyzed after importing the .file
and setting the Root Mean Square Deviation (RMSD)
and Root Mean Square Fluctuation (RMSF) in the
analysis to oblique.

2.5 Drug-likeness and ADMET prediction

The most potent docked molecules (Table 2) were

chosen for drug-likeness testing and ADMET pro-
file prediction using the web-based server Lipinski
rule of five (http://www.scfbio-iitd.res.in/software/
drugdesign/lipinski.jsp)?*?*> and SWISS ADME (Ab-
sorption, Distribution, Metabolism, Excretion, and
Toxicity; Table 5).It aids in predicting both physi-
cally important descriptors and pharmaceutically
relevant characteristics. Estimated aqueous dis-
solvability (Log S), percent human oral absorption,
octanol/water (0/W) segment coefficient, blood/
brain partition coefficient, and all-out Solvent Ac-
cessible Surface Area (SASA) were among the met-
rics assessed. The SwissADME is a web-based server,
generously accessible at http://www.swissadme.ch,
and intended for user-friendly submission and easy
analysis of the results.?

ProTox-II offers a freely accessible web server for
insilico toxicity estimates for pharmacologists, reg-
ulatory bodies, bench chemists, and all users with-
out login at http://tox.charite.de /protox_II. The web
server uses a 2D structure as input and reports the
possible toxicity profile of the chemical for several
models with confidence rankings, and an overall tox-
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Wedelolactone Arjungenin

Betulin Galbacin Shinpterocarpin
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Licopyranocoumarin Daucosterol Molnupiravir

Figure 2. The phytoconstituents were used for molecular docking with SARS-CoV-2 targets.
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selected phytochemical and

S.No Name Distance | Type From From Chemistry To To Chemistry

1 Castalagin 243 H-bond Arg-553:HH11 H-Donor 034 H-Acceptor
1.64 H-bond Arg-555:HE H-Donor 049 H-Acceptor
2.90 H-bond Arg-555:HH21 Negative 0 Pi-Orbitals
2.01 H-bond Ser-814:HG H-Donor 030 H-Acceptor
2.78 H-bond 019 H-Donor His-439:NE2 H-Acceptor
3.26 H-bond 065 H-Donor Glu-811:0E2 H-Acceptor
292 H-bond 063 H-Donor Asp-618:0D2 H-Acceptor
3.019 Carbon Hydrogen Bond His-439:HE1 H-Donor 019 H-Acceptor
2.65 Carbon Hydrogen Bond Ser-549:HB1 H-Donor 055 H-Acceptor
2.61 Carbon Hydrogen Bond Ser-814:HA H-Donor 031 H-Acceptor
3.43 Pi-Anion Asp-618:0D2 Negative 0 Pi-Orbitals
4.76 Pi-Anion Glu-811:0E2 Negative 0 Pi-Orbitals
2.90 Pi-Sigma Arg-555:HD1 C-H 0 Pi-Orbitals
4.78 Pi-Alkyl Pi-Orbitals Arg-555 Alkyl

2 Arjungenin 3.07 H-bond Asn-496:HD21 H-Donor 014 H-Acceptor
212 H-bond P:A14:H7 H-Donor 01 H-Acceptor
2.61 H-bond P:A15:H7 H-Donor 07 H-Acceptor
2.58 H-bond P:A15:H7 H-Donor 09 H-Acceptor
1.80 H-bond P:G16:H7 H-Donor 09 H-Acceptor
1.90 H-bond T:A13:H7 H-Donor 021 H-Acceptor
3.65 Carbon Hydrogen Bond Pi-Orbitals H-Donor P:U13:0P2 H-Acceptor

3 Molnupiravir 2.12 H-bond Asn-496:HD22 H-Donor 07 H-Acceptor
2.06 H-bond P:A14:H61 H-Donor 06 H-Acceptor
2.57 H-bond P:A15:H62 H-Donor 06 H-Acceptor
2.67 H-bond T:A13:H7 H-Donor 05 H-Acceptor
2.48 H-bond T:A13:H61 H-Donor 05 H-Acceptor
1.84 H-bond T:A14:H62 H-Donor 05 H-Acceptor
3.02 H-bond H41 H-Donor T:A13:05' H-Acceptor
2.27 H-bond H41 H-Donor T:A14:0P2 H-Acceptor
3.05 H-bond H42 H-Donor A:Asn-496:0D1 H-Acceptor
3.14 Pi-Donor H-bond T:A14:H7 H-Donor 0 Pi-Orbitals
4.67 Pi-Alkyl P:U13 Pi-Orbitals C22 Alkyl
4.22 Pi-Alkyl P:U13 Pi-Orbitals C23 Alkyl
4.67 Pi-Alkyl P:A14 Pi-Orbitals C23 Alkyl
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icity chart with the three most similar compounds
with known acute toxicity.?” A Random Forest (RF)
algorithm model is employed to create the classifi-
cation for hepatotoxicity, cytotoxicity, mutagenicity,
and carcinogenicity. Toxic doses are most commonly
expressed as LD, values (mg/kg body weight). The
LD, is the median lethal dose, meaning that 50% of
test subjects die upon exposure to a compound. The
globally harmonized system (GHS) classified various
chemicals based on toxicity types such as Class I: fa-
tal if swallowed (LD, < 5), Class II: fatal if swallowed
(5 <LD,,<50), Class III: toxic if swallowed (50 < LD,
< 300), Class IV: harmful if swallowed (300 < LD, <
2000), Class V: may be harmful if swallowed (2000 <
LD, , < 5000), and Class VI: non-toxic (LD, > 5000).

3. Results and Discussion

Natural polyphenolic compounds with medicinal
properties show lesser undesirable effects than
synthetic organic compounds. The phytochemicals
(Table 1) for treating COVID-19 provide trustworthi-
ness and are reported from evidence-based medici-
nal plants for managing the ailment of respiratory
disorders. Insilico methodologies such as molecular
docking and molecular dynamics simulation stud-
ies provide a vital starting point in binding energy
and stability of ligands to proteins for advanced
research in this field. Two SARS-CoV-2 targeting
proteins, comprising spike glycoprotein, and RdRp,
were docked with 120 phytochemicals from six dif-
ferent medicinal plants to find potential inhibitors
for these targets. In the present study, we have con-
sidered some fundamental interactions, i.e., the hy-
drogen bonds (H-bonds) are dealt with on the first
level, the interactions between pi-sigma, pi-alkyl,
pi-sulfur, and pi-cation interactions are dealt with
on the second level. As a result, the first level of con-
tact was observed as the most difficult for ligand
displacement in the enzyme’s binding site, and the
existence of H-bond interaction in the chosen com-
plex explains the effective interaction between these
molecules and their targets (Tables 2, 3, and 4).
According to binding energy values from Auto-
Dock Vina, we demonstrated that different phyto-
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chemicals found in Acacia nilotica, Acorus tatarinow-
ii, Glycyrrhiza glabra, Quercus coccifera, Terminalia
chebula (Myrobalans), and Wedelia chinensis (Pilab-
hamgara) (Tables 1-4, Fig. 3 and 4) exhibited signifi-
cant binding affinity with SARS-CoV-2 targets. Table
2 represents the list of phytochemicals displaying
considerable binding energy (> - 7.5 kcal/mol) with
SARS-CoV-2 targets. Based on the interaction energy
criterion, all studied molecules were compared with
the reference antiviral drug molnupiravir.

The third level deals with hydrophobic contacts
and nonspecific van der Waals interactions between
aliphatic and aromatic carbon atoms. The bulk of the
ligand is covered by these interactions, which are
typically spherical with a radius of four. As a result,
the initial level of contact was thought to be the most
important for ligand displacement in the enzyme’s
binding site. The presence of hydrogen bond inter-
actions in the ligand-protein complex explains why
the three chemicals and the tested protein have such
a strong link (Tables 2- 4).

3.1 Docking Interaction with RdRp (7BV2)

From the RdRp (7BV2) molecular docking study, it
has been found that out of 28 compounds from Aca-
cia nilotica, one compound, namely, betulin (CID
72326) is a triterpene compound, showed the high-
est binding affinity as compared to molnupiravir
(CID 145996610) for SARS-CoV-2 RdRp (Fig. 3, Ta-
ble 2, Tables S1 and S2). Betulin showed the highest
binding energy of -9.0 kcal/mol. Preliminary in vitro
studies have demonstrated that betulin inhibited
sterol regulatory element-binding proteins (SRE-
BPs). Inhibition of SREBP by betulin decreased the
biosynthesis of cholesterol and fatty acids. In vivo,
betulin ameliorated diet-induced obesity, decreased
lipid contents in serum and tissues, and increased
insulin sensitivity®®. Among 13 active phytochem-
icals from Acorus tatarinowii, only one compound,
namely, Galbacin (CID 11175182), showed higher
binding interaction (-8.9 kcal/mol) to reference
drug molnupiravir for SARS-CoV-2 RdRp (-8.0 kcal/
mol) (Fig. 3, Table 2, Tables S1 and S2). Galbacin
showed a binding energy of -8.9 kcal/mol. Galbacin
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is a lignan compound that showed DNA topoisomer-
ase I and II inhibition and no cytotoxicities against
normal human colon carcinoma cell line (HT-29) and
human breast carcinoma cell line (MCF-7).

Out of 18 active phytochemicals from Glycyrrhiza
glabra (Liquorice), three compounds, namely, lig-
uiritin (CID 503737), licopyranocoumarin (CID
122851), and shinpterocarpin (CID 10336244),
showed considerable binding affinity as compared
with reference drug molnupiravir for SARS-CoV-2
RdRp (Fig. 3, Tables S1 and S2). Shinpterocarpin was
found to have the highest binding energy of - 8.6
kcal/mol. Licopyranocoumarin and shinpterocarpin
had similar binding energies - 8.8 and - 8.6 kcal/
mol, respectively. Among the 18 phytoconstituents
from this plant, liquiritin showed the highest binding
interaction with - 9.5 kcal/mol energy (Fig. 3, Tables
S1 and S2).

Among 13 active phytochemicals from Quercus
coccifera (Kermes oak), only one compound, namely,
castalagin (CID 12302513), showed higher binding
affinity compared to the reference ligand molnupira-
vir for SARS-CoV-2 RdRp based on AutoDock Vina
prediction. Castalagin has a binding energy of -14.5
kcal/mol. Different 2D-3D interactions formed by
castalagin include conventional and carbon-hydro-
gen bonding with the residues His-439, Ser-549,
Arg-553, Arg-555, Asp-618, Glu-811 and Ser-814
(Figs. 3 and S3, Tables 2 and S1-S3). In comparison,
molnupiravir has a -8.0 kcal/mol binding energy.
Different 2D-3D interactions formed by molnupira-
vir include conventional hydrogen bonding with
the residues and nucleotides, Ade-P:14, Ade-P:15,
Ade-T:14, Ade-T:15 and Asn-496 and pi-alkyl inter-
action with Urd-P:13. It also creates pi-donor hydro-
gen bond formation with the residues mentioned
above (Fig. 3, Table 3, Tables S1 and S2, Fig. S2).

It has been found that out of 37 compounds from
Terminalia chebula (Myrobalans), three compounds,
namely, arjungenin (CID 12444386), cordioside (CID
101915817), and daucosterol (CID 742590), showed
better binding affinity as compared to molnupiravir
for SARS-CoV-2 RdRp based on AutoDock Vina. Ar-
jungenin showed significant binding energy of -10.1
kcal/mol. Arjungenin is a new triterpene glucoside
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that shows o?-glucuronidase inhibitory activity,
antiviral, and anti-inflammatory activities. It cre-
ates ligand-protein (2D-3D) interactions, including
conventional and carbon-hydrogen bonding with
residues Urd-P:13, Ade-P:14, Ade-P:15, Ade-T:14,
Ade-T:15 and Asn-496. (Fig. 3, Fig. S4 and Tables S1
and S2). Daucosterol was found to be another in-
hibitor with binding energy -9.9 kcal/mol. The least
binding inhibitor from this plant species is cordio-
side which showed binding energy of -9.7 kcal/mol.
Out of 13 active phytochemicals from Wedelia chin-
ensis (Pilabhamgara), only one compound, wedelo-
lactone (CID 5281813), showed improved binding
affinity compared to the reference drug used in this
study. Wedelolactone showed binding energy of -9.1
kcal/mol found in this study (Fig. 3, Tables S1 and
S2).

3.2 Docking Interaction with spike protein
(6LZG)

Based on binding interaction energy values from
AutoDock studies we showed that different phyto-
chemicals found in Acacia nilotica, Acorus tatarinow-
ii, Glycyrrhiza glabra, Quercus coccifera, Terminalia
chebula (Myrobalans), and Wedelia chinensis (Pilab-
hamgara) (Fig. 4, Tables S3 and S4) exhibited better
binding affinity with SARS-CoV-2 structural protein
of spike (6LZG). Table 2 shows the top 10 phyto-
chemicals displaying considerable binding energy
(> - 7.3 kcal/mol) with SARS-CoV-2 spike protein. By
comparing all studied molecules with the reference
drug, molnupiravir energy (> - 7.5 kcal/mol) is based
on the interaction values. The binding interaction
values indicate that both targets have a similar trend
for SARS-CoV-2, RdRp protein (7BV2), and spike pro-
tein (6LZG).

The docking interaction with spike protein deter-
mines 10 phytochemicals, castalagin (-14.1 kcal/
mol), shinpterocarpin (-10.2 kcal/mol), galbacin
(-9.3 kcal/mol), wedelolactone (-8.8 kcal/mol), lig-
uiritin (-8.7 kcal/mol), arjungenin (-8.6 kcal/mol),
daucosterol (-8.5 kcal/mol), botulin (-7.7 kcal/mol),
cordioside (-7.3 kcal/mol), licopyranocou-
marin (-7.3 kcal/mol), molnupiravir (-7.5 kcal/
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Figure 3. The 2D interaction view of phytochemicals and molnupiravir with SARS-CoV-2 RdRp protein (7BV2)
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Figure 3. The 2D interaction view of phytochemicals and molnupiravir with SARS-CoV-2 RdRp protein (7BV2)

mol) from different kinds of ayurvedic medicinal
plants phytochemicals possessing greater affinity
against SARS-CoV-2 spike protein targets (Fig. 4,
Table S3 and S4). Two molecules, namely, casta-
lagin (-14.1 kcal/mol) and shinpterocarpin (-10.2
kcal/mol) with low binding energies, were the most
promising. The 2D-3D interactions formed by cast-
alagin include conventional hydrogen bond and
pi-donor hydrogen bonding with the residues Asp-
206, Asp-350, Asn-394, His-401, and Lys-562 (Fig.
4, Fig. S6, Table 4, Table S3 and S4). In comparison,
molnupiravir has a -8.0 kcal/mol binding energy.
Different 2D-3D interactions formed by molnupira-
vir include conventional hydrogen bonding with the
residues Glu-166, Arg-188, Thr-190, alkyl and pi-
alkyl interactions with Met-49 and Met-165. It also
forms pi-sigma bond formation with His-41 (Fig. 7,
Fig. S5, and Table 4). Shinpterocarpin showed the
second-highest binding interaction -10.2 kcal/mol
with spike protein. It generates ligand-protein (2D-

3D) interactions, including conventional hydrogen
bonding with residue Ala-396, alkyl interaction with
Ala-99, and pi-cation interaction with Lys-562 (Fig.
4, Fig. S7, Table 4, and Tables S3 and S4).

Figure 5 depicts the RMSD and secondary struc-
ture timeline analysis of the 7BV2-Castalagin com-
plex. Based on the trajectory analysis, the protein
was stable after 50 ns during simulations for 100 ns.
Protein RMSF indicates that residues near 100 and
490 are fluctuating more, but these are not at the
active site, so they do not affect our protein-ligand
complex interactions. Similarly, secondary structure
analysis (frame by frame) revealed that the proteins’
regions had the same secondary structure. Several
flexible areas show secondary structural chang-
es at the same time, contributing to the protein’s
overall RMSD. Interestingly, the RMSD of castalagin
in all of these circumstances resembles that of the
7BV2-Castalagin complex (i.e., a periodic fluctua-
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tion in the RMSD value derived from conformational
switching owing to rotation around the amide N-C
bond (Fig. 5). According to the trajectory analysis,
the 7BV2-Castalagin complex appears to be stable
throughout the simulation (Fig. 5).

According to the secondary structure timeline
study, the protein’s secondary structure remained
unchanged, with minimal fluctuations through-
out the simulation (Fig. S9). To learn more about
the crucial binding site residues that interact with
ligands, we looked at their RMSD fluctuations. Arg-
553, Arg-555, Asp-760, Asp-761, and Ser-814 are
the five primary residues engaging with the ligand
in the 7BV2-Castalagin complex, according to our
docking analysis (Fig. 7, Fig. $10). Glu-398, Asp-206,
Phe-390, Asp-382, Asp-350, Asn-394, Arg-393, and
three water molecules are involved in H bonding
with ligand oxygen atoms at 19, 40, and 51 (Fig. 7,
Fig. S11) in the 6LZG-Castalagin complex, according
to our docking analysis.

RESEARCH ARTICLE

Figure 6. Protein RMSF A. 7BV2 and B. 6LZG (On
this plot, peaks indicate areas of the protein that fluc-
tuate the most during the simulation. Typically, it is
observed that the tails (N- and C-terminal) fluctuate
more than any other part of the protein. Second-
ary structure elements like alpha helices and beta
strands are usually more rigid than the unstructured
part of the protein, and thus fluctuate less than the
loop regions.

The RMSD remained consistent at roughly 3.54,
showing a more significant intermolecular contact
between these residues and ligands. However, with
such a small distance between active site residues
and ligands, steric conflicts between the atoms pres-
ent are likely to occur, resulting in significant penal-
ties. Moreover, constant RMSD between key residues
and ligands, with a magnitude of around 1 A, exempli-
fies the rigidity of the 7BV2 binding site. It is probably
because of this rigidness that ligand molecules cannot
undergo conformational interconversion.
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Figure 4. The 2D interaction view of phytochemicals and molnupiravir with SARS-CoV-2 Spike protein (6LZG)
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Figure 4(continued)
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Figure 5. RMSD (A) of the simulated protein A. 7BV2 and B. 6LZG in association with the
inhibitor Castalagin after a 100 ns MD simulation.
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Figure 6. Protein RMSF A. 7BV2 and B. 6LZG (On this plot, peaks indicate areas of the protein
that fluctuate the most during the simulation. Typically, it is observed that the tails (N- and
C-terminal) fluctuate more than any other part of the protein. Secondary structure
elements like alpha helices and beta strands are usually more rigid than the unstructured
part of the protein, and thus fluctuate less than the loop regions.

The above plot (Fig. 6) shows the RMSD evolution
of a protein 6LZG (left Y-axis). All protein frames are
first aligned on the reference frame backbone, and
then the RMSD is calculated based on the atom se-
lection. Monitoring the RMSD of the protein can give
insights into its structural conformation throughout
the simulation. RMSD analysis can show if the simu-
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lation has equilibrated its fluctuations towards the
end of the simulation around some thermal average
structure. The order of changes from 1 to 3 A is per-
fectly acceptable for small, globular proteins. How-
ever, changes much more significant than that show
that the protein is undergoing a large conformation-
al change during the simulation. It is also essential
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Figure 7. MD Simulation analysis of Castalagin with 7BV2 (a) and 6LZG (b): The 2D interaction representation of the protein-
castalagin complex after 100 ns simulation. A schematic of detailed ligand atom interactions with the protein residues.
Interactions that occur more than 30.0% of the simulation time in the selected trajectory (0.00 through 100.00 ns) are shown.

that the simulation converges the RMSD values
to stabilize around a fixed value. RMSF plot shows
peaks show areas of the protein that fluctuate the
most during the simulation. Typically, you observe
that the tails (N- and C-terminal) fluctuate more
than any other protein part. Secondary structure el-
ements (SSE) like alpha helices and beta strands are
usually more rigid than the unstructured part of the
protein and thus fluctuate more minor than the loop
regions and are monitored throughout the simula-
tion.

Physicochemical properties and pharmacokinetic
(ADMET) parameters provide drug-like properties
of selected molecules. Pharmacokinetics studies of
selected compounds using computational analysis

results are depicted in Table 5. The designed com-
pounds have an appropriate logP (octanol/water)
value for biological efficacy with zero to three Li-
pinski violations. They also had satisfying pharma-
cological properties of 95% available drugs with
high to medium predicted oral absorption availa-
bility without any toxic functionality. The molecular
weight of each ligand was within the range log S val-
ues within the acceptable range of 95% of existing
drugs. The lipophilicity data suggested compounds
were lipophilic (CLog P values -1.28 to 6.56 (Table
5). The predicted values of selected compounds are
compared with standard molnupiravir. All the mole-
cule’s ADME properties are within the normal range.

Castalagin is predicted with a toxicity class IV for
acute oral toxicity with an LD, value of 1400 mg/
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Table 5. ADMET properties of potential inhibitors from Ayurvedic medicinal plants, predicted using the web-based

server SwissADME and LipinskKi rule of five.

Compound QPlogPw QPlogPo/w QPlogS | QPlogBB QPlogKp HOA SASA RoF
Cordioside 1.24 4.791 -6.383 No -3.148 Low 81.546 0
Castalagin -3.36 -1.27 0.02 No -7.77 Low 455.18 3
Betulin -1.13 -0.08 -2.22 No -9.68 Low 181.44 2
Arjunjenin -4.23 5.43 -6.27 No -5.54 High 118.22 1
Liquirtin -0.75 -0.83 -1.72 No -9.52 Low 14591 1
Lycopyranocoumarin 1.02 0.69 -2.25 No -8.24 High 105.45 0
Galbacin 3.11 3.19 -3.90 Yes -6.19 High 46.15 0
Wedelactone -0.79 -0.76 -1.33 No -8.84 High 105.45 0
Daucosterol 5.93 6.56 -8.23 No -3.75 Low 99.38 1
Shinpterocarpine 291 2.45 -3.47 Yes -6.61 High 47.92 0
Molnupiravir -1.62 -1.28 -0.75 No -9.22 Low 150.04 0

QPlogPw - Predicted water/gas Partition co-efficient; QPlogPo/w - Predicted octanol/water Partition co-efficient corresponding to CLogP; QPlogS -
Predicted Aqueous Solubility; QPlogBB - Predicted Blood/Brain Partition coefficient; QPlogKp - Predicted Skin permeability; HOA - Predicted Human
Oral Absorption; PSA - Percent human Oral Absorption; RoF - Rule of 5 Number of violations of Lipinski’s rule of five.

Table 6. Predicted toxic properties of potential inhibitors from Ayurvedic medicinal plants, using ProTox-II platform.

Compound Predicted LDso | Hepatotoxicity Carcinogenicity Immunotoxicity Mutagenicity Cytotoxicity
(mg/Kg)
Cordioside 274 (Class III) 0.95 0.79 0.96 (Active) 0.79 0.86
Castalagin 1400 (Class IV) 0.84 0.59 0.74 (Active) 0.65 0.79
Betulin 2000 (Class IV) 0.88 0.65 0.50 0.79 0.99 (Active)
Arjunjenin 1600 (Class IV) 0.92 0.63 0.60 0.84 0.76
Liquirtin 2300 (Class V) 0.82 0.85 0.77 (Active) 0.76 0.88
Lycopyranocoumarin 500 (Class IV) 0.80 0.79 0.98 (Active) 0.64 0.70
Galbacin 1500 (Class 1V) 0.77 0.53 (active) 0.79 (Active) 0.64 0.82
Wedelactone 3800 (Class V) 0.78 0.66 (active) 0.90 0.50 (Active) 0.67
Daucosterol 8000 (Class VI) 0.94 0.71 0.99 (active) 0.83 0.55
Shinpterocarpine 500 (Class IV) 0.82 0.52 (active) 0.99 (active) 0.51 091
Molnupiravir 826 (Class IV) 0.56 (active) 0.50 0.96 0.50 0.80

Kg with a prediction accuracy of 78% (Table 6).
The organ toxicity (hepatotoxicity) of castalagin
was predicted with a confidence score of 0.84 and
the toxicological endpoint (immunotoxicity) with a
confidence score of 0.74 (active). Based on ProTox-1I
platform toxicity prediction studies, except for bet-
ulin, arjunjenin, wedelactone, and molnupiravir, all
are maybe active for immunotoxicity, resulting in
significant toxic consequences (Table 6). In the pres-
ent study, we have docked 120 phytoconstituents
from six medicinal plants and found 10 phytochem-
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icals that showed a better binding affinity towards
the SARS-CoV-2 RdRp and Spike protein. The dock-
ing result is based on binding energy and ligand
docking pose. The obtained results suggested each
compound has a difference in energy value between
ligand and SARS-CoV-2 RdRp and Spike protein by
comparing all studied molecules with molnupiravir
based on the interaction energy value. Among that,
castalagin at interaction energy value (-14.5 and
14.1 kcal/mol) on SARS-CoV-2 RdRp and Spike pro-
tein, respectively.
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QPlogPw - Predicted water/gas Partition co-effi-
cient; QPlogPo/w - Predicted octanol/water Partition
co-efficient corresponding to CLogP; QPlogS -Predict-
ed Aqueous Solubility; QPlogBB - Predicted Blood/
Brain Partition coefficient; QPlogKp - Predicted Skin
permeability; HOA - Predicted Human Oral Absorp-
tion; PSA - Percent human Oral Absorption; RoF - Rule
of 5 Number of violations of Lipinski’s rule of five.

4. Conclusions

COVID-19 is a contagious disease triggered by
SARS-CoV-2 virus and has turned into a glob-
al pandemic in the flicker of an eye. SARS-CoV-2
RdRp and Spike protein are shown to be highly
potent and vital targets for the inhibition of COV-
ID-19 contamination. In the present study, we have
docked 120 phytoconstituents from six different
medicinal plants; 10 phytochemicals such as casta-
lagin, wedelolactone, arjungenin, betulin, galbacin,
shinpterocarpin, liquiritin, cordioside, licopyrano-
coumarin, and daucosterol show the improved
binding affinity towards targets. Castalagin showed
higher binding energy (-14.5 and 14.1 kcal/ mol)
on SARS-CoV-2 RdRp and Spike protein, respec-
tively, by forming six conventional hydrogen bonds
(bond distance 2 to 3.5 A). These phytochemicals
might be repurposed against COVID-19. The elite

Veerachamy A. et al, Pharmakeftiki, 35,1, 2023 | 26-47

docked compounds with drug-like properties have
a harmless ADMET profile, which may help to de-
velop optimized potent COVID-19 inhibitors. From
this study, we may conclude that the above-stated
active phytochemicals may be projected to have the
potential to be repurposed as anti-COVID-19 ther-
apeutics. O
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ABSTRACT

Quality oral hygiene is the most common and effective method of den-
tal diseases prevention. Access to individual selection and purchase of
toothbrushes provides a great demand for them, which contributes to
the constant expansion of the range. This makes conducting a commodity
analysis of products for individual oral hygiene relevant. A toothbrush is
the main mean of oral care, and the main tool for cleaning teeth.

Introduction

Oral health is one of the major concerns of dental health care profession-
als'. Most of periodontal diseases (halitosis, gingivitis, periodontitis, gum
abscesses, peri-implant mucositis, etc.) are bacteria-dependent, through
biofilm formation and dental plaque accumulation? The promotion of reg-
ular oral hygiene can contribute to the maintenance of a functional denti-
tion throughout life®. Currently available approaches to control bacterial
plaque development can be categorized as either mechanical (toothbrushes,
floss, interdental brushes, chewing sugar-free gums) or chemotherapeuti-
cal (toothpaste, mouthwashes, gels)*. In Western industrialized countries, a
toothbrush is widely accepted as a simple, affordable and effective device to
remove plaque in a shorter time®®, To date, dental professionals recommend
brushing teeth twice a day for two minutes” ®. However, a wide diversity in
brushing methods does exist depending on the position and motion of the
brush. There appears to be no consensus on the ideal technique neither for
the general population nor for people of different ages or with particular
dental conditions®. No method is satisfactory when considering interdental
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Table 1 Toothbrush change frequency study

Frequency of tooth- 20-40 years 40-60 years

brush change Number Percentage Number Percentage
of persons of persons

Once in 3 months 35 70 14 28

Once in 6 months 8 16 21 42

After loss of efficiency |7 14 15 30

by the brush

cleanliness. Tooth brushing is able to clean the buc-
cal, lingual, and occlusal tooth surfaces but the prox-
imal and interdental areas often stay untouched! or
roughly cleaned!!. Furthermore, tooth brushing effi-
ciency for plaque removal relies on several parame-
ters: motivation and skills of the subject, the use of
a brush that fits the mouth allowing it to reach all
areas, as well as proper oral hygiene education with
instructions on movement, duration, and frequency
of brushing!?. As an example, the two-minute recom-
mendation for brushing time is hardly ever achieved
in behavioral studies. Most people spend between
30 and 60 s brushing their teeth!*14, while plaque re-
moval efficiency is known to be time-dependent!>-*7,

The work aimed to study the product range of oral
care products and to analyze the pricing policy in the
pharmaceutical market of Ukraine.

Objectives of the Research. Conducting frequen-
cy analysis, commodity analysis and pricing policy
for personal hygiene products, toothbrushes as well
as determining the level of public awareness of per-
sonal oral hygiene.

Materials and methods.

Frequency and descriptive analysis of literature
sources, product range and prices from online re-
tail sites of Pharmacy 9-1-1 (https://apteka911.
ua/ua/shop/zubnyie-schetki), Low Price Phar-
macy  (https://anc.ua/ru/catalog/ezhednevnaya-
gigiena-297 /zubnye-shchetki-312) and Eva Beauty
and Health Products Store (https://eva.ua/ua/024-
031-032/zubnye-schetki/).

Results And Discussion.

In January 2022, a survey was conducted on the topic
of dental hygienic awareness of the population. 164
people were surveyed, of which 107 women (65%)
and 57 men (35%). The median age was 25 years for
women and 30 years for men. Thus, 114 ( 69.5%)
people brush their teeth twice a day, 38 (23%) -
once, and 12 (7.5%) people - more than twice a day.
At the same time, such persons who do not brush at
all were not noted.

Questions in the questionnaires also concerned
personal oral hygiene and the causes of its viola-
tions, 51% of the respondents violate the obser-
vance of personal oral hygiene due to lack of aware-
ness and information, 47% - due to the intense
rhythm of life. Only 2% of respondents allow vio-
lations due to material distress. The tooth brushing
time is not regulated and depends on the chosen
brush and brushing technique. When using conven-
tional brushes in people without periodontal dis-
eases on average, it should be 3 min. At the same
time, it is necessary to perform 400 paired move-
ments*®, Selection of a toothbrush should be carried
out individually depending on the clinical condition
of the oral cavity organs and tissues. The life of a
toothbrush depends on many factors: how often a
person brushes his or her teeth, for how long, what
is the force of pressure, what is the abrasiveness
of the toothpaste. It is advisable to replace a con-
ventional brush on average once every 2-3 months,
more often for the ones made from natural bristles,
or when the first signs of bristle wear appear?®.
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Figure 1 Market share by the hardness degree

The results of the survey on the frequency of
toothbrush changes (Table 1) showed that people
who replace the subject every 6 months are almost
3 times more likely to be 40-60 years old compared
to 20-40 years old. Persons who change the brush
when it loses effectiveness, because they believe that
more frequent replacement with a new one is inex-
pedient both financially and in terms of efficiency,
are half as much among young respondents.

The largest number of respondents change their
toothbrush once in 3 months, 70% of people aged
20-40 years and 28% aged 40-60 years. 16% of re-
spondents from the first age category and 42% from
the second category change their toothbrush once in
six months. After loss of efficiency, the toothbrush is
replaced by 14% of respondents aged 20-40 years
and 30% aged 40-60 years.

A study on the storage of oral hygiene products
was also carried out by means of a questionnaire.
Questionnaires of 126 people were analyzed. After
the use, the brush is washed, and left in an upright
position in an individual cup or wall holder by 17%
of respondents. 58% of respondents indicated the
storage of brushes in a common cup. 25% of the re-
spondents constantly use a container that closes the
working part of the brush. A survey was also con-
ducted, which showed that the majority of 126 peo-
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ple (76.8%) use manual toothbrushes. And only 38
respondents (23.2%) use electric brushes to brush
their teeth.

The data of the Compendium handbook were used
in the studies®.

Thus, as seen in Fig. 1, in the market of Ukraine,
the largest number of toothbrushes are of medium
hardness, 48%, soft - 41%, hard - 6%, the least are
interdental, they only take 5%.

Also, according to the Compendium [20], frequen-
cy analysis of toothbrushes on the Ukrainian market
by country of manufacture has been carried out.

Fig. 2 shows that the largest number of toothbrush-
es on the Ukrainian market (27%) is represented by
the Irish-made products, the second most frequent
toothbrushes are of German and Swiss manufacture
(22%), the least is represented by the UK (2%).

Also, according to the Compendium?’, frequency
analysis of toothbrushes on the Ukrainian market by
manufacturers was carried out. The results are pre-
sented in Fig. 3.

The largest number of toothbrushes on the market
is represented by Oral-B (27%), with toothbrushes
manufactured by Colgate (20%) following. Aqua-
fresh - 12%, R.0.C.S - 8%, Reach - 7%, Dentissimo
- 5%, Splat and Lacalut - 4% each, Sensodine, Para-
dontax and Trisa - 2% each, the smallest number of
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Figure 2. Distribution of toothbrush by the country of origin
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Figure 3. Frequency analysis of toothbrush market

toothbrush is represented by the manufacturer As-
tera - 1%, the others account for 6%.

It is worth noting that the majority of respondents
could not clearly indicate the toothbrush of which
company or what rigidity they usually use. They say
that they only focus on price.

To investigate this, it is relevant to study the pric-
ing policy for toothbrushes in the Ukrainian market.

The range and prices of toothbrushes in the chain
of pharmacies 9-1-1%, the “low prices pharmacy”
chain® and the network of stores of beauty and
health products “Eva”?® were analyzed.

51



®APMAKEYTIKH, 35,1, 2023 | 48-54

PHARMAKEFTIK]I, 35, 1, 2023 | 48-54

89,7
106,1
98,4
99,27

77,63

57,57

R.O.C.S. REACH

EPEYNHTIKH EPTAZIA
RESEARCH ARTICLE
-

© ,;g B Soft

X~

g
“ Hard

COLGATE AQUAFRESH
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For the study, toothbrushes of varying degrees of
rigidity were selected from the following manufac-
turers: SPLAT, R.0.C.S., REACH, Colgate and Aqua-
fresh. For comparison, toothbrushes of different
price categories were used. (Fig 4.)

Among the toothbrushes manufactured by SPLAT,
the lowest average price is for medium hardness
brushes - 89.70 UAH, and the highest is for soft brush-
es. Their average price is 93.43 UAH, which is just
UAH 0.43 higher than the average price of SPLAT hard
brushes.

Among R.0.C.S. toothbrushes, the lowest average
price have medium hardness brushes - 98.40 UAH,
while the highest average price is noted for soft
brushes - 106.10 UAH. The average price for tooth-
brushes with hard bristles is 99.27 UAH.

Among the REACH toothbrushes, the lowest av-
erage price have medium-hardness brushes, 57.57
UAH, and the highest is for soft brushes, the aver-
age price of which is 77.63 UAH. The average price
for hard toothbrushes by REACH is UAH 61.81.

Among the Colgate range, hard toothbrushes are
not represented on the platforms studied.

Among the studied toothbrushes manufactured
by Colgate, the lowest average price is for medi-
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um-hardness brushes, 56.23 UAH, while the high-
est average price is for soft brushes, 70.10 UAH.

Among the Aquafresh range, hard toothbrushes
are not represented on the platforms studied.

Among the studied toothbrushes manufactured
by Aquafresh, the lowest average price is for me-
dium hardness toothbrushes, 37.57 UAH, while
the highest average price is for soft toothbrushes,
42.80 UAH. (Table 5).

The results of the analysis of toothbrush prices
with different degrees of hardness were used to
determine and compare the overall average prices
of products of different manufacturers (Fig. 4). The
total average price for SPLAT toothbrushes is UAH
92.04, R.0.C.S. - UAH 101.26, reach - UAH 104.05,
Colgate - UAH 63.17, Aquafresh - UAH 40.19.

The lowest overall average price for toothbrush-
es is noted at the manufacturer Aquafresh, it is
40.19 UAH. The highest prices have been recorded
for REACH toothbrushes, UAH 104.05.

Conclusions.

In recent years, the product range of toothbrushes
in the pharmaceutical market of Ukraine has under-

Medium
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gone significant expansion. Despite this, the level of
awareness of the population about the right choice
and care for personal oral hygiene products is not
satisfactory. Most of the respondents could not clear-
ly indicate what kind of toothbrush they usually use,
but 23.2% indicated that they use electric brushes,
and 76.8% use manual brushes. This indicates the
popularity of manual toothbrushes among consum-
ers. According to the frequency analysis of the range
of toothbrushes by the degree of hardness, the most
common are medium-hard brushes, 48%. While the
soft ones take the second place - 41%, and the hard
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ABSTRACT

Our proposition was to design an atomic based educational ‘sculpture’ in a 3D
manner, that aims to describe complex nanosystems such as viruses and vac-
cines. This might be used to easily educate students, health professional and
society, on the concept of complexity, morphology and functionality of viruses
and of vaccines of second and third generation. Presentations of the “molecular
sculpture” that represents the structure of mRNA vaccines against the SARS-
CoV-2 virus took place by Professor of Pharmaceutical Nanotechnology Costas
Demetzos at a two-day conference of the foreign language interdepartmental
postgraduate program of the National & Kapodistrian University of Athens
‘Nanomedicine, June 2022, Athens, as well as in the 3rd Pharmaceutical Con-
ference of Peloponnese, Nafplio, October; 2022 (Photos 1 and 2, respectively).
Moreover, the ‘molecular sculpture’ has been presented in a European work-
shop, organized by Greek Pharmaceutical Student Federation (GPSF), Novem-
ber; 2022, Athens.
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Background

The atomic 3D ‘lego-like’ model represents the mor-
phology of a complex system like a virus or a vaccine
(Figure 1). A complex system is a system contain-
ing many interdependent constitutes which interact
non-linearly. It has numerous interconnections and
interactions which are difficult to describe, under-
stand, predict, manage, design, and/or change. A
quality of an object with many interwoven elements,
aspects, details, or attributes that makes the whole
object difficult to understand in a collective sense'.
Complex systems are raised along with scientific and
philosophical question that remain to be understood.
Pythagoras of Samos, Greek philosopher referred to
the complex systems and in the Universe harmony
and their relationship with the human being. The
role of complexity, morphology and functionality of
complex systems such as lyotropic nanocubic liquid
crystals (Figure 2) should be taken into consider-
ation for producing new and innovative therapeutic
and prophylactic health products and the education
of students, health professionals and society should
be emerged as the main concern.

To understand how the complexity of a nanosys-
tem is impacted by its internal complexity and mor-
phology and by the complexity of its environment,
the interface complexity is emerged as a crucial fac-
tor that should be taken into consideration during
the evaluation of its effectiveness. The metrics of
complexity are very serious and should be care-
fully evaluated taking into account the number of
links, the number of elements, the function and hi-
erarchy of the elements, the information content of
the system based on the probability of failure of the
nanosystem as it is used in particular microenviron-
ment conditions®. The 3D multitasking model that
we proposed can be used to educate and to engage
in an easy manner the soft skills of students, health
professionals and society. Modern education must
cover a much broader variety of topics compared to
a few decades ago. World challenges in environment,
climate and health, requires training experts in two
or more core scientific fields, as well as in the con-
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Figure 1. Atomic ‘sculpture’ as 3D model, represents
the structure and morphology of vaccines and of vi-
ruses. Primarily, Black spheres represent carbon,
red spheres represent oxygen, white spheres repre-
sent hydrogen, blue spheres represent nitrogen, deep
purple spheres represent phosphorus. Each colored
sphere represents also molecules like, phospholipids
(black), cholesterol (red), genetic bases (blue) polar
head group of phospholipids (deep purple). The whole
structure represents the morphology of a virus or of
a vaccine.

nectivity between these. This “education at the inter-
face” is one of the biggest challenges of the 21st -cen-
tury academics. We need a new and accurate didactic
model that should be evaluated under the lens of the
evolution of research and innovation in health sci-
ences. The new didactic model should offer a clear
and simple approach to understanding the complex-
ity of nature using the ‘lego’ concept. Based on the
above, we designed and present this 3D ‘lego-like’
system which represent important bio and artificial
features such as the components and complexity of
viruses and of vaccines.

The 3D ‘Lego -like’ multitasking tool could be facil-
itating the educational process and could be used as:

° A 3D model that describes the complexity,
the morphology, and the functionality of a virus:
The capsid of a virus is mainly composed of phos-
pholipids representing by using the black spheres
in the 3D model. Moreover, cholesterol and the
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Figure 2. Cryo-Transmission Electron Microscopy (Cryo-TEM) of complex lyotropic nanocubic liquid crystals
that can incorporate bioactive molecules or genetic materials for producing Drug Delivery nano Systems or

vaccines®,

genetic content of virus are presented using red
and blue spheres. The decorated surface of a virus
with proteins are easily presented by the 3D mod-
el while the variants and the mutation process, are
easily described. The molecules from which the
3D model consists, (i.e., phospholipids, cholester-
ol, cationic phospholipids, lipids, ingredients like
polyethylene glycol etc) are self-assembled pro-
ducing complex structures, such as the virus cap-
sid. The uncertainty to project the next variant of a
virus is explained by the 3D. The education comes
from the clarification of concepts like, complexity,
self-assembly, morphology and functionality that
are well explained to the audience. However, edu-
cation becomes more interesting, more engaging,
and closer to real life. This 3D model benefits the
education process regarding new therapeutic out-
comes against viruses avoiding the fear from the
audience. The new didactic model that the 3D mod-
el proposed, is focus on the continuing and lifelong
learning and the utilization of new technologies in
higher education, in health professionals and in
the society. By incorporating this 3D model in the
education process achievements like, active partic-
ipation of students, health professionals and social
partners (i.e., patients) into lifelong and self-learn-
ing processes, are become beneficial.

° A 3D model could describe the complexity,
the morphology, and the functionality of a mRNA
vaccine: Nowadays, we can classify vaccines in three
main generations. The first generation contains the
vaccines of live-attenuated or inactivated patho-
gens. Subunit (second-generation) vaccines contain
only specific immunogenic domains of the patho-
gen. The third-generation vaccines do not contain
pathogens’ antigenic proteins, but part of their ge-
netic material. Such vaccines have recently been ap-
proved for human use and many assume that they
will bring a revolution in the field of vaccinology. The
genetic material is encapsulated into nanoparticles
and transferred inside the target host cells®. The 3D
model describes the second and third generation of
vaccines because of its morphological characteris-
tics from which it consists of. The second-generation
vaccines are composed of antigenic proteins that
are located on the surface of a nanoplatform which
is mainly composed of phospholipids, components
from which the human cell membrane is consist of.
However, it is obvious that this kind of vaccines are
composed of biocompatible and biodegradable bio-
materials and are safe and effective. All these bioma-
terials as well as the antigens are easily described
on the 3D model based on its morphology and com-
plexity. The third generation of vaccines like those
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against SARS-CoV-2 are composed of phospholipids,
cholesterol and polyethylenoglycol -a well approved
excipient- that are all presented in the 3D model and
are easily accessible and described. The genetic ma-
terial from which the vaccine is consist of, clearly ob-
served into the core of the 3D model representing by
the blue spheres decorated by red representing cho-
lesterol which is used to control the fluidity of the
phospholipid membrane of the vaccine. However, all
the biomaterials from which the second and third
generations of vaccines are consist of, are presented
into the 3D model. Moreover, difficult concepts like
complexity, self-assembly, morphology and func-
tionality are clarified in an easy and comprehensive
manner.

Conclusions

Viruses and artificial bio- elements like vaccines are
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complex nanosystems and should be clarified mainly
in to the society in order to avoid the fear and increas-
ing the awareness of students, health professionals
and society to the evolution of science and technology.
The atomic based 3D ‘lego-like’ model proposed as an
innovative and new didactic tool that could:

1. Helps students, professionals, and society
to understand the morphology the composition and
the behavior of viruses and of vaccines.

2. Includes information and bio and nanotech-
nological issues such as mutation of viruses, physi-
cochemical properties of vaccines, invisible artificial
nanoplatforms that can carry genetic material etc

3. Engages students, professionals, and society
in using an engineering design process
4. Addresses real-world problems like com-

plexity, morphology, and functionality of bio-enti-
ties and of artificial bio elements such as medicines,
therapeutic products and vaccines.
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Presentations of the ‘molecular sculpture’ in the Scientific Community

(Photo 1). Presentation by Professor Costas Demetzos the “molecular sculpture” that represents the structure
of mRNA vaccines against the SARS-CoV-2 virus, at a two-day conference of the foreign language interdepart-
mental postgraduate program of EKPA  Nanomedicine, June, Athens, 2022.

(Photo 2). Presentation by the Professor of Pharmaceutical Nanotechnology Costas Demetzos the “molecular
sculpture” that represents the structure of mRNA vaccines against the SARS-CoV-2 virus for educational rea-
sons. 3rd Pharmaceutical Conference of Peloponnese, October, Nafplio, 2022.
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IX EFMC International Symposium on Advances in Synthetic and Medicinal Chemistry

https://www.efmc-asmc.org/

« SEPTEMBER 7-8,2023 | ZAGREB, CROATIA
EFMC-YMCS 2023
10th EFMC Young Medicinal Chemists' Symposium | Anniversary Edition

https://www.efmc-ymcs.org/

« NOVEMBER 16-18,2023 | BASEL, SWITZERLAND.
International Symposium on Chemical Biology (EFMC-ISCB)

https://www.efmc-isch.org/
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